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Preface 
 

This book, “Advances in Scientific Research: Engineering and 
Architecture” consists of six sections and 35 chapters. Purpose of the book to 
present the recent studies in engineering and architecture.  

Section I on landscape architecture contains the following topics: 
reactivating an idle road: a greenway approach for old Hopa Borçka highway, 
the usage properties of the garden in Iskenderun located on the Mediterranean 
coast and the reasons for choice of plants in the garden, innovative spatial design 
approach: biophilic university campus, landscape design and legal regulations 
of children's playground, landscape in leed-certified buildings: what matters 
most, aesthetic concerns or sustainability?, determination of changes in 
precipitation and temperature values between 1989-2019 in Niğde using GIS, 
Düzce great Melen basin visual habitat quality assessment and its importance 
in landscape rehabilitation / restoration plans, medicinal-aromatic and 
ornamental properties of certain plants indigenous to alpine rocky habitats: the 
Hatila valley national park case, planning approaches in climate-friendly cities, 
characterization of the rural landscapes of a Mediterranean highland, 
determining the impact of various surfaces in open green areas of Iskenderun 
coastal band on thermal comfort, raising awareness of the world heritage sites 
in turkey: the current situation and their contributions to cultural heritage 
tourism, forest therapy (Shinrin-Ryoho) and forest bathing (Shinrin-Yoku): new 
function proposals for protected areas, landscape restoration in river and 
wetland ecosystems, use of GIS technology in land use suitability analysis, 
LUCIS model and properties of timber as a natural design material of 
landscape 

Section II Architecture contains a description of researches on different 
aspects of architecture. This section includes Ottoman baroque architecture: 
Turkish baroque, architects’ designs and roles at the mars’ environment: 
conceptual architecture at extreme conditions of Martian habitat, interior 
landscape plants and environmental functions, structure studies in 
architecture, evaluation of the concept of urban poverty within the scope of 
transformation studies, evaluation of historic urban landscape approach; 
case of Malaga, Spain, functional performance after re-use in traditional 
houses, typological variations of the courtyard house with iwan tradition. a 
comparative analysis of examples in Syria, Egypt, Iraq and Iran. 

Section III Agriculture includes trends in crop quality under changing 
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climates, evaluation of greenhouse growing enterprises by benefiting from 
the young farmer project in Konya, economic analysis results of sheep 
enterprises: the case of Konya Province, Turkey. 

Section IV on Forestry; is concerned with effects of projects aimed at 
reducing the consumption of firewood in forest villages by department of forest 
village relations: the case study Zonguldak regional directorate, determination 
of factors affecting log sale price of black pine. 

Section V Earth Science deals with assessment of 50 years (1970-2019) 
climate change perspective in Iran based on temperature, precipitation and 
adaptation strategies, mapping the territory accessibility in Minas Gerais – brazil 
and assessing special effects in the “ProAccess” program –using GIS and spatial 
analysis. 

Section VI Biology consists of two topics; ethnomedicinal uses of 
Colchicaceae and Liliaceae taxa in turkey and taxonomy and phylogeny of some 
interesting Entoloma recorded in Turkey. 

 Contributions in each chapter are prepared by experts in the 
respective fields and mirror the advancement in the approach. This book 
contains important future tasks of the particular fields and supplies 
extensive bibliographies at the end of each chapter, as well as tables and 
figures that illustrate the research findings. All these make this book highly 
useful and a must read for students, researchers and professionals in 
landscape architecture, ecology, environmental sciences and architecture. 

We would like to express our gratitude to all contributors for bearing 
with us as the volume has taken time to come to fruition. 

We particularly wish to express our thanks to the team at Sofia St. 
Kliment Ohridski University Publishing house for preparing the book for 
publication. 
 

The Editors 
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Chapter 1 

Reactivating an Idle Road: A Greenway Approach for Old 
Hopa-Borçka Highway 

Banu KARAŞAH1 and Derya SARI1 

1Assoc. Prof. Dr., Artvin Çoruh University, Faculty of Art and Design, Department of 
Landscape Architecture, Artvin, Turkey. 

 
 

INTRODUCTION 
Urban green spaces also provide many environmental benefits (i.e., 

ecosystem services) such as increased vegetation and wildlife habitat, storm 
water management, air and water purification, and climate regulation 
(Elmqvist et al. 2015) in addition to providing opportunities for creative and 
meaningful recreation experiences that impact physical, mental, and socio-
economic wellbeing (Larson et al. 2016a; Tzoulas et al. 2007; Keith et al. 2018).  

Unfortunately, as a result of urbanization, both aesthetic and 
environmental problems occur and green spaces which play a major role in 
maintaining the balance between human and nature are decreasing. 
However, the existence of planned green areas minimizes these negations. 

Roads which are one of the effective landscape elements in relationship 
between people and nature. Highways offer unique landscapes that include 
natural and artificial characters such as lakes, waterfalls, mountains, dams, 
mosques for the drivers and passengers. 

A greenway is one of the special categories of green spaces. Little (1990) 
defined a greenway is a linear open space established either along a natural 
corridor, such as a riverfront, stream valley, or ridgeline, or overland along a 
railroad right-of-way that has been converted to recreational use, a canal, a 
scenic road, or other route (Liu et al. 2016). Greenways are public resources 
that enhance the multifaceted functionality of Green Infrastructure, 
providing many of the benefits associated with urban parks as well as other 
unique assets (Benedict and McMahon 2006; Larson et al. 2016b; Weber et al. 
2017). They are providing activity-promoting transportation opportunities 
that link urban parks and neighborhoods (Shafer et al. 2000; Keith et al. 2018). 
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Greenways are multi-functional linear green spaces, which connect different 
ecological spaces to avoid the fragmentation of habitats and maintain the 
integrity of natural ecological systems (Little 1995). Greenways are thus 
helpful for, among other things, soil consolidation, flood control, water 
cleaning and air purification (Anthony 2006; Qin 2012). By providing a safe, 
designated space, they can also promote recreational and fitness activities 
and support non-motorized traffic such as walking and bicycling, thereby 
improving health conditions in communities (Floyd et al. 2008; Coutts et al. 
2013; Chen et al. 2017; Liu et al. 2018). 

Greenways are linear networks that enable us to reach natural, cultural 
and historical values while providing connection between urban and rural 
areas. These networks need to be properly planned and then designed. 

In the Tourism Strategy of Turkey 2023, it is aimed to develop a route for 
tourism based on certain themes by renewing the natural and cultural texture 
of a certain route. In this context, Hopa-Borçka (Artvin, Turkey) old highway 
was chosen as the study area, has a unique landscape structure, exciting cliffs, 
streams, valleys and mountains in terms of land morphology. The purpose of 
this study was to create alternatives for a greenway corridor where natural 
and cultural resources are conserved and that will make the area attractive 
for recreation and tourism.  

MATERIAL AND METHOD 
Artvin city is located in northeast of Turkey, near the Georgian boarder. 

The study was performed in approximately 20 km old highway corridor that 
links the Hopa and Borçka districts of Artvin. This corridor is used only by 
residents in Çifteköprü, Koyuncular and Çavuşlu villages apart from curious 
travellers (Figure 1).  
 

  
Figure 1: Location of study area 
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This corridor became inactive as a result of opening the Cankurtaran 
Tunnel in 2018. In addition to providing seasonal differences and surprises 
to travelers’, this corridor can offer different views with light-shadow effect 
even during the day. The natural and cultural values of this corridor make 
the area attractive both in terms of recreation and tourism. 

The study was carried out in three successive stages.  
In first stage, field surveys have been done. In this context, on-site 

observations were made along the route and areas were photographed by 
Nikon D7200 camera. 

In second stage, a questionnaire was developed to determine the 
opinions of the residents and visitors about the usage of the area and its 
potential as a greenway.  

Visitor questionnaire consists of 7 questions including which seasons 
they prefer to use the route, using frequency of route, which recreational 
activities they perform on the route, whether they find the facilities on the 
route sufficient or not, if they find insufficient or partially sufficient, they 
were asked to what sort of facilities can be established and lastly they were 
asked to whether they prefer an alternative way which can perform many 
recreational activities, see and experience different cultural features but more 
expensive in terms of time and cost as well as demographic factors (gender, 
age, education and profession). 

Resident questionnaire consists of 6 questions including reasons for 
being in this corridor, how the number of visitors coming to their villages 
changed after the new road was opened, their opinions about planning this 
corridor as an alternative greenway that will contribute to the local people 
with activities as hiking, picnic, gaining information about the traditional life 
and culture etc. of this corridor, what are the favourite features of their 
villages and their environs, whether they find the facilities on the route 
sufficient or not, if they find insufficient or partially sufficient, they were 
asked to what sort of facilities can be established besides demographic factors 
(gender, age, education and profession). 

We conducted a face-to-face questionnaire with the 80 participants (50 of 
them were visitors and 30 of them were residents). Visitor questionnaire took 
about 7 min. and resident questionnaire took about 5 min. The data obtained 
from the questionnaires entered into Excel charts and encoded numerically. 

In third stage, the functions of the corridor and recreational activities 
have been determined in the light of the obtained data.  
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RESULTS 
Corridor Visitors’ profile 
About 60% of participants were female and 40% were male. 2% of the 

participants were between 15-20 years old, 14% between 21-30 years old, 18% 
between 31-35 years old, and 46% between 36-45 years old, 20% 46 and older. 
Participants varied in education, with the highest percentage having a 
university degree (44%), followed by postgraduate (26%), high school (19%), 
secondary school (6%) and primary school (6%). 4% of the participant was 
student, 4% self-employment, 6% unemployed, 8% retired, 8 % other 
professions, 18% employee and 52% civil servant (Table 1).  

Table 1: Demographic factors of corridor visitors’ 
Demographic factors Percentage Demographic factors Percentage 

Gender 
Female 60  

 
 

Profession 

Unemployed 6 
Male 40 Student 4 

Age 

15-20 2 Civil servant 52 
21-30 14 Employee 18 
31-35 18 Retired 8 

36-45 
46 

Self-
employment 

4 

46 and older 20 Other 8 

Education 

Uneducated 0    
Primary 
school 

6 
   

Secondary 
school 

6 
   

High school 18    
University 44    

Postgraduate 26    
Other 8    

 
Of the 50 participants, 44% used the Hopa-Borçka old highway after 

Cankurtaran tunnel was opened while 56% did not use. When participants 
were asked why they didn’t used the old highway, the most preferred answer 
was getting longer in terms of time followed by no transportation except 
private car (6%) and getting more expensive (4%). Reasons using this old 
highway that most scored answer was other purposes (30%), followed by 
12% enjoy a scenery, 8%' being quiet and calm, 2% having recreational 
opportunities and 2% having local and historical cultural features. 
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When they were asked which months, they preferred to use this route, 
the most preferred period was June-July-August (40%) and then March-
April-May (24%), September-October-November (21%), all months (10%) 
and December-January-February (5%) respectively (Figure 2). 

 
Figure 2: Preferred months by participants 

 
38% of participants used this route few times a year, 32% visited rarely, 

14% visited once a year, 12% visited once a month and 4% visited once a week 
(Figure 3). 
 

 
Figure 3: Frequency of use of the route  

 
When they were asked which recreational activities, they performed on 

this route, the most preferred activity was enjoying scenery, followed by 
taking photo, observe the nature, picnic and resting. The least preferred 
activity was camping (Figure 4).  
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Figure 4: Preferred recreational activities on route 

 

Participants were asked they found the facilities sufficient on this route 
or not, 72% of them thought that facilities were not sufficient while 28% of 
them thought facilities were partially sufficient. Then participants were asked 
if they think facilities were not sufficient or partially sufficient which facilities 
should be done, the three most preferred were picnic areas, and local dishes 
service areas and vista points.  

Lastly, when we asked, they preferred or not an alternative way that 
more expensive in terms of time and cost but they can realize many 
recreational activities, see and experience different cultural features while 
traveling, 60% of them preferred but 40% of them didn’t preferred.  

Resident profile 
About 68.75% of participants were female and 31.25% were male. 37.5% 

of the participants were between 15-20 years old, 12.5% between 21-30 years 
old, and 18.75% between 36-45 years old, 31.25% 46 and older. Participants 
varied in education, with the highest percentage having a high school degree 
(37.5%), followed by university (25%), postgraduate (6.25%) and secondary 
school (6.25%). %37.5 of the participant was student, 18.75% unemployed, 
18.75% retired, 12.5% employee, 6.61%civil servant and 6.25 % other 
professions (Table 2).  
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Table 2: Demographic factors of residents’ 
Demographic factors Percentage Demographic factors Percentage 

Gender 
Female 68.75  

 
 
 

Profession 

Unemployed 18.75 
Male 31.25 Student 37.5 

Age 

15-20 37.5 Civil servant 6.61 
21-30 12.5 Employee 12.5 
31-35 0 Retired 18.75 

36-45 
18.75 

Self-
employment 

0 

46 and older 31.25 Other 6.25 

Education 

Uneducated 0    
Primary 
school 

0 
   

Secondary 
school 

6.25 
   

High school 37.5    
University 25    

Postgraduate 6.25    
 

We were asked the residents their reasons to being this area; most of 
them (56.25%) stated that they were living and working there. However, 25% 
of them stated that they preferred to be there for holiday and fun.  

When they were asked how the number of visitors of their village has 
changed after the Cankurtaran tunnel was opened, 68.75% of them stated that 
the number of visitors has decreased and 31.25% of them stated changed 
according to seasons.  

We were asked their opinions about planning this corridor as an 
alternative greenway that will contribute to the local people with activities as 
hiking, picnic, gaining information about the traditional life and culture etc., 
87.5% of them stated positive opinions and only 12.5% of them negative.  

When they were asked the favorite features of their villages and their 
environs, they indicated that the first feature was being quiet and calm, then 
its landscapes, historical and cultural features, local dishes and outdoor sport 
opportunities (Figure 5).  

Residents were asked they found the recreational facilities were 
sufficient in their village or not, 50% of them thought that facilities were not 
sufficient while 37.5% of them thought facilities were partially sufficient and 
12.5% of them thought facilities were sufficient. Then residents were asked if 
they think facilities were not sufficient or partially sufficient which facilities 
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should be done, the most preferred was local dishes service areas, followed 
by picnic areas and walking areas.  

 
Figure 5: Residents’ thoughts about the favorite features of their villages 
and their environs 

Functions of the Corridor 

Firstly, three functions have been determined for the corridor: recreation 
function, scenic function and historical-cultural function. Then recreational 
activities have been determined according to corridors’ functions.  

Within the scope of the recreation function; the corridor has a potential 
to actualize activities like hiking, cycling, picnic, resting, taking photo, rock 
climbing, experiencing the simple life and local tastes, bird watching and 
camping etc.  

Within the scope of the scenic function; it enables to observe unique and 
typical landscapes by foot and/or driving. Recreational activities were as 
resting, taking photo, hiking etc. in this function. 

Within the scope of historical-cultural function; it has the potential to be 
a corridor that enables the preservation and sustain of cultural values such as 
the simple life. Recreational activities were as resting, taking photo, hiking, 
and experiencing the simple life and local dishes etc. in this function. 

DISCUSSION and CONCLUSION  
Fragmentation is one of the leading problems of landscape today. At this 

point, the existence of qualified green areas is of vital importance. Greenways 
as a qualified green area are a solution strategy to prevent this fragmentation. 
Greenways are linear networks that enable us to reach natural, cultural and 
historical values while providing connection between urban and rural areas. 

This research provides an assessment of how visitors and residents of 
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idle road are used and what factors affect its use and opinions about planning 
as a greenway. 

 Findings of this study and the other studies conducted in Turkey show 
that the results are similar. 

56% did not use the Hopa-Borçka old highway after Cankurtaran tunnel 
was opened. In regards to reasons for non-use of the road, the most preferred 
answer (48%) was getting longer in terms of time. 

Participants mostly use this road in June-July-August which reinforces 
what Kurdoğlu (2005) and Kurt (2013) have found. 

In terms of frequency of use, Akpınar (2016) stated that 55.4% of the 
participants use the Koşuyolu Urban Greenway daily while 35.3% use it 
several days a week and only 1.4% use it monthly. We found that 38% of the 
participants used this road few times a year.  

In previous studies (Kurdoğlu, 2005; Kurt, 2013; Akpınar, 2016; Şat Özel, 
2016) most preferred recreational activities were resting, picnic, walking, 
camping, tasting local dishes, enjoy a scenery, taking photograph etc. In our 
study, most preferred activities were enjoying scenery and taking 
photograph.  

The results also are consistent with previous studies (Kurdoğlu, 2005; 
Kurt, 2013; Akpınar, 2016). 72% of them thought that facilities were not 
sufficient while 28% of them thought they were partially sufficient. 

Local dishes servicing areas and vista points were found to be the two 
most important facilities by visitors while local dishes servicing areas and 
picnic areas were found to be the two most important facilities by residents.  

Most of the visitor (60%) preferred an alternative way as a greenway.  
68.75% of the resident stated that the number of visitors has decreased 

and 31.25% of them stated changed according to seasons after the 
Cankurtaran tunnel was opened.  

Public participation is vital for planning. Thus, we obtained their opinion 
about planning this idle road as a greenway. We found that 87.5% of the 
resident had positive opinions.  

Consequently, this corridor has a high resource value. It must be 
properly planned and designed to protect and sustainability of these resource 
values. It has the potential to be a recreational corridor, a scenic corridor and 
a historical- cultural corridor. In this study area, a greenway strategy should 
be adopted that will protect natural and cultural values, minimize the 
pressure on the area, enable the recreational usage of the area and contribute 
to tourism on a local scale and then on a regional.  
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INTRODUCTION 

Individuals living in cities have moved away from nature due to the 
decreasing amount of open-green areas due to increasing urbanization and 
industrialization all over the world in recent years. Green spaces in the form 
of public parks and open-use areas provide numerous human health and 
social benefits (Cetin, 2015; Cetin and Sevik, 2016; Cetin, 2016; Cetin et al., 
2018). These spaces also provide numerous ecosystem services that improve 
air quality with climatic factor such as bioclimatic comfort (Cetin, 2019; Cetin, 
2020; Adiguzel et al., 2020; Zeren Cetin and Sevik, 2020; Zeren Cetin et al., 
2020) However, open and green areas are the most important areas where the 
need for recreation can be met. For this reason, the existence of the areas 
within the definition of the urban green area is necessary to meet the 
recreation need of the public. (Yılmaz, 2006; Cetin, 2015; Cetin and Sevik, 
2016; Cetin et al., 2018). In this context, home gardens in urban green areas 
make an important contribution to meeting this need. Besides the 
contribution of the gardens to the amount of urban green space, the 
contribution of each plant used in the garden is also very important. Plants 
come together to increase the city's biodiversity potential, amount of green 
spaces, and thus the quality of urban life (Kendal et al., 2012; Cetin, 2015; 
Özer et al., 2014; Cetin and Sevik, 2016; Surat and Yaman, 2017). The aesthetic 
and functional qualities of the plants used in the gardens affect the garden 
preferences of the garden owners. While it softens the solid and sharp lines 
of the buildings in terms of aesthetics; It creates impressive looks with 
different colors, shapes, and textures. Plants are effective with their features 
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such as providing functional shade, shielding, improving air quality, 
preventing water flow, regulating climate, contributing to biodiversity, 
contributing to food, and spiritual-cultural values (Dirik, 2008; Kendal et al., 
2012).  

Home gardens are special areas that describe time, place, and culture. It 
is believed to reflect the characteristics of the host. Combining nature and 
culture, past and present, the garden represents an idea, a place, or a behavior 
(Francis and Hester, 1990). Firstly, the garden, which is defined as an 
enclosed area, has turned into a living space that has certain boundaries and 
is organized by people to integrate with nature or to be closer to nature. 
Ornamental plants, vegetables, fruits, and medicinal plants are grown in this 
area. The garden can have the idea of traditional and modern thought. Many 
plant species not found in urban green areas can be used in this area. Thus, 
the home garden becomes a living space symbolizing nature (Kuş Şahin and 
Erol, 2009).  

Spending time in the garden or taking care of the garden is an important 
personal behavior that will make individuals healthier. It includes planting, 
digging, pruning, watering, harvesting, etc. Dealing with gardening works 
benefits the person socially and psychologically. It reduces stress and makes 
you feel better (Francis and Hester, 1990; Kendal et al., 2012). 

Garden culture; It has evolved to serve different purposes for societies in 
the historical process. For western societies, it is used for navigational 
purposes and eastern societies as a living area. Garden is also affected by the 
ecological features of the geography in which it is located and the socio-
cultural structure of the society. For example, the understanding of gardening 
in Turks also includes some functional features. One of them is considered to 
be the contribution of tree species used in the garden to wildlife in terms of 
nutrition and shelter. Thus, fruit trees and vineyards became indispensable 
elements. Other important features in the use of tree species are listed as 
shade formation, smell, and color features. Plants used for this purpose are 
generally chosen among natural species. Among the most used trees are 
Platanus sp., Fraxinus sp., Tilia sp., Ulmus sp., Celtis sp., Quercus sp., Laurus 
sp., Cercis sp., Morus sp., Prunus sp., Punica sp., Eriobotrya sp. species are 
known to be highly preferred. Among the herbaceous/semi-woody species, 
especially the color and odor feature is at the forefront; Rosa sp., Narcissus sp., 
Dianthus sp., Matthiola sp., and Pelargonium sp. It is among the most preferred 
species in the gardens. Bulbous species used in Turkish gardens are of 
historical and cultural importance. Some of these plants that increase the 
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green texture in the garden also contribute economically by meeting the daily 
needs of the household. However, although fruit trees are considered 
economically important, the main reason for their preference is that they 
create shade and create privacy. These uses illustrate that aesthetic and 
functional features are evaluated together in the Turkish Garden (Öztan, 
2004; Kuş Şahin and Erol, 2009; Çınar and Kırca, 2010; Tazebay and Akpınar, 
2010; Kılıçarslan and Dönmez, 2016). 

There are some studies of the plant species used in home gardens in 
different regions of Turkey, individuals for reasons to prefer dealing with 
situations and garden plants. The results obtained from these studies are 
given below. 

Yılmaz and Zengin (2003) conducted a standard survey of 350 people 
living in the city center in their studies in which the people of Erzurum 
determined the plant preferences used outdoors. With this study, which was 
created to reveal the features that individuals seek in the plants they use in 
their gardens, the answers to have the most beautiful appearance, to remain 
green at all times, to bear fruit and to demand low maintenance were 
received. The rate of those who prefer plants only with their aesthetic 
qualities is 68%. The functional features evaluated in the preference of plants 
are listed as cleaning the air, forming a shade, screening, and preventing 
noise. Garden owners' favorite species are also Pinus sp., Populus sp. and Salix 
sp. determined as. 

Yılmaz (2006) conducted a standard survey of 400 people in his study, 
which aims to determine the preferences of the people of Tekirdag regarding 
design plants. When the plant selection criteria of the respondents were 
evaluated, it was determined that 31% paid attention to the parameters of 
aesthetics, 22% to bear fruit, 21% to be green, 10% to be functional, 6% to be 
careful. It prefers individuals to have 24% flower-leaf-stem beauty in terms 
of aesthetics and 45% shade in terms of functional features. 

Alp (2017) identified 39 species in total in the study in which it 
determined the plant species in 30 large home gardens in the historical 
texture of the city of Van (Turkey). 13 of these species are herbaceous - 9 of 
them are geophytes - 23 of them are woody - 10 of them are trees - and 3 of 
them are intertwined plants. Some of the species in geophytes are Fritilaria 
imperialis, Iris germanica, Narcissus poeticus, and Tulipa sylvestris. Some of the 
tree species can be counted as Quercus rubra and Ulmus minor. Fruit trees 
constitute an important group among the tree species. Amygdalus 
trichamygdalus, Crataegus orientalis, Elaeagnus angustifolia, Morus alba, make up 
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50% of M. nigra tree species. 
Altınçekiç and Şentürk (2017) conducted a standard survey in their work 

in the city of Hadımköy and Zekeriyaköy in 50 cities with a garden. As a 
result, they revealed that 56% of homeowners use their gardens for 
recreational purposes. The time to use the garden is 52% over the weekend, 
22% always, 7% for the week. The duration of using the garden during the 
day; is 64% more than 4 hours. With the study, 93% of flowering trees were 
used in the selection of plants; It is determined that 50% prefer seasonal flowers. 

Bozdoğan Sert et al. (2018), in their study they identified the woody and 
herbaceous species found in 200 home gardens in the historical texture of 
Antakya (Hatay) and also revealed their intended use. Accordingly, a total of 
40 woody and 27 herbaceous species were identified in the study area. It is 
determined that trees are generally fruit trees among woody species. Citrus 
fruits are found in 67.5% of the home gardens in the research area. However, 
when evaluated based on species, Citrus is the most used type with a ratio of 
24% because it creates lemon shade and the flowers are fragrant. Another tree 
used extensively in the area is Eriobotrya japonica, which is seen in 39% of the 
houses. Vitis vinifera (grapevine) was used in 44% of home gardens because 
of its aesthetic quality and functional shade. Among the 27 herbaceous plant 
species identified in the courtyards of traditional Antakya houses, it is Begonia 
rex, since it is found in 22% of the houses that are used extensively. It has been 
determined that the beauty of its leaves is used for various purposes with its 
flowers. The species found in the courtyard of 19% of the houses is Rosa sp. 
It is; It is used because of its flowers. Roses are also preferred because the 
petals are fragrant and consumed as food. The most common herbaceous 
species used in the courtyards is Pelargonium zonale, which is mostly used 
with the beauty of its flowers and leaves and is found in 17% of the houses. 

Kaya et al. (2018) found that there are 72 plant species in their studies by 
examining 240 home gardens in the urban and rural settlements of Antalya. 
As a result of the survey conducted in the study area, it was determined that 
the most popular plant species in the gardens is Citrus lemon. It has been 
demonstrated that individuals are in the foreground the parameters of being 
the most fruit tree (64.2%), having ornamental characteristics (60%), and 
looking at flower-leaf characteristics (37%) in the selection of plant species 
used in their gardens. 

With this study, it is aimed to reveal the characteristics of individuals 
living in garden houses in Iskenderun (Hatay) city using their gardens. the 
reduction in Turkey as well as all over the world were brought to the fore the 
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amount of urban green space garden, this home study material. In this 
context, the reasons for the use of the garden and the reasons for individuals 
to prefer the plants in their gardens have been determined in the 
neighborhoods that have difficulty in reaching the urban green areas and are 
very close to the city center. The results to be obtained from this study are 
expected to be especially beneficial for landscape architects and local 
governments. 

MATERIAL AND METHOD 

Material 
The study was carried out between March-April 2019 in the municipal 

borders of the city of Iskenderun, the second largest district of Hatay 
province, between March and April 2019. 

Iskenderun, a working area, is a port city located between the Amanos 
Mountains and the Mediterranean; its location is given in Figure 1. The area 
of the district consisting of a total of 45 neighborhoods is 247 km2 (General 
Directorate of Mapping, 2020) and its population is 248.380 according to the 
address-based population registration system dated 2019 (Hatay 
Governorship, 2020). Nature and exotic plant species can be easily grown and 
used in the green areas of the city of Iskenderun, where the Mediterranean 
climate prevails in the city. 

Method 

The study was carried out in 3 stages. The first stage of the study is the 
literature review and the determination of the study areas. In this context, 9 
neighborhoods (Bekbele, Adjacent, Karayılan, Meydan, Numune, Piri Reis, 
Sarıseki, Sakarya, Yunus Emre), where the houses with garden are dense, are 
selected as the study areas. In the second stage of the study, a standard 
questionnaire was applied to 100 people living in garden houses in the 
neighborhoods and chosen randomly. The questionnaire consists of 3 parts. 
In the first part of the survey, there are questions regarding personal 
information (gender, age, income, education, occupation, property status, 
residence time, hometown) and garden size, and location. In the second part 
of the questionnaire, there are questions about the useful features of the 
garden and the questions about determining their favorite plant in the 
garden. In the third part, there are questions about the reasons for preferring 
plants used in the garden. The third stage of the study is the stage where the 
data obtained are evaluated and suggestions are presented. 
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Figure 1. Location of the research area 
 

RESEARCH FINDINGS 

The personal characteristics of the individuals surveyed are given in 
Table 1. 71% of the respondents are female and 29% are male; the average age 
is 49.5. The residence period of individuals in their household varies between 
1 year and 68 years; It was determined as an average of 1.5 years. 78% of the 
respondents are homeowners and 22% are tenants. When the educational 
situation is examined; 51% of primary school; 20% of them are a high school, 
16% are middle school, 6% are university graduates; It was determined that 
4% of them were illiterate and 3% of them were illiterate. The hometown of 
individuals is 82% Hatay and 18% is another province or country. Looking at 
the income situation; It is seen that 48% of the participants have income 
between 1001-2000 TL, 27% between 2001-3000, and 15% less than in 1000. 
More than half of the participants (56%) are housewives. 

The location of the garden in the surveyed houses is shown in Table 2. 
Accordingly, the gardens are located as the front, front-side, front-side-back, 
front-back, back, side-back, and side garden within the boundary of the 
house. Among these locations, there is a maximum of 36% front garden. 
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Considering other locations, the front garden is seen in 86% of the houses. 

Table 1. Personal characteristics of the individuals surveyed 
Parameter N % Parameter N % 
Gender Female 71 71 Income 

Status 
Under 1000 TL 15 15 

Male 29 29 1001-2000 TL 48 48 
House Owner 78 78 2001-3000 TL 27 27 

Tenant 22 22 3001-4000 TL 8 8 
Education Not 

reading 
3 3 4001-5000 TL 2 2 

Reading 
Knows 

4 4 Profession Housewife 56 56 

Primary 
School 

51 51 Retired 16 16 

Middle 
School 

16 16 Self-
employment 

13 13 

High 
School 

20 20 Worker 9 9 

University 6 6 Student 2 2 
Hometown Iskenderun 62 62 Guide 1 1 

Hatay 20 20 Unemployment 1 1 
Out of 
Province 

13 13 Engineering 1 1 

Abroad 5 5 Secretary 1 1 
 
Table 2. Location of the Garden on the Land 

Location Percent (%) 
Front 36 
Front - Side 20 
Front – Side - Back 20 
Front – Back 10 
Back 8 
Side - Back 3 
Side 3 

The average time spent in the garden for the individuals participating in 
the research was determined as 2 hours. However, this period is the highest 
10 hours; the lowest was 1 hour. When the size of the gardens subject to the 
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research is evaluated, it is 13 square meters. however, it has been determined 
that it varies between 10-1000 square meters. Information on the use of the 
garden is given in Table 3. In this context, the frequency of taking care of the 
garden, the time to take care of it, and the activities performed in the garden 
are presented. Accordingly, 57% of the participants are more than 3 per week, 
that is, at a high level; Moderate level, 32% 1-2 times a week; 10% less; 1% of 
them are interested in their garden or spend some time in the garden. Most 
of the individuals are interested in the garden every day, including the 
weekend. The most common activities in the garden are "resting" with 68% 
and "gardening" with 66%. Other activities are reading books ranging from 
7% to 2%, watching the garden, having a picnic, and spending time with 
children. 

Table 3. Information on the use of the garden 
Frequency of 
Interest 

% Time to 
Interest 

% Activities % 

High (more than 3 
per week) 

57 Weekend 37 Have a Rest 68 

Moderate (1-2 per 
week) 

32 Everyday 34 Gardening 66 

Less (1-2 per month) 10 Weekdays 21 Reading Books 7 
Very little 1 In Both 7 Watching the 

Garden 
7 

    Having a Picnic 4 
    Spending Time 

with Children 
2 

The reasons for the preference of plants in the garden are examined 
under two headings as aesthetic and functional and are given in Table 4. 
“Flower Color” with 78% is among the aesthetic features that individuals 
who take into consideration in choosing their plants in their gardens. This 
includes "Plant Form" (62%), "Leaf Color" (57%), "Flower Size" (47%), "Leaf 
Size" (35%), "Leaf Pattern" (15%), "Trunk Color” (9%), “Trunk Pattern” (4%), 
“Shoot Color” (2%). These results show that stem and shoot color and stem 
patterns have a very low impact on plant preference; show that the features 
related to flowers and leaves are more prominent. The fact that the 
individuals participating in the survey prefer the plants that they use in their 
gardens is “Fragrant” with a rate of 80%. This includes “Creating Shadows” 
(77%), “Using as Food” (68%), “Being Effective All Year Round” (46%), “Low 
Need for Care” (45%), “Reminding Childhood Memories” (% 42), “Being 
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Resistant to Drought” (39%), “Screening” (29%), “Having Shelter and Food 
for Birds” (25%), “Creating a Border / Obstacle” (20%), “Being in a Natural 
Area Near” (7%) followed by “For the Protection Purposes” (5%). 
 

Table 4. Reasons for Preferring Plants Used in the Garden 
Aesthetic Causes % Functional Causes % 
Flower Color 78 Fragrance 80 
Plant Form 62 Shadow Creation 77 
Leaf Color 57 Use as Food 68 
Flower Size 47 Effective All Year Round 46 
Leaf Size 35 Low Maintenance Needs 45 
Leaf Pattern 15 Reminding of Childhood Memories 42 
Trunk Color 9 Resistance to Drought 39 
Trunk Pattern 4 Screening 29 
Shoot Color 2 Being a Shelter and Food for Birds 25 
  Creating Boundary / Obstacle 20 

 Being in a Natural Area Near 7 
 For Protection Purposes 5 

 

The most favorite plants in the garden and their preferred rates are given 
in Table 5. According to this, the most favorite plant in the home gardens of 
Iskenderun city is garden roses with a rate of 32%. According to the answers 
given by the survey respondents, 31 different species were identified among 
the most popular species in the gardens. These species include 20 woody 
species, 2 semi-woody species, and 9 herbaceous species. 
 
Table 5. Favorite plant in the garden and preferred rates 

No Latin Name Ratio 
(%) 

No Latin Name Ratio 
(%) 

1 Rosa sp. 32 17 Rosmarinus officinalis  1 
2 Olea europaea 9 18 Jasminum officinale 1 
3 Citrus limon 8 19 Ficus retusa-nitida 1 
4 Punica granatum 5 20 Ziziphus vulgaris 1 
5 Cestrum nocturnum 4 21 Hydrangea macrophylla 1 
6 Ocimum basilicum 4 22 Kalanchoe blossfeldiana 1 
7 Vitis vinifera 4 23 Tilia tomentosa 1 
8 Chrysanthemum x 

grandiflorum 
3 24 Viburnum tinus 1 
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9 Citrus sinensis 3 25 Prunus persica 1 
10 Morus alba 3 26 Capsicum annuum 1 
11 Hibiscus rosa- sinensis 2 27 Rosa odorata 1 
12 Matricaria chamomilla 2 28 Cupressus 

sempervirens 
1 

13 Bougainvillea glabra 2 29 Ficus carica 1 
14 Dianthus caryophyllus 2 30 Musa acuminata 1 
15 Sanseveria trifasciata 1 31 Aloe vera 1 
16 Elaeagnus angustifolia 1  Total Ratio 100 

 
 

CONCLUSIONS AND SUGGESTIONS 

The results of this study, which are carried out to establish the criteria of 
individuals living in garden houses in the city of Iskenderun with their 
gardens and choosing plants in their gardens, are given below. 
 

* Home gardens are used by homeowners by spending time in the 
garden and even taking care of gardening. 

* There are house gardens with sizes between 10 square meters and 1000 
square meters in the study area. The average size is 13 square meters. 
However, garden size does not prevent spending time in the garden. 

* The time spent in the garden during the day varies between 1 hour and 
10 hours; it is on average 2 hours. 

* The frequency of participating in the gardens is 57% high (more than 3 
times a week). 

* Participants are interested in their gardens almost every day, mostly on 
the weekend or spend time in the garden. 

* The garden is used to rest at the highest rate (68%) and to deal with 
gardening (66%). 

* The aesthetic features that the individuals participating in the survey 
consider in choosing the plants they use in their gardens are determined as 
flower color> plant form> leaf color> flower size> leaf size> leaf pattern> 
trunk color> trunk pattern> shoot color. 

* The functional features of the surveyed individuals in their preference 
for the plants they use in their gardens are fragrance> creating shadows> 
using as food> being effective throughout the year> low maintenance> 
reminding childhood memories> being resistant to drought> screening> 
shelter and food for birds > creating a border/obstacle> being in the natural 
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area near it> being followed for protection. 
* The most favorite plant in home gardens of Iskenderun city is garden 

roses with a rate of 32%. 
As a result of the study, it has been revealed that home gardens are used 

for recreational purposes in Iskenderun, the Mediterranean coastal city, and 
individuals living in the city spend their time in their gardens during the day. 
The garden is used extensively, including some neighborhoods that have 
difficulty in reaching the urban green area. The most effective aesthetic 
quality of flowers in individuals' preferring plants in their gardens is flower 
color; functional quality is also determined as odor feature. The color feature, 
which is among the principles of planting design, appears with the flower 
color. It is an important feature for Mediterranean cities, especially based on 
the scent of citrus flowers. For this reason, highlighting the flower color and 
fragrance in the planting of urban green areas in the city of Iskenderun may 
increase the level of satisfaction of the public. Similarly, considering 31 
species obtained under the most popular plant species, the evaluation of 
these species in green areas will be a feature that affects the level of 
satisfaction. Although the results of the study are city-specific, they can 
represent Mediterranean cities. The results contribute to relevant 
professional disciplines, especially local governments; It is also important in 
terms of revealing the value of home gardens in terms of urban green areas. 
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1. INTRODUCTION 
University campuses are of value with regard to sustainable 

environments and innovative approaches for putting forth effective systems 
in addition to implementations related with the management of such 
systems. In this context, biophilic university campus applications that stand 
out as a form of innovative spatial design approach focused on interaction 
with nature produce solutions to innovative demands for the users and 
render them sustainable. This section of the study is comprised of sustainable 
university campus, biophilic university campus, biophilic design and 
biophilic design strategies sections.  

1.1. Sustainable university campus  
University campuses provide rich physical attributes with external 

spaces of different scales that are rich in terms of nature and that encompass 
both urban and natural landscapes. Thanks to this mixed use characteristics, 
campus users may meet all their needs within certain distances in these urban 
spaces (Yıldız and Şener 2006). University campuses are in continuous 
interaction with the city and they can be considered as small cities that 
provide social, cultural, recreational and educational facilities to users from 
different areas.  

Sachs (1986) states that five primary dimensions have been determined 
which are: cultural, ecological, economic, social and spatial (Elizabete et al. 
2005).  

According to Güllü et al. (2012); the implementation of sustainability 
criteria in campuses provide economic gains together with effective water 
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and energy designs; designs focusing on green buildings and renewable 
energy provide physical gains resulting in an increase in the air quality in the 
buildings as well as the campus and its environs along with an increase in 
comfort characteristics; designs focusing on public health provide social 
gains that result in reduced adverse impacts of climate change. A successful 
campus development is possible during this process by way of integrated 
approaches (Özdal Oktay and Özyılmaz Küçükyağcı 2015).  

It is important to consider the environmental, economic and social 
sustainability criteria as a whole in order to ensure that university campuses 
are transformed into sustainable university campuses. There has been a need 
for a systematic approach for putting these concepts into effect (Mutdoğan 
2020). Today, the international sustainability indices of Green League, 
Environmental and Social Responsibility Index and UI GreenMetric Ranking 
are used for the evaluation of environmental studies within the scope of 
sustainability (Grindsted 2011). UI GreenMetric ranking criteria are classified 
under six main headings and provide percentage values. These six main 
headings are; Setting and Infrastructure (SI) (15%), Energy and Climate 
Change (EC) (21%), Waste (WS) (18%), Water (WR) (10%), Transportation 
(TR) (18%) and Education and Research (ED) (18%) (URL-1) (Table 1).  

There are no ranking systems or communication networks on sustainable 
university campuses in Turkey that have been developed at the national 
scale. However, various universities in Turkey have taken part in sustainable 
campus evaluation and development organizations such as the United 
Nations Environment Program (UNEP), International Sustainable Campus 
Network (ISCN), Global University Leaders Forum (GULF) and GreenMetric 
(Yıldız 2020). 

Table 1: UI Green Metric indicators and categories suggested for use in the 
2020 rankings (URL-2) 

No  CRITERIA  Point 
1 Setting and Infrastructure (SI)  
SI1  The ratio of open space area to total area  300  
SI2  Total area on campus covered in forest vegetation  200  
SI3  Total area on campus covered in planted  300  
SI4  Total area on campus for water absorption besides the forest and 

planted  
200  

SI5  The total open space area divided by total campus population  300  
SI6  Percentage of university budget for sustainability efforts within a year  200  
 Total 1500 
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2  Energy and Climate Change (EC)   
EC1  Energy efficient appliances usage  200  
EC2  Smart building implementation  300  
EC3  Number of renewable energy sources on campus  300  
EC4  Total electricity usage divided by total campus' population (kWh per 

person)  
300  

EC5  The ratio of renewable energy production divided by total energy 
usage per year  

200  

EC6  Elements of green building implementation as reflected in all 
construction and renovation policies  

300  

EC7  Greenhouse gas emission reduction program  200  
EC8  Total carbon footprint divided by total campus' population (metric 

tons per person)  
300  

 Total  2100  
3  Waste (WS)   
WS1  Recycling program for university's waste  300  
WS2  Program to reduce the use of paper and plastic on campus  300  
WS3  Organic waste treatment  300  
WS4  Inorganic waste treatment  300  
WS5  Toxic waste treatment  300  
WS6  Sewage disposal  300  
 Total  1800  
4  Water (WR)   
WR1  Water conservation program & implementations  300  
WR2  Water recycling program implementation  300  
WR3  Water efficient appliances usage  200  
WR4  Consumption of treated water  200  
 Total  1000 
5  Transportation (TR)   
TR1  The total number of vehicles (cars and motorcycles) divided by total 

campus' population  
200  

TR2  Shuttle services  300  
TR3  Zero Emission Vehicles (ZEV) policy on campus  200  
TR4  The total number of Zero Emission Vehicles (ZEV) divided by total 

campus population  
200  

TR5  Ratio of ground parking area to total campus' area  200  
TR6  Program to limit or decrease the parking area on campus for the last 3 

years (from 2017 to 2019)  
200  

TR7  Number of initiatives to decrease private vehicles on campus  200  
TR8  Pedestrian path on campus  300  
 Total  1800  
6  Education and Research (ED)   
ED1  The ratio of sustainability courses to total courses/subjects  300  
ED2  The ratio of sustainability research funding to total research funding  300  
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ED3  Number of scholarly publications on sustainability  300  
ED4  Number of events related to sustainability  300  
ED5  Number of student organizations related to sustainability  300  
ED6  University-run sustainability website  200  
ED7  Sustainability report  100  
 Total  1800  

1.2. Biophilic university campus 

According to Gehl (2009), campuses have important functions for the city 
in addition to being areas where academic activities are carried out. 
Campuses that make up the urban and social texture are centers of attraction 
for living due to the definition of their natural landscape characteristics. 
Hence, university campuses are not comprised only of faculty buildings, they 
are made up of the space as a whole and provide “life between buildings” as 
defined by Jan Gehl (Modrzewski and Szkołut 2016).  

Biophilic design is of special importance for education areas such as 
university campuses, because apart from being modern spaces of education 
(academic), these locations have a space cognitive role in addition to having 
a potential for improvement (Modrzewski and Szkołut 2016). Biophilic 
university campus approach enables bio-cultural connections for different 
university actors within the scope of the physical and natural environment of 
the campus (Jones 2012).  

According to Aburas et al. (2017), the “life improving” architectural 
approach based on biophilic design principles helps people to experience and 
perceive university campus areas (Abdelaal 2019). Hence, biophilic 
university campuses suited for innovation present revolutionary changes for 
the perception of these environments by the users. Integrating biophilic 
design principles to innovative campus models will bring forth advantages 
in developing solutions for the innovative demands of users and ensuring 
that they are sustainable (Abdelaal 2019).  

According to Arnett (2017), Figure 1 demonstrates the threefold 
integration model between the following: first of all, biophilia will have a 
significant impact on the creativity, efficiency, resilience and welfare levels of 
university campus users. Secondly, suitability for innovation will strengthen 
the bond between academia, society and market needs by adopting a 
horizontal higher education organization based around centers and institutes 
with a smaller number of departments that quickly respond to the difficulties 
of our day (Abdelaal 2019). The third and most important benefit is reducing 
negative ecological impact and encouraging sustainability for increasing 
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operational efficiency related with the energy and resource consumption and 
waste management of university campuses (Abdelaal 2019).  

 
Figure 1: The threefold mechanism of the innovation-conducive university 
campus (Abdelaal 2019) 

1.3. Biophilic design 
We first need to examine the concept of “biophilia” in order to 

understand the concept of biophilic architecture/design in universities 
(Elmashharawi 2019). Those who have examined the biophilia hypothesis 
asserted that the biophilic tendency is coded biologically, because it has been 
effective in the physical, emotional and intellectual development of humans 
throughout the course of evolution. The dependence of people to contact with 
nature is associated with the requirement of critical environmental attributes 
required for the development of human mind and body such as light, sound, 
odor, wind, weather condition, water, vegetation, animals and scenery (Jones 
2012).  

The dominant design and development paradigm of modern built 
environment, unsustainable energy and resource consumption, extensive air 
and water pollution, prevalent changes in atmosphere and climate, 
abundance of waste generation, unhealthy interior space conditions and 
increase in alienation from nature have resulted in “placelessness” 
(Heerwagen and Hase 2001).  

The interaction of people with natural environment characteristics such 
as contact with fresh air, visual contact with water features and the daily 
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perception of plant scents make significant contributions to improving the 
urban quality of life. Biophilic design / architecture concept have developed 
from this interaction (Elmashharawi 2019). Biophilic design is related with 
creating a fine living area in built environments for humans as biological 
organisms. Biophilic design aims to satisfy natural adaptations to nature in 
modern built environments thus increasing the physical and mental health 
and wellbeing of people (Kellert and Calabrese 2015, Modrzewski and 
Szkołut 2016). Biophilic design encourages ecologically related design 
solutions at many different scales from interior spaces to buildings as a 
whole, from environmental landscape to urban and bio-regional scale 
(Kellert and Calabrese 2015).  

Biophilic design integrates real or symbolic natural components into 
living and working spaces for improving emotional and physical health. In 
this regard, it provides built environments dominated by morning sun 
exposure, water characteristics, window walls, sky ceilings and plants which 
restore the quality of air. Ensuring the viewing of natural scenery is a 
frequently implemented application in this design approach (Jones 2012).  

Biophilic design has two basic dimensions. The first basic dimension of 
biophilic design is an “Organic or Naturalistic” dimension, defined as shapes 
and forms in the built environment that directly, indirectly, or symbolically 
reflect the inherent human affinity for nature. Direct experience points out to 
contact with self-sufficient areas outside the scope of human construction 
that are a part of natural environment such as habitats and ecosystems with 
direct sunlight exposure, plants, animals. While indirect experience is an 
expression used for environments that require human input for establishing 
contact with nature such as potted plants, fountains or aquariums. Symbolic 
or vicarious experience is based on the representation of the natural 
environment by symbols, pictures, videos etc. instead of a contact with the 
actual environment. “Space Based or Regional” dimension as the second 
basic dimension of biophilic design is defined as buildings or landscape 
elements that combine the ecology of a certain region or geographical area 
with its culture. This dimension includes what has been called a sense or, 
better, spirit of place, underscoring how buildings and landscapes of 
meaning to people become integral to their individual and collective 
identities, metaphorically transforming inanimate matter into something that 
feels lifelike and often sustains life (Kellert 2008). The two basic dimensions 
of biophilic design can be related with six biophilic design elements which 
appear in over 70 biophilic design attributes (Table 2).  
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Table 2: Elements and Attributes of Biophilic Design (Kellert 2008) 
Environmental 
features 

Natural shapes 
and forms 

Natural 
patterns and 
processes 

Light and 
space 

Place-based 
relationship 

Evolved 
human-nature 
relationships 

Color Botanical 
motifs 

Sensory 
variability 

Natural light Geographic 
connection to 
place 

Prospect and 
refuge 

Water Tree and 
columnar 
supports 

Information 
richness 

Filtered and 
diffused light 

Historic 
connection to 
place 

Order and 
complexity 

Air Animal (mainly 
vertebrate) 
motifs 

Age, change, 
and the patina 
of time 

Light and 
shadow 

Ecological 
connection to 
place 

Curiosity and 
enticement 

Sunlight Shells and 
spirals 

Growth and 
efflorescence 

Reflected light Cultural 
connection to 
place 

Change and 
metamorphosis 

Plants Egg, oval, and 
tubular forms 

Central focal 
point 

Light pools Indigenous 
materials 

Security and 
protection 

Animals Arches, vaults, 
domes 

Patterned 
wholes 

Warm light Landscape 
orientation 

Mastery and 
control 

Natural 
materials 

Shapes resisting 
straight lines and 
right angles 

Bounded 
spaces 

Light as shape 
and form 

Landscape 
features that 
define building 
form 

Affection and 
attachment 

Views and vistas Simulation of 
natural features 

Transitional 
spaces 

Spaciousness Landscape 
ecology 

Attraction and 
beauty 

Façade greening Biomorphy Linked series 
and chains 

Spatial 
variability 

Integration of 
culture and 
ecology 

Exploration and 
discovery 

Geology and 
landscape 

Geomorphology Integration of 
parts to wholes 

Space as shape 
and form 

Spirit of place Information and 
cognition 

Habitats and 
ecosystems 

Biomimicry Complementary 
contrasts 

Spatial 
harmony 

Avoiding 
placelessness 

Fear and awe 

Fire  Dynamic 
balance and 
tension 

Inside-outside 
spaces 

 Reverence and 
spirituality 

  Fractals    

  Hierarchically 
organized 
ratios and 

   

1.4. Biophilic design strategies  
Spatial solutions that contribute to human-nature interaction can be 

developed by way of professional disciplines that operate at different scales 
ranging from the architectural scale to urban design scale as a result of 
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associating sustainability with the concept of biophilia that serves as a 
resource to biophilic design. Alex Wilson (2008) and Sustainable Built 
Environment National Research Centre (SBEnrc) (2012) have determined 
biophilic design strategies at different design scales (Table 3).  

Table 3: Biophilic design strategies (Wilson 2008, SBEnrc 2012) 
Landscape Design and Land Use  
Providing open spaces 
around buildings  

It is important to increase the open, naturalized or 
planted areas around the buildings in order to 
increase contact with nature in addition to 
supporting the ecosystem through the use of natural 
plant cover in these areas.  

Protecting the current 
plant cover and natural 
landscapes  

Protecting the already existing trees and natural 
landscapes during field development and 
construction is the most effective method for 
establishing natural landscapes. Protecting the 
natural ecosystems is oftentimes preferred for 
creating new landscapes.  

Establishing planting 
designs around the 
buildings and creating 
natural environments  

Well-designed landscape areas should be visible 
from the buildings. Highest possible number of 
windows should look the planting designs and 
water elements.  

Establishing passages in 
natural and arranged 
areas  

Walkways and bicycle roads should be established 
along the natural sceneries restored for both 
residential and commercial areas.  

The use of plants instead 
of impermeable surfaces  

The vegetation that enables the rain and snow water 
to melt and seep into the soil is pleasing to the eye 
while also making positive contributions to the 
environment.  

Creating green walls on 
the outer façades of 
buildings  

Green walls help bring nature into the space which 
is important for human-nature interaction.  

Urban agriculture  
 

Hobby gardens, agricultural applications in and 
around the city and urban garden applications 
should be carried out which aid physical and mental 
healing by providing human-nature interaction.  

Green borders  Shading plants placed for supporting the energy 
efficient use of buildings, green streets and avenues 
that create cool passages form green boundaries 
together with green, permeable sidewalks.  
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Green corridors  Green corridors should be formed using sequential 
planting designs that border the vehicle roads and 
pedestrian walkways.  

Waterways  It is important to make use of the soothing and 
relaxing effect of water by establishing natural and 
artificial (constructed) wetlands, ponds and lakes, 
swales integrated to vegetated rainwater 
management and drainage corridors  

Building Design  
Ensuring a view of 
nature  

Windows should be designed and placed so as to 
enable easy viewing of the exterior.  

Establishing a passage 
between interior and 
exterior space  

Living and working areas should open out to 
external spaces such as terrace, courtyard, balcony 
and gazebo where possible. Passages should be 
made to ensure that these areas are used.  

Avoiding the obstruction 
of the view  

The view should not be obstructed when designing 
glass systems, deck rails and all other factors which 
can have an impact on the natural scenery.  

Providing high levels of 
sunlight  

Areas where there are rhythmic flashes and 
shadows throughout the day with the use of glass 
surfaces that provide a practical viewpoint for 
enjoying the external space.  

Providing useful 
windows  

Residents should be able to have access to plant 
scents and natural air from their windows when 
they desire to.  

Providing green roofs  Low slope roofs should be transformed into green 
(vegetative) roofs and both visual and physical 
access should be provided to these roofs.  

Vegetating atriums and 
interior spaces  

The main idea behind vegetating atriums is to 
ensure that people can rest inside by pushing nature 
into the buildings. It is observed that the atriums in 
hospitals encourage recovery and reduce stress. 
Atriums in large buildings can sometimes cover 
more than one floor. Walkways should be arranged 
in atriums.  

The use of green walls 
and similar systems for 
improving the quality of 
air and water in the 
buildings  

Green wall systems remove the pollutants in the air. 
Living systems are integrated in some buildings for 
waste water treatment.  
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Incorporating elements of 
water into the buildings  

Water elements may provide both visual and 
acoustic benefits.  

Creating a sense of 
variety in building 
design (building façade 
and use of interior space)  

Providing different spatial resources by ensuring 
variety inside the structure is the most important 
element of biophilic design.  

Taking into consideration 
both spaciousness and 
closed spaces in building 
design  

As is the case in majority of Frank Lloyd Wright’s 
buildings, closed spaces (more limited spaces with 
lower ceilings) can be formed that mimic open 
spaces (open, daily areas).  

Using organic forms in 
buildings  

Shapes and forms that mimic nature can be used to 
add depth and variety.  

Interior Space Design 
The use of potted plants 
in interior spaces  

The use of potted plants as part of the design 
strategy for interior spaces will help the users 
establish close contact.  

Providing natural 
materials and the art of 
nature in spaces  

Natural construction materials (wood, stone etc.) 
and landscape pictures can be used especially when 
nature cannot be brought to this area.  

Creating office/working 
spaces that provide a 
view of natural sceneries 

Desks should be positioned such that the workers 
can see the windows while comfortably benefitting 
from natural light and other biophilic aspects.  

Emphasizing biophilic 
elements as a part of 
interior space  

Using signboards and other indicators that explain 
the biophilic elements and their functions is 
important for management and understandability.  

Biophilic design patterns should be scaled based on the external 
environment and the user population predicted for the area. Patterns can be 
applied in a micro area, a room, a building, a neighborhood or campus and 
even the whole region or city. Each of these areas will provide different 
design opportunities subject to programming, user types and dynamics, 
climate, culture and various physical parameters and the current or required 
infrastructure (Browning et al. 2014).  

The theoretical framework for sustainable university campus, UI 
GreenMetric as the assessment system related with sustainable university 
campus, biophilia, biophilic design and biophilic university campus were put 
forth during the study for examining the Bartın University, Kutlubey campus 
selected as the study area within the scope of biophilic university campus 
and biophilic design strategy principles. In this context, the assessments on 
the biophilic university campus potential of the study area were conducted 
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at different design scales with regard to biophilic design strategies such as 
landscape design and land use, building design and interior space design. 

2. MATERIALS AND METHODS 

2.1. Study area 
Bartın University has 4 campuses which are Ağdacı, Kutlubey, Ulus and 

Kurucaşile (Anonymous 2018). Bartın University gives importance to the 
subjects of education, research and social responsibility, environmental 
awareness and sustainability along the “Sustainability Environment” axis 
and operates with the aim of being a “Green Campus”. Kutlubey Campus 
was selected as the study area. The campus has wastewater treatment 
facilities which are operated at high efficiency. Water savings program and 
water recycling programs are developed for the efficient use of water 
resources and the prevention of their wastage. A pond has been formed at 
the Kutlubey campus via rain harvesting and this water resource is used for 
the irrigation of green areas. The Pond Project has also started housing many 
different living things. It has become biologically rich as different species of 
living beings have started accommodating in and around the pond (Bartın 
University Sustainability Report 2018-2019).  

Bartın University is ranked 16 among 43 universities in the IU 
GreenMetric Turkey 2019 ranking (URL-3).  

The common use areas for campus residents can be taken into 
consideration under two main headings (Büyükşahin Sıramkaya and Çınar 
2012):  

 • Educational areas, offices (administrative/academic) and spaces used 
for meeting the basic needs  

 • Recreational areas (sports facilities, cultural facilities and open and 
green space arrangements)  

2.2. Method 
In the research, at the Bartın University Kutlubey Campus with an 

innovative spatial design understanding within the framework of a biophilic 
university campus approach through i) landscape design and land use ii) 
carrying out assessments for biophilic design strategies at the building and 
interior space design scale, iii) suggestions were developed during the study 
for the goals of contributing to the quality of life of the users and the 
attainment of spatial quality in campuses within the context of innovative 
spatial design for landscape design and land use with the buildings that are 
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already under construction and those that will be built in the future.  
On site assessments were conducted at the faculty buildings, classrooms 

and the library in the campus in order to put forth the current situation and 
photographs were taken. Offices were selected from the office photographs 
by way of random selection method.  

3. ASSESSMENT OF THE STUDY FOR DIFFERENT DESIGN 
SCALES WITHIN THE SCOPE OF BIOPHILIC UNIVERSITY 
CAMPUS 

3.1 Landscape design and land use  
The study area, educational areas and recreational areas were considered 

together at the landscape design and land use scale within the context of 
biophilic university campus (Figure 2).  

Assessments were made for the Bartın University Kutlubey Campus 
with regard to the design scale for landscape design and land use subject to 
biophilic design strategies. In this scope, the current vegetation around the 
buildings of the Bartın University Kutlubey Campus and the new 
afforestation works conducted for preserving the natural landscape support 
the ecosystem by increasing the planted areas. The planting designs around 
the buildings and ensuring that the large number of windows on the faculty 
and classroom buildings looks these planting designs are important for 
providing these natural effects. Passages established on the natural and/or 
arranged areas along with pedestrian walkways and bicycle roads provide 
the interaction between these forms of use. Permeable surfaces have been 
formed instead of impermeable surfaces by ensuring through the vegetation 
that the surface water seeps into the soil. In this regard, inputs are provided 
to the water economy with regard to urban ecology. Shadow plants have been 
placed for supporting the energy efficient use of buildings in addition to the 
new trees planted in the campus and the sequential planting designs along 
the pedestrian walkways and there are also efforts underway for establishing 
green corridors. A pond integrated with the rainwater management system 
has been formed within the scope of the criteria related with waterways in 
the campus. The pond is also used to provide irrigation water to the campus 
in addition to its visual impact. 
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Figure 2: General views from the Kutlubey Campus (Original, 2020) 

3.2. Building and interior space design  

The study area was taken into consideration as educational areas, office 
spaces (administrative/academic) and commonly used spaces within the 
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context of biophilic university campus. The office spaces photographed were 
selected randomly (Tables 4-8 and 9). 

Table 4: Evaluation of Faculty of Engineering, Architecture and Design - 
Faculty of Science in terms of building and interior space design 

Faculty of Engineering, Architecture and Design - Faculty of Science 

  
- Ensuring a view of nature 
- Avoiding the obstruction of the view 
- Providing high levels of sunlight 
- Providing useful windows 
- Creating a sense of variety in building 

design (building façade and use of interior 
space) 

- Avoiding the obstruction of the view 
- Providing high levels of sunlight 
- Vegetating atriums and interior spaces 
- Establishing spaciousness in addition to a 

healthy working/resting area in building 
design 

   
- Avoiding the obstruction of 

the view 
- Providing high levels of 

sunlight 
- Vegetating atriums and 

interior spaces 
- Establishing spaciousness in 

addition to a healthy 
working/resting area in 
building design 

- Creating a sense of variety in 
building design (building 
façade and use of interior 
space) 

- Ensuring a view of 
nature 

- Avoiding the 
obstruction of the 
view 

- Providing high levels 
of sunlight 

- Providing useful 
windows 

- Ensuring a view of nature 
- Avoiding the obstruction of 

the view 
- Providing high levels of 

sunlight 
- Providing useful windows 
- Establishing spaciousness in 

addition to a healthy 
working/resting area in 
building design 

- Creating office/working 
spaces that provide a view of 
natural sceneries 
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Table 5: Evaluation of Faculty of Sports Sciences in terms of building and 
interior space design 

Faculty of Sports Sciences 

   
- Ensuring a view of nature  
- Avoiding the obstruction of 

the view  
- Providing high levels of 

sunlight  
- Providing useful windows 
- Creating a sense of variety in 

building design (building 
façade and use of interior 
space) 

- Providing high levels of 
sunlight  

 

- Ensuring a view of 
nature  

- Avoiding the 
obstruction of the 
view  

- Providing high levels 
of sunlight  

- Providing useful 
windows 

   
- Ensuring a view of nature  
- Avoiding the obstruction of 

the view  
- Providing high levels of 

sunlight  
- Providing useful windows  
- Establishing spaciousness in 

addition to a healthy 
working/resting area in 
building design 

- Creating office/working 
spaces that provide a view 
of natural sceneries 

- Ensuring a view of nature  
- Avoiding the obstruction 

of the view  
- Providing high levels of 

sunlight  
- Providing useful windows  
- Vegetating atriums and 

interior spaces 
- Establishing spaciousness 

in addition to a healthy 
working/resting area in 
building design 

- Creating office/working 
spaces that provide a view 
of natural sceneries 

- Ensuring a view of 
nature  

- Establishing a passage 
between interior and 
exterior space  

- Avoiding the 
obstruction of the 
view  

- Providing high levels 
of sunlight  

- Providing useful 
windows  
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Table 6: Evaluation of Faculty of Literature - Faculty of Education - Faculty 
of Islamic Sciences in terms of building and interior space design 

Faculty of Literature - Faculty of Education - Faculty of Islamic 
Sciences 

  
- Ensuring a view of nature  
- Avoiding the obstruction of the view  
- Providing high levels of sunlight  
- Providing useful windows 

   
- Avoiding the obstruction of the view  
- Providing high levels of sunlight  
- Vegetating atriums and interior spaces  
- Establishing spaciousness in addition to a healthy 

working/resting area in building design 
- Creating a sense of variety in building design 

(building façade and use of interior space) 
 

- Ensuring a view of nature  
- Avoiding the obstruction of 

the view  
- Providing high levels of 

sunlight  
- Providing useful windows  
- Vegetating atriums and 

interior spaces  

  
- Ensuring a view of nature  
- Avoiding the obstruction of the view  
- Providing high levels of sunlight  
- Providing useful windows  
- Establishing spaciousness in addition to a healthy working/resting area in building 

design 
- Creating office/working spaces that provide a view of natural sceneries 
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Table 7: Evaluation of Kutlubey Campus Library in terms of building and 
interior space design 

Kutlubey Campus Library  

   
 
- Ensuring a view of nature 
- Avoiding the obstruction of the view 
- Providing high levels of sunlight 
- Providing useful windows 
- Creating a sense of variety in building 

design (building façade and use of interior 
space) 

 
- Ensuring a view of nature  
- Avoiding the obstruction of the view  
- Providing high levels of sunlight  
- Providing useful windows  
- Establishing spaciousness in addition to 

a healthy working/resting area in 
building design 

- Using organic forms in buildings  
- Creating office/working spaces that 

provide a view of natural sceneries  
- Creating a sense of variety in building 

design (building façade and use of 
interior space 

   
- Ensuring a view of nature 
- Avoiding the obstruction of the view  
- Providing high levels of sunlight  
- Providing useful windows  
- Establishing spaciousness in addition to a healthy working/resting area in building 

design 
- Using organic forms in buildings  
- Creating office/working spaces that provide a view of natural sceneries  
- Creating a sense of variety in building design (building façade and use of interior space) 
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Table 8: Evaluation of Kutlubey Campus Quantitative Classrooms in terms 
of building and interior space design 

Kutlubey Campus Quantitative Classrooms 

  
- Ensuring a view of nature  
- Avoiding the obstruction of the view  
- Providing high levels of sunlight  
- Providing useful windows 

   
- Ensuring a view of nature  
- Avoiding the obstruction of the view  
- Providing high levels of sunlight  
- Providing useful windows  
- Establishing spaciousness in addition to a healthy working/resting area in building 

design 
- Creating a sense of variety in building design (building façade and use of interior space) 

   
- Ensuring a view of nature 
- Establishing a passage 

between interior and 
exterior space  

- Avoiding the obstruction 
of the view  

- Providing high levels of 
sunlight  

- Providing useful windows 

- Ensuring a view of nature  
- Avoiding the obstruction of the view  
- Providing high levels of sunlight  
- Providing useful windows  
- Establishing spaciousness in addition to a healthy 

working/resting area in building design 
- Creating office/working spaces that provide a view of 

natural sceneries 
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Table 9: Evaluation of Kutlubey Campus Verbal Classrooms in terms of 
building and interior space design 

Kutlubey Campus Verbal Classrooms  

   
 
 

- Ensuring a view of nature  
- Avoiding the obstruction of the view 
- Providing high levels of sunlight  
- Providing useful windows  
- Creating a sense of variety in building design 

(building façade and use of interior space) 

- Avoiding the obstruction of the 
view  

- Providing high levels of sunlight  
- Establishing spaciousness in 

addition to a healthy 
working/resting area in building 
design 

- Creating a sense of variety in 
building design (building façade 
and use of interior space) 

  
- Ensuring a view of nature  
- Establishing a passage between interior 

and exterior space  
- Avoiding the obstruction of the view  
- Providing high levels of sunlight  
- Providing useful windows  
 

- Ensuring a view of nature  
- Avoiding the obstruction of the view  
- Providing high levels of sunlight  
- Providing useful windows  
- Establishing spaciousness in addition to a 

healthy working/resting area in building 
design 

- Creating office/working spaces that 
provide a view of natural sceneries 
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4. CONCLUSIONS AND DISCUSSION 
Assessments were conducted at the Bartın University Kutlubey Campus 

at the building and interior space design as well as landscape design and land 
use scales within the framework of biophilic university campus with the 
innovative spatial design understanding (Tables 10,11).  

Table 10: Assessment of Bartın University Kutlubey Campus with regard to 
landscape design and land use as biophilic design strategy  

Bartın University Kutlubey Campus  

La
nd

sc
ap

e 
D

es
ig

n 
an

d 
La

nd
 U

se
 

Providing open spaces around buildings   

Protecting the current plant cover and natural landscapes   
Establishing planting designs around the buildings and creating 
natural environments   

Establishing passages in natural and arranged areas   

The use of plants instead of impermeable surfaces   

Creating green walls on the outer façades of buildings   

Urban agriculture   

Green borders   

Green corridors   

Waterways (lake, ponds etc.)   

 Present   Not present 

As can be seen in Table 10, Bartın University Kutlubey Campus meets 
many criteria with regard to landscape design and land use as biophilic 
design strategy. The study area displays strong aspects with regard to 
biophilic design strategy regarding the presence of open spaces and arranged 
spaces, corridors and the presence of water surfaces around the buildings. In 
addition, greening of the building façades and applications for supporting 
urban agriculture should also be present at the Kutlubey Campus.  
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Table 11: Assessment of the faculty, library and classrooms at the Bartın 
University Kutlubey Campus with regard to building and interior space 
design as biophilic design strategy  

Bu
ild

in
g 

an
d 

In
te

ri
or

 S
pa

ce
 D

es
ig

n 

 

Fa
cu

lty
 o

f E
ng

in
ee

ri
ng

, 
A

rc
hi

te
ct

ur
e 

an
d 

D
es

ig
n,

 
Fa

cu
lty

 o
f S

ci
en

ce
 

Fa
cu

lty
 o

f S
po

rt
s 

Sc
ie

nc
es

 

Fa
cu

lty
 o

f L
ite

ra
tu

re
, 

Fa
cu

lty
 o

f E
du

ca
tio

n,
 

Fa
cu

lty
 o

f I
sl

am
ic

 S
ci

en
ce

  

Li
br

ar
y 

Q
ua

nt
ita

tiv
e 

C
la

ss
ro

om
s 

V
er

ba
l C

la
ss

ro
om

s 

Ensuring a view of 
nature       
Establishing a 
passage between 
interior and exterior 
space 

      

Avoiding the 
obstruction of the 
view  

      

Providing high 
levels of sunlight        
Providing useful 
windows        
Providing green 
roofs        
Vegetating atriums 
and interior spaces        
The use of green 
walls and similar 
systems for 
improving the 
quality of air and 
water in the 
buildings  

      

Incorporating 
elements of water 
into the buildings  

      

Creating a sense of 
variety in building 
design (building 
façade and use of 
interior space) 
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Establishing 
spaciousness in 
addition to a healthy 
working/resting area 
in building design 

      

Using organic forms 
in buildings        
Providing natural 
materials and the art 
of nature in spaces  

      

Creating office/ 
working spaces that 
provide a view of 
natural sceneries 

      

Emphasizing 
biophilic elements as 
a part of interior 
space 

      

 Present    Not present 

As can be seen in Table 11, the faculties, library and classrooms at the 
Bartın University Kutlubey Campus were examined with regard to building 
and interior space design as biophilic design strategy. It was observed that 
the study area has sufficient number of windows at sufficient dimensions that 
enable a look at nature in addition to establishing human-nature interaction 
and increasing the visibility of external space. Dominance of the landscape, 
making use of natural light, avoiding the obstruction of the view, establishing 
a visual relation between the interior and exterior space are among biophilic 
design strategies that stand out as complementary aspects of the spatial 
organization. In addition, it was determined that there is a need to use green 
roofs and walls, natural materials and water elements in addition to 
emphasizing biophilic elements in buildings and interior spaces. The 
incorporation of these applications to the buildings already under 
construction as well as the buildings to be constructed in the campus in 
addition to integrating them to already existing buildings with enhancing 
designs are of special importance with regard to establishing spatial quality 
at the campuses and contributing to the quality of life of the users. Passages 
in exterior and interior spaces in the buildings and interior space designs in 
the study area, the use of plants in exterior spaces and the organic forms used 
in the buildings are determinant factors as biophilic design strategy. In this 
regard, applications that encourage and strengthen designs that enable the 
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passages between exterior and interior spaces, establishment of the green 
interfaces that will enable this passage, use of plants in interior spaces and 
the use of organic forms in building designs, those under construction or 
those to be constructed in the future should be popularized.  

Sunlight applications are among the most frequently used 
environmental attributes used at the spatial scale in the study area from 
among the biophilic design elements and attributes. Wide windows and roof 
skylights have been used frequently in buildings of the Kutlubey Campus. 
Hence, positive contributions can be made in building a sustainable, smart 
and biophilic university campus by increasing the visual comfort of 
buildings, acquiring maximum benefit from sunlight in both the vertical and 
horizontal axes and reducing energy consumption via the use of sunlight for 
lighting purposes.  

Bartın University is included in the GreenMetric Turkey listing which is one 
of the sustainable university campus assessment systems. In this context, various 
applications important from the perspective of sustainability criteria are 
underway at the Kutlubey Campus. The pond formed by rainwater control 
providing an effective use of water and energy is one of these applications and it 
is used for the irrigation of green areas in the campus. The biophilia hypothesis 
which also forms the foundation of the biophilic university campus concept 
asserts that the human-nature interaction is possible by the maximum integration 
of nature into our daily lives. The pond application has led to the formation of a 
recreational area that is relaxing and climatically refreshing for the users with its 
rich flora and fauna as well as wide water surface thereby resulting in a space 
that plays an important role in the human-nature interaction in the campus.  

The planning and construction activities are ongoing for the Bartın 
University Kutlubey Campus education and social centers. On that note, 
ensuring variety in structures used for education, teaching, research and 
providing social environments thus creating different spatial facilities are among 
the goals of creative and innovative campus design understanding. The use of 
closed, permeable and semi-permeable spaces attained through the use of 
passages via different green interfaces built for this purpose and the variation to 
be formed with the use of different plants and materials are of significant 
importance with regard to biophilic university campus potential. The 
suggestions developed within the context of innovative spatial design will 
support the already existing biophilic university campus attributes of the study 
area while also improving and leading the way for the already ongoing/planned 
applications.  
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INTRODUCTION 
Children's playgrounds are the parks used by children aged 0-12. The 

impact areas of these parks are a few streets of the neighborhood and are 
generally made to places that will not be exposed to vehicle traffic. The 
standards of children's playgrounds are determined as follows; effective 
service area radius is 200-600 meters, size per person is 4 decares (da), ideal 
size is 8 -16 da (Polat, 2001). 

Open playgrounds are considered important for children's physical, 
cognitive and socio-emotional development (Bento and Dias 2017, 
Stanton-Chapman and Schmidt, 2018). Nowadays, children's playgrounds 
are located in some of the schoolyards (areas outside the parking lot), in small 
areas trapped between buildings, rarely in large park and garden areas. It is 
foreseen to make designs according to the physical condition of the children 
in the playgrounds. Care should be taken to find suitable areas for obesity, 
disability, traditional-contemporary playgrounds and general physical 
activity activities. Social and emotional interventions are common themes for 
playgrounds. Designs are restricted in playgrounds due to the consideration 
of the prices of plant materials to be used in the selection and design of tools 
and equipment suitable for children. 

Creating healthy, sustainable, livable and high-visual environments, 
designing and implementing playgrounds for children to make an important 
contribution to future generations is a must for the city. Considering the 
positive effects of children's playgrounds on children, the design, planning 
and implementation of the area in a sustainable order provides a positive 
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effect on the development of that city. Nowadays, the number, size and 
quality of children's playgrounds, which remain as small areas in cities are 
decreasing day by day, where decreasing or destroyed green areas, 
increasing traffic density, unplanned and skewed urbanization dominate.  

It is a desirable feature that the playground is accessible and sufficient, 
that it includes green spaces, is designed not to be far from the residential 
areas, and that there are areas with equipment for the needs of children age 
groups. The use of natural or naturally matched materials (wood materials) 
is considered to be important in the equipment. In the design, artificial hills, 
climbing areas at elevations with ropes suitable for the age group and 
creating activity panels play a unique role in the development of children. 
The features that should be considered in the playgrounds designed for 
children in the urban environment can be listed as follows:  

• Suitable playgrounds to meet children's physical activity needs 
• Integration of suitable areas for healthy and disabled children,  
• Accessible playgrounds should be designed,  
• Creation of natural areas, 
• Appropriate plant design, 
• Tools and equipment must be compatible.  
In this study, various children's playgrounds were analyzed and 

discussed. The subject of this discussion is the design of the playgrounds, 
their problems and the necessary legal directives and regulations are 
examined. As a result, considering the research findings of the studies, a 
different vision has been tried to be created for the playgrounds.  

Legal Regulations 
In many countries in the world and in Turkey, laws and regulations have 

been brought to the agenda in order to create safe spaces for families and 
children, as well as providing physical conditions for children's playgrounds. 
It is seen that the regulations of children's playgrounds in Turkey are not at 
a sufficient level compared to other developed and developing countries.  

According to the Regulation of Preschool Education and Primary 
Education Institutions of the Ministry of National Education dated July 26, 
2014 and numbered 29072; “In preschool children, it is essential to find a 
playground and a yard and arrange it in accordance with its purpose in order 
to carry out educational activities in a healthy, suitable and safe 
environment”. 

“In primary education institutions, by using environmental opportuni-
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ties for students to play and play sports activities, equipment suitable for 
activities such as sandbox, volleyball, basketball courts and activities such as 
hanging, climbing, balance, jumping are provided”, “Periodic maintenance 
and repair of playgrounds and equipment are done at least once a year”.  

In Article 91 arranged within the scope of the application yard; 
“Agricultural studies and trials are carried out in schools where the yard is 
suitable, ornamental plants and trees are planted, grass fields are arranged”, 
“Fruit trees are planted in appropriate areas in the application gardens of 
schools in the villages. Beekeeping, poultry, greenhouse cultivation and 
organic vegetable and fruit production can also be done” statements are 
included. 

When Article 14 is examined within the scope of the Regulation on the 
Amendment to the Planned Areas Type Zoning Regulation of the Ministry of 
Environment and Urbanization dated June 1, 2013 and numbered 28664; 
“Open seating places, even if the edges are covered with wind break glass 
panels, with removable and removable lightweight material, children's 
playgrounds, at least one side is open; porches, open buffets, outdoor 
swimming pools, jumping towers, pergolas and pavilions” are mentioned to 
be necessary. 

When Spatial Plans Construction Regulation No. 29030 dated 14.06.2014, 
Article 12 is examined, the following information about the distances of the 
playgrounds was obtained.  

 (1) Planning of walking distances in zoning plans is done according to; 
The reach of the population in the service domain of education, health and 
green areas is planned taking into account the topography, housing, density, 
existing texture, natural and artificial thresholds. If the points specified in this 
paragraph are appropriate, the minimum walking distances in the second 
and third paragraphs are complied with. 

(2) In the zoning plans; children's playgrounds, outdoor sports area, 
family health center, nursery, kindergarten and primary school functions are 
approximately 500 meters, secondary schools are approximately 1,000 
meters, and high schools are approximately 2,500 meters, considering the 
distance the service that can be reached on foot can be planned in the domain. 

In Turkey, when the size of the playgrounds is compared to other 
countries, it is considered as a “Children's Garden” and the area needs vary 
according to many city planners. In multi-story (apartment) residential areas, 
it is advocated that the playground should not be less than 1000 m2, according 
to some researchers, it is recommended that the smallest playground should 
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not be smaller than 250 m2 and it should expand to 250-1000 m2 as the 
settlement grows (Uzun, 1993).  

In the zoning law published in the Official Gazette numbered 23804 
dated September 2, 1999, it was determined that approximately 2,114 m2 
children's playground per person was foreseen considering the green area of 
10 m2 / person. (Yılmaz and Bulut, 2002). 

In the study of Özhelvacı and Özer (1997), the playground distances of 
children according to their age groups are given in Table 1.  

Table 1. Required areas and distances of children's playgrounds according to 
different age groups 

Age 
group 

Required area Distance to residency 

0-2 
Up to 10 m2 for mother and 
child  

Around 30 m  

3-6 

2 m ² per house 
In school areas, per student:  
3 m² yard, 1 m² open air 
classroom,  
1 m² education garden 4 m² 
planted area  

Around 30-70 m  

7-11  Up to 350 m 

12-15 
14 m² per house (with green 
area)  

Up to 350 m  

16-20 
 Outside the city or in the 

immediate vicinity 

In addition, for family and child safety in European countries, in school 
and children's playgrounds; (a) American disability law 1990 and (b) 
accessibility to playgrounds (c) public domain security handbook (Safe 
consumer) (d) Legal regulations have been made for the standard consumer 
safety specification of playground equipment for human use. The purpose of 
the safety manual is to provide information that uses mobility devices 
(wheelchairs, walking equipment) to access playing equipment, and prevents 
life-threatening hazards that reduces injuries to all children.  

Children playgrounds should generally be adjusted with accessible 
ramps or sidewalks, barrier-free walkways compatible and equipment such 
as climbing, sliding, swinging should be at an appropriate level from the 
ground. Ground height levels of game components (individual sliding, 
standing swing) should be designed appropriately. 
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Playground Equipment and Designs 
Equipment used in playgrounds is designed to appeal to the age group 

of children. In the application areas, it is preferable to use activity panels 
according to the age groups in order to make a difference in the application 
stage and attract their attention according to the special situation of the 
children. The use of activity panels is possible during transportation to 
playground equipment or entering the area (Figure 1). Activity panels are 
panels with a variety of activities that allow a wheelchair child to stretch 
reasonably to touch, manipulate, move or interact with an object or game 
component on his/her arm or hand. (ex. Tic tac toe, rotating wheels). 

  

Figure 1. Activity panels 

Equipment that cannot be used without family members (sliding and 
climbing areas higher than the ground) is not preferred by children. 
Equipment with swing, musical instrument playground, harpoon, adjustable 
carousel, and ramp areas in the children's playground are considered 
appropriate (Figure 2).  

  
Figure 2. Play equipment 

The design and application area of all products should be approached 
with an integral design that every child can use at any age, regardless of their 
status, regardless of their physical condition (age, length) skills and abilities. 
Designs that are made by thinking of healthy children are incompatible with 
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real life and it is possible for real conditions to be incompatible. The 
designers, who adopt and apply the universal design approach that includes 
designs suitable for every child, offer solutions with a holistic approach by 
developing suggestions that will minimize user problems and create areas 
with the required features, by examining user status and features. Within the 
framework of the universal design, spaces are created for each child to spend 
time with, as well as places to play. 

Equal Equitable Universal 
design 

 

 
 

 
Figure 3. Universal design playground 

It is desirable to create 
universal designs for each 
child (with or without 
disabilities), rather than 
achieving the usability of the 
field by those who design and 
manufacture playground 
equipment for children's 
playgrounds. Universal 
design should be areas that 
are compatible with nature. 
Care should be taken to use 
natural elements in the design 
of children's playgrounds and 
equipment (Figure 4). 
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Figure 4. Playgrounds Compatible with Nature 

It is important to increase biodiversity in certain areas for sustainable 
playgrounds by placing bird's nest boxes, placing wild flowers areas, 
choosing different types of plants according to their leaves, creating habitats 
such as various planting and improving the natural environment in order to 
give children the pleasure of natural environment (Anonymous, 2012). These 
uses will contribute to children's recognition of nature. 

Disruption of nature is worrying for the whole world. Since people get 
to know and start protecting nature at a young age, it will be correct to start 
from children's playgrounds, which is one of the places that children use 
more to help protect and recognize nature. In order to create natural or close-
to-nature areas in children's spaces, many studies have been carried out that 
landscape designs have a positive effect on child development, whether 
natural or built. Therefore, it is important to plan and design plant species to 
be used in the children's playgrounds. 

The Importance of Plant Design in Children Playgrounds 
Plant design consists of the science, art and natural events. Plant design 

is the most accurate, most effective and continuous relationship between 
science and art, human and nature. For this reason, it is an art to be able to 
create the best effect thanks to the aesthetic, functional, ecological and 
symbolic use of plants in the design to be created with plants (Tarakcı Eren 
E. and Var M. 2016).  

In the selection of plant species, which are the main building blocks of 
landscape design, the ecological features of the plants, their functional 
functions, place of use and purpose are of great importance. Especially 
during plant design, it will enrich the space by softening the hard lines of the 
materials, repairing the destruction in the vegetation existing in the area, 
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giving it an aesthetic appearance, preventing or minimizing the damage to 
the children and creating visually attractive areas.  

Children's Playgrounds and Plant Design 
According to written sources, the first children's playground was 

registered in the 19th century, and the playground represents a pedagogical 
space shaped around the game. According to this conceptualization, a 
description of a place is made in which teachers participate in traditional play 
activities with students, small pieces of wood are used, and educational small 
cards are shown to students. The place where the game is played is a place 
with shade trees and fruit trees surrounded by high walls (Moore 2006). 

Plant selection is especially important in landscape design in 
playgrounds. The design should be special with grass, groundcovers, trees, 
bushes, especially in playgrounds.  

The most important element in landscape design is the plant. Some 
problems may occur when the climate and soil properties and the usage area 
of the plant are not considered. It is possible to count the effects as; field of 
view closure, drying, affecting other plant growth, etc.  

Plants such as poisonous Nerium oleander (Oleander) and thorny Ilex 
aquifolium (Shepherd tassel) are not suitable for use in playgrounds. In 
addition, the height of coarse-textured fence plants should not be more than 
child size, so that children can be observed. (Yılmaz and Bulut, 2002).  

The plants with thorns: Pyracantha coccinea (Fire Thorn), Berberis 
thunbergi, Mahonia aquifolium should not be preferred due to the thorns in 
children's playgrounds.  

Plant designs should be made taking into account the climatic conditions 
and environmental conditions of the region. For example, in children's 
playgrounds designed in areas close to traffic areas, it may be possible to take 
measures with hedge plants such as Ligustrum sp., Thuja sp., Euonymus sp. The 
concept of creating space in plant selection should be considered. Transitions 
can be prevented or appropriate transitions can be provided by means of 
plants between designated places. In very hot regions, designs should be 
made in such a way to be protected from sunlight in the summer season and 
to benefit from sunlight in spring and autumn. Plant types that may be 
suitable for use in children's playgrounds according to the functional 
characteristics of plants are given in Table 2. 
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Table 2. Plants that can be used in children's playgrounds 
Plants that can be used for shade 
purposes: 

 

Flowerless Flowering  Bushes Groundcovers 
Acacia pendula Catalpa 

bignonioides 
Buxus 
sempervirens 

Ajuga reptans 

Aesculus 
hippocastanum  

Cercis siliquastrum Cistus laurifolius Aptenia 
cordifolia  

Betula pendula Jacaranda 
mimosifolia 

Chaenomeles 
japonica 

Carpobrotus 
edulis 

Carpinus sp Paulownia 
tomentosa  

Cornus mas Cerastium 
tomentosum 

Fagus sylvatica Prunus serrulata Cotoneaster sp.  Hedera helix 
Fraxinus 
excelsior 

Malus floribunda Euonymus sp. Sedum sp. 

Gingko biloba Tilia tomentosa Forsythia 
intermedia 

Vinca minor 

Picea sp.  Juniperus sabina Viola odorata 
Platanus 
orientalis 

Juniperus 
virginiana 

 

Salix babylonica Laurus nobilis 
Ulmus glabra Ligustrum sp. 
 Pittosporum tobira 

Thuja orientalis 
 
Children's playgrounds generally consist of tools and equipment for 

children. In the areas created for children, examples of the areas designed 
suitable for plant design are given in Figure 5.  
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Figure 5. Suitable playgrounds for planting (Anonymous, Undated) 

As shown in the figure, the transitions between departments will be 
more aesthetically pleasing with the appropriate plant designs, and it will be 
possible for children to integrate with nature.  

RESULTS 
As a result, the examples of children playgrounds abroad and laws-

regulations were emphasized. It is necessary to ensure the continuity of 
children's playgrounds and to consider the age and physical conditions of the 
children. In children's playgrounds, instead of hard materials (asphalt, 
concrete, gravel, etc.), softer materials (such as rubber and wood shavings 
that will absorb speed) and plant designs should be used in order to prevent 
children from harming them during falling, while the materials used are 
wooden.  

In addition, the fact that the materials and playgrounds in the children's 
playgrounds appeal not only to a development area, but also to many 
development areas, and that children of different age groups can play 
together safely is an important factor in reaching the purpose of the game 
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streets. (Artan et al. 2017). 
To ensure the continuity of the usage areas of children's playgrounds, 

materials that can withstand pressure due to continuous use should be 
selected. In order to increase the attractiveness of the area and create different 
environments in the playgrounds, it should be possible to create elevation 
differences on the ground around the area. When designing a playground in 
open spaces, it is necessary to satisfy children's aspirations to nature, to 
design natural areas (artificial hills, playgrounds made of non-use trees), 
while taking into consideration the standards regarding the subject and to 
include children in the design process. 

Care should be taken to ensure that the plants to be used in the 
playgrounds are natural, that there are no sharp leaves with needles, that 
there are no poisonous plants, and that there are no plant species that have 
bee-attracting flowers. It is important to have plants with varying colors and 
blooms according to the seasons, and have diversity. Attention should be 
paid to the selection of natural elements or natural species both in designing 
tools and equipment and in plant design of children's playgrounds. 
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THE TEMPORAL DIMENSION of the LANDSCAPE 

Landscapes have their own order, rhythm and temporality, different 
from human life cycles but in relation to them. For this reason, “duration” 
and especially “life time” should be considered as the core that is the basis of 
landscape biography. Archaeologists, historical geographers, and historians 
have addressed the temporal features of landscape in specific terms such as 
dating, chronology, and organic development (Ingold 1993). Bailey (1983) is 
the first person to discuss the concept of “time” in archaeology. He didn’t 
state that one of the best places that time can take place as practise and theory 
can only be archaeology, in general, he made concrete suggestions to address 
time with archaeological contributions in historical sciences. Bailey (1983) 
focused on two main issues: First, it is the connection between the past 
perceptions of time on the one hand and the way archaeologists perceive time 
on the other. The second, Braudel (1975) put forward that archaeology, as 
well as landscapes’ specific contributions to the history of societies, 
depending on the long term – longue durée – could be further developed by 
the theory of time scales. Braudel’s great work in the Mediterranean has 
inspired important work on the long term development of largely untouched 
landscapes, societies, and other regions and methodological problems related 
to the interaction between time measurement are also identified. In the 1990s, 
landscape theory was gradually removed from those and similar issues in 
order to adapt to the “anthropological” content of the time. By using the 
philosophical insights (phenomenology and hermeneutics) to discover the 
development of ethnographic literature in cultural geography and memory 
(Stewart and Strathern 2003). Some archaeologists have interpreted “time” as 
“experienced in a certain time”. This is the occurrence of time and memories 
with layers / layers of past life worlds (Jones 2007). With this definition, it has 
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been revealed that time, past experiences and space are shaped by an 
undiscovered and unknown dimension of archaeological studies.  

On the other hand, cultural geography and landscape archaeology have 
made their long term studies unsuccessful by rejecting the depth of the 
landscape with its ethnographic focus. At the same time, “memory” has been 
replaced by “prolonged and extended” time in the discourse of the landscape, 
which indicates the heritage point of view. In this respect, landscape 
archaeology was quite late compared to geographical and anthropological 
studies for landscape and heritage (Kolen and Renes 2015). For example, in 
the early 1980s, Cosgrove and Daniels (1988) stated that landscape was 
formed by the objectification of memory by fixing individual and social 
backgrounds in space. Human memory rebuilds instead of undo and the past 
therefore arises from the elaboration of the cultural memory that creates itself 
socially.  

The landscapes contain traces of events having been suppressed, 
forgotten, or not planned to be remembered by common memory and an 
unspecified part of human lives outside the cultural transmission and their 
intensions on the soil under our feet. According to Ingold (2000) landscapes 
tell us a chronological story of life and settlement. It reveals the lives and 
times of our ancestors and previous generations that have been replaced in 
their formations for generations. Therefore, to perceive the landscape is to 
perform the act of remembering and remembering is not to remember an 
inner image in memory, it is more than a perceptual relationship with an 
environment that is literally laden with the past. It is inevitable that this 
meaning attributed to the landscape gives some authority to the landscape 
historians. It is part of archaeological education to see, learn and tell a much 
richer story left behind by us (Ingold 2000). For this reason, current landscape 
studies face new difficulties regarding the new ideas / concepts of time and / 
or temporality, and the implication of new meanings in the depth of time and 
heritage practises. When evaluated from this perspective, the biographical 
approaches created for landscapes and spaces seem promising. Because in 
this way, it is possible to connect social memory with the long term, from 
micro-histories (Hoskins 1998) interact with the physical / material world 
(Küchler 2002). These systems may actually contain very different forms of 
cultural transmission and transformation (Rowlands 1993, Whitehouse 2004) 
and each shape exhibits distinct temporal characteristics at distinctly 
different time scales. Moreover, different tips / reminders can create 
extremely different environmental and ecological processes. For example, in 
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rituals and life cycle ceremonies in New Ireland, different environments are 
created changing rapidly both socially and ecologically by regularly 
destroying the land on which it takes place, settlements and the tomb statues 
called “malanggan” located there (Küchler 1993, 2002). As a matter of fact, 
Küchler (1993) stated that the formation and shaping of the landscape and 
the process of expressing it in ritual and visual presentations cannot be 
separated from the formation of the political economy of memory under 
certain social and historical conditions. This should guide landscape 
historians to do more research on the one hand between the reminder 
systems and the relationship between values and perceived time, and on the 
other hand on the environmental order and ecological changes. In doing so, 
they must overcome the difficulty of linking long-term (longue durée) with 
ethnographically observed temporalities (Ingold 2000).  

Detailed experimental studies and new theoretical perspectives on 
landscape and  

spaces should improve advance our understanding of how landscape are 
formed and how they can change in the future. The temporality of the 
landscapes does not appear in the certain period of time. In addition, the past 
is always “now” in today’s landscape. As stated by Meinig (1979) all 
landscapes include an easily overlooked aspect of “the fact that life should be 
lived right in the middle of what has been experienced”. Since reconstruction 
studies have been carried out by archaeologists and historians, societies have 
linked both emotionally and intellectually with material objects that have 
been intuitively familiar to them in their environment and have existed for 
many generations. The old layers were moved non-linearly, contributing to 
the shaping process of the landscape (Renes 2015). Choices made consciously 
or unconsciously, remembering, forgetting and perceiving, are the shaping 
principles that contribute to the regulation of the living environment. In this 
context, as mentioned earlier, landscape is a process that results from the 
accumulation of human action that continues in an objective environment 
that includes its own history and potential (Kobayashi 1989). Since the 
evaluation of the landscape only with the temporal dimension makes it 
meaningless, the spatial dimension of the landscape should also be examined 
theoretically.  

THE SPATIAL DIMENSIONS of the LANDSCAPE 

According to Von Humboldt (1867), “landscapes are dynamic systems of 
spatial structures”. Landscape are considered dynamic as well as complex 
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structures formed by a large number of spatial heterogeneous components 
(Wu and Marceu 2002, Walz et al. 2015). These spatial heterogeneous 
components emerge non-linearly, interacting with each other over time, 
exhibiting self-organising, path dependency and adaptive features. One of 
the ways to understand spatial heterogeneity is landscape metrics. Metrics 
are very important tools for numerical identification and evaluation of 
statistical methods in many possible quantities of assets (patches) that make 
up landscape structure. Because patches give information about spatial 
arrangements such as landscape structure and horizontal heterogeneity in a 
landscape mosaic (Fahrig 2005). It is assumed that ecological processes and 
functions are strongly interrelated with structural features of landscapes 
(Forman 1995, Turner 2005, Walz et al. 2015).  

3rd Spatial Dimension of Landscape 

The third dimension plays an important role in landscape ecology. Most 
of the methods used until today have been associated with the patch-
corridor-matrix model and the landscapes / landscape structure has been 
evaluated in two dimensions. McGarigal and Cushman (2005) and 
Hoechstetter (2009) describe the three challenges of patch based analysis as 
follows: 

 Depending on the scales of analysis and observation, and there may 
be different ways of defining / determining the patches, 

 In many cases, identification of patches based on a single attribute 
(e.g. land use), 

 Suppression of spatial patch distribution (e.g. vertical vegetation 
structure) leading to loss of information.  

One of the most important bases to know is that the landscape structure 
consists of landscape functions and processes (van Drop and Opdam 1987, 
Turner 1989, McIntyre and Wiens 1999). It is an important key factor for many 
ecological processes, especially topography, erosion, runoff and collection, 
temperature and biodiversity distribution (Swanson et al. 1988, Davis and 
Goetz 1990, Bolstad et al. 1998, Burnett et al. 1998, Blaschke et al. 2004). The 
importance of the third dimension in landscape ecology has been expressed 
by "Troll (1939)" hoping to develop a new science that combines the spatial 
(horizontal) approach of geographers and the functional (vertical) approach 
of ecologists (Farina 1998).Three-dimensional studies in landscape ecology 
have been studied by various researchers with different approaches (Pike 
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2000, Dorner et al. 2002, Lefsky et al. 2002, Bowden et al. 2003, Jenness 2004, 
Sebastiá 2004, McGarigal et al. 2009, Batista et al. 2010). In today’s landscape 
ecology studies, three dimensional landscape metrics are used (Hobson 1972, 
Jenness 2004, Hoechstetter et al. 2006, Hoechstetter et al. 2008, Sang et al. 2008, 
Hoechstetter et al. 2009, Jenness 2010). The study developed by Hoechstetter 
et al. (2008), provided the calculation of standard landscape metrics based on 
real surface geometry and the application of rough variables produced from 
surface measurements, using the relief feature in large-scale landscape 
analysis. Other three-dimensional issues, such as visibility analysis, were 
studied by Sang et al. (2008) Batista et al. (2012). While third dimension of the 
landscape can be demonstrated with values that can be measured and 
calculated, the accuracy and diversification of the calculations made with the 
fourth dimension is possible. 

4th Spatial Dimension of the Landscape 

Time is one of the most important driving forces in landscape ecology 
studies. 

During geosystem, biosystems and social systems, time determines 
landscape heterogeneity, which reveals itself in different patterns and 
functions (Batista et al. 2011). Changing landscapes, especially the change in 
the use of land, results in the change of the landscape structure. While space 
usage changes usually occur on a small scale at the beginning, small changes 
taking place in long-term with cumulative effects under both temporal and 
spatial conditions lead to important results in environmental conditions and 
regional structures (Theobald et al. 1997, McGarigal et al. 2002). Landscape 
metrics have been used for many years to identify, analyse, and evaluate 
changes in field use (Turner and Ruscher 1988, Antrop 2000, Herold et al. 
2002). Because metrics enable the landscape to be compared numerically in 
different situations. The analysis of the landscape pattern also gives a 
qualitative idea for the events underlying processes, potentials and functions 
(Bolliger et al. 2009, Lang et al. 2009, Walz et al. 2015). The different areas 
where landscape metrics are applied in relation to the assessment of the 
landscape change are summarized in Figure 1. 
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Figure 1: Relationship between landscape metrics and landscape change 
(Lang et al. 2009, Walz et al. 2015).  

 

Especially cultural / historical landscapes appear as an example of the 
evolution of human communities and settlements over time, offered by 
physical pressures and / or their natural environment, and successively 
under the influence of social, economic, cultural internal and external forces 
(UNESCO). This concept is dynamic as it is a “long-term” product of 
cultural / historical landscape and scientifically demonstrates the nature-
human interaction process (Fowler 2006). Investigating the change in 
landscape structure with the concept of time aims to answer the following 
questions: 

 How has the landscape structure and land use changes in historical 
time periods / processes? 

 How did these changes affect the ecosystem pattern and biophysical 
processes?  

 Can general trends play a role in determining changes in the use of 
structural space over the next few decades? 

The datasets based on the evaluation of cultural / historical landscape 
structure are formed by combining historical maps and digitised land use 
maps with GIS techniques. These datasets allow spatial and statistical 
evaluation of large-scale time series by associating them with natural and 
spatial criteria (Lang et al. 2009). Although it is quite easy to find all kinds of 
information and documents (especially maps) written / drawn in Europe in 
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the prehistoric and present period, this situation causes difficulties in 
historical landscape planning studies in Turkey. In Europe, as well as easy 
access to the maps used for the historical / temporal analysis of the landscape, 
it is an important issue that it belongs to different time periods when 
comparing these maps. In particular, geometric accuracy (measurement 
errors), different information content, and the scale factor that spatial 
accuracy depends on are among the subjects that need to be analysed 
carefully. The landscape change study at national level can only be used to 
determine statistical purposes and general trends. On a regional scale, the 
general trends of the land use classes can vary according to the particular 
biophysical environment. In particular, it is very important to accurately 
calculate the data of landscape metrics. For this reason, generalisation results 
made on large cartographic scales may distort the results. The study of 
landscape change in the last century should be supported with other 
resources and materials that explain the use of space and its reasons for 
change. For example, additional and useful information included in historical 
landscape definitions, local historical information, street maps, landscape 
pictures and private legal map sections as well as remote sensing data can be 
counted among these sources and materials (Bender 2009, Lang et al. 2009, 
Walz et al. 2015). Evaluating the dimensions of the landscape, including its 
measurable features, in the long-term approach will contribute to the 
emergence of different perspectives.  
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INTRODUCTION 

After the time first cases of COVID-19 emerged in late 2019 in Wuhan, 
China, no one could have imagined that it would soon become a pandemic 
recognised by the World Health Organization (WHO). Today the virus has 
spread around the world and this invisible –organism at the edge of life- has 
forced people to stay in quarantine and social isolation globally. These sorts 
of pandemics are often perceived by many as a -war of nature against 
humanity -(Rybicki 1990). However, while sociopolitical dogma gets played 
out amongst nations, many problems caused by our intense human activities 
such as climatic change, over-extraction of natural resources have slowed due 
to the virus, and nature has been allowed a respite. 

This situation presented by the current pandemic is an exciting snapshot 
into testing and reconfiguring our concepts of sustainability. Originally 
brought to the fore 33 years ago with the Brundtland Report, the concept of 
sustainability has been underlined by different branches of science for years, 
becoming even more relevant today. 

"Balancing environmental protection and social responsibility with a 
healthy economy over time" is the main concept of most sustainability 
definitions to date (URL 1). The idea of sustainability is highly contingent 
upon cultural and natural characteristics. Therefore, even though the term 
has universal use, an agreement on the application of the definition amongst 
numerous disciplines is much more difficult. Within the mutually-agreed 
confines of a sufficiently inclusive conceptual framework, multiple meanings 
and site-specific definitions are possible. (Seghezzo 2009). To be defined as 
sustainable, it is purported that a steady continuity of use within specified 
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goals and aspirations until the end of a planned lifecycle is all that is required, 
even though the parameters may change (Sutton 2004). Indeed, in this way, 
sustainability is more a relative concept; a goal to strive for rather than a well-
defined endpoint (Cook and Van Der Zanden 2011) and thus can be difficult 
to initiate in a world of heavily interlinked and fluctuant economic and social 
systems. 

The concept of sustainability has arisen out of the growth of human-
dominated ecological systems (URL 2). While indigenous people have lived 
in more harmonious connectivity with nature since before the beginning of 
the colonial system, the majority of today’s industrialized countries 
supported ever-increasing populations through the extraction of resources to 
produce food and other staples often without keen regard for environmental 
consequences. What these efforts were doing to the earth or how they might 
affect its capacity to provide for future generations did not factor into the 
equation in many cases. As stated by Mittman (2006) and Newton (2007) the 
devastating human consequences of environmental events like hurricanes, 
earthquakes, droughts, floods, and tsunamis were among the only 
checkpoints to remind us how difficult it is to continue to separate economic 
and social parameters of society from environmental consequences. Today, 
in light of the current disruptions caused by COVID-19, a similar test is being 
put to our separation of these parameters, and indeed, therefore, toward our 
ability to embrace sustainability.  

So how do we embrace sustainability? Goodland (1995) puts forth a 
slightly simpler definition of sustainability as “the maintenance of natural 
capital". Therefore, this definition of sustainability uses more so the basis of 
maintaining long-term harmonious use and interaction with the environment 
as the foundation, atop which both social and economic requirements must 
retrofit (Morelli 2011). In other words, sustainability is the ability to maintain 
the qualities that are valued in the physical environment balancing the 
interconnectedness that allows human society to satisfy its needs while 
neither exceeding the capacity of its supporting ecosystems to continue to 
regenerate these services nor by our actions diminishing biological diversity 
(Sutton 2004, Morelli 2011).  

With globalization and the global human population fast-growing, it is 
necessary to pay increased attention to the implications of our continued 
failure to embrace sustainability properly (Jha & Murthy 2006). 
Environmental sustainability programs are developing and include actions 
to reduce the use of new physical resources, the adoption of a 'reduce, reuse, 
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recycle' approach, the use of renewable rather than depletable energy 
sources, the redesign of production processes and products to eliminate toxic 
and unnecessary materials and the protection and restoration of natural 
habitats and biological diversity (Sutton, 2004). These essential activities to 
ensure such sustainability need to take place at a more holistic scale and 
between nations and disciplines, rapidly. One way this can be done is 
through the field of architecture and sustainable buildings. 

SUSTAINABLE DESIGN 

In the 1970s, the concept of sustainable design emerged when some 
designers started to criticize modern and unsustainable product 
development and suggested alternatives. This included ideologies such as 
'design for the environment' predominantly focused on scientific and 
technological fixes for problems of sustainability. At the beginning of the 21st 
century, sustainable design principles (the Hannover principles) were crafted 
by William McDonough, who espouses a message that we can design 
materials, systems, companies, products, buildings, and communities that 
can continuously improve over time (PennState 2020) 

Nowadays, sustainable design is characterized by the designers' 
growing concern for environmental and socio-cultural sustainability, life 
quality and user innovation. It can also be defined as a design philosophy 
that seeks to maximize the quality of the built environment while minimizing 
or eliminating negative impact to the natural environment (Keitsch 2012, 
McLennan 2004). The concept of integrative and sustainable design 
recognizes that human civilization is an integral part of the natural world. 
That nature must be preserved and perpetuated if the social community itself 
is to survive. Sustainable design articulates this idea through approaches that 
exemplify the principles of conservation and encourage the application of 
those principles in our daily lives (Milosevic 2004). The concept of good 
architecture has headed to encompass the notion of a building that is 
sensitive to its environment. That is why many approaches to sustainability 
in architecture and design focus primarily on environmental issues, ignoring 
contextual aspects surrounding sustainable design (Williamson et al. 2003).  

The objective of sustainable (green) design, is to create and sustain a high 
quality of community values and environmental responsibility in the design 
and construction of buildings, infrastructure, transport, and landscape. 
Sustainable design goals are to reduce consumption of non-renewable 
resources, minimize waste, and create healthy, productive environments; 
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hence it applies the principles and practices of resource conservation and 
renewable energy design (URL 1, URL 3).  

GREEN BUILDINGS AND CERTIFICATION SYSTEMS 

Green buildings generally have construction and lifetime of operation 
that assure the healthiest possible environment while representing the most 
efficient and least disruptive use of land, water, energy and resources. This 
has come out as a product of sustainable design processes (GGGG, 2014).  

Buildings have substantial direct and indirect impacts on the 
environment. During their construction, occupancy, renovation, 
repurposing, and demolition, buildings use energy, water, and raw materials, 
generate waste, and emit potentially harmful atmospheric emissions. These 
facts have prompted the creation of green building standards, certifications, 
and rating systems aimed at mitigating the impact of buildings on the natural 
environment through sustainable design (Vierra 2019) 

Certification systems for measuring the environmental performance of 
buildings have been around for 30 years. They have been instrumental in 
driving innovation regarding sustainability issues within the construction 
industry (Inbuilt 2010). These new technologies such as Building Research 
Establishment Environmental Assessment Method (BREEAM), Leadership in 
Energy and Environmental Design (LEED), German Sustainable Building 
Council's DGNB etc., are continually being developed and updated to 
complement current practices in creating sustainable structures. The 
common objective is that buildings are designed to reduce the overall impact 
of the built environment on human health and the natural environment. 
(Akadiri et al. 2012) 

Nowadays, nearly 600 certification systems are used either on a global or 
a national scale (Vierra 2019). These certificates can only be given after an 
assessment mainly based on energy and environmental evaluation by using 
a single "rating". All these certification systems encompass issues as a whole 
which might otherwise be individually dropped or missed. BREEAM (UK) 
and LEED (USA) are the two most widely recognized environmental 
assessment methodologies used globally in the construction industry today. 
In Turkey, for example, only 3 of them are currently used. These are LEED 
(USA), BREEAM (United Kingdom) and DGNB (Germany). LEED is the most 
widely used system in Turkey. There is a total of 882 projects that have 
applied for the LEED-Certificate and approximately 405 different types of 
projects that are LEED-certified (Table 1).  
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Table 1. LEED-Certified project types and certification levels in Turkey 

RATING SYSTEM 
CERTIFICATION LEVEL 
Platinum Gold Silver Certified 

LEED BD+C: New Construction 17 132 41 11 
LEED BD+C: Core and Shell 6 69 4 1 
LEED BD+C: Schools 1 4 - 2 
LEED BD+C: Retail - 1 - - 
LEED BD+C: Healthcare 1 6 1 - 
LEED BD+C: Data Centers - 1 - - 
LEED BD+C: Warehouses and 
Distribution Centers 

- - 1 1 

LEED BD+C: Homes  18 14 - 1 
LEED O+M: Existing Buildings 4 23 5 - 
LEED ID+C: Commercial 
Interiors 4 23 5 - 

LEED ID+C: Retail - - 3 4 
LEED-ND: Plan - 1 - - 
TOTAL 51 274 60 20 

 
In 1998, the United States Green Building Council (USGBC) released the 

first version of LEED Green Building Rating System to create a system that 
the construction industry could use to achieve sustainable design goals 
(Fowler and Rauch 2006).  

During the next ten years, some of the energy and water-related credits 
were changed, and the version "LEED 2009" was devised. While certification 
levels remained the same, certification is based on a 100-point credit scale, 
and the number of points required to achieve each level has changed; 
however, the primary construct and per cent each area contribute in total 
points remain unchanged (Nyikos et al. 2012). On 2 April 2019, USGBC 
announced the most comprehensive, collaborative, accessible and effective 
LEED system to date called LEEDv4.1 (Stanley 2019). Today ratings are made 
under eight different project types and rating systems with varying weights 
of scoring. There are the leading eight categories for building design and 
construction. The categories can be changed according to the project types. 

Every green building project is required to take at least 40-49 points out 
of 110 from the specified titles of "New Building Design and Construction 
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Project Checklist" to receive a LEED certificate. Any points above 49 count 
toward higher certification levels, including Silver (50-59 points), Gold (60-79 
points) and Platinum (80 or more). 

LANDSCAPE-BASED DECISIONS ON LEEDv4.1 CATEGORIES 

As research in landscape ecology and associated disciplines evolves, the 
design and building industry will need to respond, and LEED provides an 
excellent forum for doing so. By addressing the underlying biophysical 
relationships and context of a site from the earliest phase, building projects 
can improve environmental performance and achieve LEED accreditation 
while also integrating intelligently with the surrounding land and natural 
systems – a goal worthy of any sustainable design initiative. Landscape 
architects (LAs) are uniquely equipped to facilitate this process of integration 
and should be incorporated from the beginning of a project aiming for LEED 
certification (Almiñana and Eisenman 2003).  

LAs are trained to think about landscapes as systems. Much of their work 
centres on the best practices driven by ecologically sound principles for 
vegetation, stormwater, material use, and microclimate effects (Cowie 2020). 
LAs can contribute to the following landscape-related LEED credits fall 
under the categories of Location & Transportation, Sustainable Sites, Water 
Efficiency, and Materials & Resources. 

Location & Transportation (18 Points) 

This new category includes some credits that were evaluated in the 
sustainable sites category in LEED 2009.  

LEED for Neighborhood Development Location & Sensitive Land 
Protection & Surrounding Density and Diverse Uses: LAs need to be in the 
decision-making process to avoid the development of inappropriate sites and 
to protect soils designated as prime farmland, floodplains, endangered 
species habitat, wetlands and public parklands in land-use plans. Because 
their training in natural and cultural systems gives them the knowledge to 
select sites, or areas within locations, which minimize impact to soils, 
hydrology, vegetation, and wildlife habitat (Carmichael 2014).  

High Priority Site: LAs create solutions for remediation studies of the 
sites such classified as a Brownfield. In the landscape recovery process, 
biological rehabilitation and planting have an essential place. Depending on 
the conditions of the construction area, it is possible to reclaim the space 
through reconstructing ecological, economic and aesthetic values by 
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landscaping with the correct plant types and effective planting techniques. 
These works require time, labour, financial resources, and expertise to be 
successful and must start with construction activities and carry out with a 
holistic approach (Akpınar 2005). 

Bicycle Facilities & Reduced Parking Footprint: LAs have a substantial 
contribution to alternative transportation, by bicycle/pedestrian ways and 
parking lots. By providing bicycle ways&parking, also changing rooms, 
pedestrian ways, minimizing parking lot size and offering preferred parking 
for carpools will make projects more advantageous. These regulations will 
encourage building users and employees to drive fewer autos and 
accordingly have positive effects on air quality and human health. 

Sustainable Sites (10 Points) 

Sustainable sites are the category which has the most resemblance to 
landscape architecture. This category has the most significant effect on how 
the building is built and connects with surrounding areas (Morris 2009). 

Construction Activity Pollution Prevention: LAs can take place in the 
preparation of soil erosion and sedimentation control plans before starting 
construction work. Las can help the design process which fits the site's 
topographic, soil, vegetation, and drainage context to minimize erosion and 
also can limit removal of vegetative cover and employ vegetative buffer strips 
to control erosion. For controlling sedimentation; stabilization by seeding 
and mulching are also among the works of LAs (Hopper 2007). 

Site Assessment: LAs can complete and document an extensive site 
survey/assessment that includes natural and cultural data of the sites such as 
topography, hydrology, climate, vegetation, soils and human use.  

Site Development: Intention of this credit is to conserve existing natural 
areas and restore damaged areas to provide habitat and promote biodiversity 
(URL 4). LAs can guide strategic decisions within sites to achieve 
development in harmony with natural systems. Also work at the site scale to 
minimize site disturbance, preserving and enhancing the highest quality 
resources while developing upon the least sensitive (Carmichael 2014). They 
can help getting points by documenting existing native or adaptive green 
areas, replacing hardscapes with appropriate green spaces, converting 
sod/non-natives to an approved green zone, or create an off-site green space.  

Open Space: The projects need to provide outdoor space greater than or 
equal to 30% of the total site area (including building footprint). A minimum of 
25% of that outdoor space must be vegetated (except turf grass) or have overhead 
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vegetated canopy (URL 5). It is the LAs duty to design and create spaces for 
active & passive recreation, interaction with nature and social interaction. 

Rainwater Management: LAs are uniquely positioned to assist in 
rainwater management facilities. Solutions such as green roofs, cisterns, rain 
gardens, bioswales, wet ponds and permeable pavements help to collect and 
keep stormwater at the source and also have the benefit of creating wildlife 
habitat with a beautifully landscaped setting.  

Heat Island Reduction: For reducing heat island effect (non-roof and 
roof), LAs use planting for shading (native vegetation, drought-tolerant 
plants and trees), green roofs and pavements that are light in colour and 
porous.  

Light Pollution Reduction: LAs can also ensure low outdoor lighting and 
reduce light pollution at the site by installing more efficient and better 
performing luminaires to avoid wasteful diffusion and reduce long-term 
maintenance requirements. The LAs can choose motion sensors and precision 
lighting in the appropriate sites (Almiñana and Eisenman, 2003). 

Water Efficiency (11 Points) 

Points can be achieved by reducing the amount of water used, including 
up to 30% of the overall water use and up to 100% of the landscaping 
irrigation. The main idea of this step is "no potable water is used". LAs can 
minimize the use of potable water by choosing the right plant to the right 
place using the right planting philosophy such as "Xeriscaping" and also by 
using soil binders, nitrogen fixers, green manure and pest repelling plants.  

LAs are also increasingly engaged in the design and development of 
systems that biologically treat wastewater. As creative, on-site wastewater 
technologies become more common, LAs play an essential role in their 
design, siting, and integration with the site (Almiñana and Eisenman, 2003). 

Materials & Resources (13 Points)  

Building Product Disclosure and Optimization - Sourcing of Raw 
Materials 

Points can be earned for encouraging sustainable forestry practices by 
using certified wood products, where wood is used. Decking and exterior 
canopy structures are opportunities to incorporate the use of certified timber 
in landscape and site-related improvements (Almiñana and Eisenman, 2003). 

Especially in redevelopment projects, LAs can reuse materials such as 
concrete slabs from the existing construction area in a variety of applications. 
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For example; large intact pieces are used for dry-laid stone walls and 
stormwater check dams. Small sections of broken concrete are crushed, then 
reused as pavement sub-base for new roads (Almiñana and Eisenman, 2003).  

Recycled materials such as glass, plastic, aggregates, wood, fly ash, blast 
furnace ash, garden waste, tyres and rubber, tar and bitumen products, 
paper, polystyrene and soil can be considered in the landscape as a means to 
reduce the waste stream. Plastics, polythene or polystyrene, are commonly 
used for boardwalks, decks, marinas, furniture, gates, fencing, geotextiles 
and paving. Playground safety surface made from recycled rubber tires is 
available in a variety of colours and forms. Processed sand is made from 100% 
recycled glass. This can be used as a top dressing or in cement or planting 
pits. Also, decorative pavers incorporating recycled glass chips as an 
aggregate provides different colour solutions. Recycled aggregates from inert 
construction waste (concrete, blocks, bricks, etc.). can be used in the 
formation of paths and roads or as a drainage layer. Wood can be used as 
woodchip or play bark in play areas, rural or domestic path surfaces, as a 
mulch or in decking and railings. Fly ash and blast furnace slag can be used 
in the formation of paths and roads, blocks or bricks or concrete. Garden 
waste can be turned into compost for soil improvement, turf establishment 
top dressing, planting or topsoil manufacture. Bitumen products are used as 
part of a bound path surface. Paper can be used as mulch (Carmichael 2014; 
Vernon, Tennant and Garmory 2009). 

For credit achievement calculation, one of the most efficient ways to 
reduce the environmental impact of construction materials is to obtain them 
locally, due to the significant embodied energy expended during 
transportation (Thompson and Sorvig 2008). Even though what materials are 
used depends on the architect and contractor, this category also has the 
possibility for high LA involvement. 

Construction and Demolition Waste Management: Landscape works 
mostly are the last part of a construction project. Still, the LAs can play an 
essential role from the startup by identifying and salvaging usable materials 
and designing them into the landscape plan. Materials resulting from the 
construction site such as heavy timbers, granite setts and other traditional 
paving materials have often been salvaged and reused. Still, it is possible to 
use many different materials. Proper storage of soil and the use of 
constructed lands from site waste can make a significant contribution to the 
volume of site material that is reused. The salvaging and processing of waste 
timber for composts and mulch can also be very beneficial for new planting. 
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Inorganic waste and excavated material are expensive to transport off-site 
and considerable cost savings can be made if the content can be used for 
ground modelling as part of the creative landscape design (Barnes 2012).  

Energy-Efficient Landscaping  

Out of the credits mentioned so far, there is one more LEED subcategory 
named as "Optimize Energy Performance" that applies primarily to the 
building structure. However, there are significant energy savings obtained 
through the intervention of landscape architects. Energy and Atmosphere 
category has the highest points (33 Points) in LEEDv4.1 checklist and 
Optimize Energy Performance subcategory has a range of 1-19 points for 
credits.  

Energy and landscape are critical constituents in the physical 
development of the built environment. Energy conservation and landscape 
quality have been widely acknowledged as essential parameters in the design 
of building, surroundings and built-up areas. In the design process, the 
landscape is one of the vital parameters of functional, aesthetical and 
environmental considerations. It is essential to understand its contribution 
towards energy and environment to enable the designer to utilize its potential 
effects in an integrated design approach and thought process with due 
consideration to climate change. It has a potentiality to dilute the greenhouse 
effect, absorb dust particulates, and noise pollution and to benefit local on 
microclimate and sol-air temperature (Ramesh 2016). 

Planting 

Landscaping may be the best long-term investment for reducing heating 
and cooling costs. Strategically-selected and placed vegetation can reduce an 
unshaded building summer air-conditioning costs by 15% to 50%. The well-
planned landscape also saves up to average 25% fuel consumption in winter 
just by using trees, fences, or geographical features as windbreaks to shield 
the building from the wind. (DOE 1995). Shade or windbreak plantings, green 
walls and also plantings that create air pockets that insulate the premises can 
help to reduce the overall solar gain and heat radiation of built structures. 
Designing a planting plan by using different forms of deciduous and 
evergreen trees, shrubs and groundcover plants in the right place can affect 
the microclimate of the building surroundings. 

Besides plantings, landscapes can help reduce heat island effect through 
the use of pavements that are light in colour and porous. Light-coloured 
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sidewalks, patios, and parking lots reflect rather than absorb heat, providing 
a measurable reduction in heat gain. Porous pavings allow for infiltration of 
water, which also serve to cool a given field of paving (Carmichael 2014). 

Green Roofs or Walls 

The major benefit of a living green roof or wall is that it slows and can 
detain stormwater runoff, by providing a porous, vegetated surface—thus 
preserving water resources rather than increasing the monetarily and 
environmentally costly stormwater management systems. Green roofs and 
walls are more effective in reducing heat gain in the spring/summer than heat 
loss in the fall/winter. This is because the green roof or wall can reduce heat 
gain through shading, insulation, evapotranspiration and thermal mass, 
thereby lowering consumption and cost of energy use. Liu and Minor (2005) 
demonstrated that the heat flow through a roof could be reduced by 70–90% 
in summer and 10–30% in winter, with the use of green roofs. Also, the 
transpiration of the vegetation on green roofs provides an evaporative 
cooling effect that can lower the air temperature locally to below ambient 
temperatures, helping to reduce the urban heat island effect globally. 
(Hopper 2007, Liu and Baskaran 2003, Feng and Hewage 2014)  

Landscape Lighting 

Landscape lighting has three basic objectives: providing safety, security, 
and aesthetics (Hopper 2007). Besides, energy efficiency is among these 
objectives when it comes to sustainability. Motion-triggered lights, 
photovoltaic lighting can be used in energy-efficient landscape lighting by 
limiting the amount of time lighting is on. Low-voltage lights, fibre optics and 
LEDs powered by solar, wind, or tiny batteries are also the means lowering 
energy use.  

MATERIALS AND METHODS – CASE STUDY FROM TURKEY 

As Turkey's first LEED Gold-certified project, Siemens Gebze Campus is 
selected as a research area (Figure 1). Applied landscape strategies and 
planting of the area were examined, and assessments were made. 

This project has an area of 150000 m2, and is located in Istanbul-Gebze 
Industrial Zone. Upon the completion of the facilities intended to be done in 
two phases, this campus has an 85000 m2 covered area. Approximately 54000 
m2 of open spaces of the campus are reserved as green spaces. 
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Figure 1. Siemens Gebze Campus (URL-6) 

Applied Landscape Strategies in the context of LEED 2009 

Sustainable Sites 
As one of the critical steps of effective landscape design, topography 

needs to be left as unaltered as possible, and by using the existing slopes, the 
terrain can be transformed into an advantage. Bicycle parking lots and 
changing rooms were provided for staff living nearby, to reduce motor 
vehicle usage.  

Throughout the project, open spaces were left above the standards, both 
for reduction of the heat island effect and conservation of public spaces. Most 
of the open spaces and half of the hard landscape areas (roads, sidewalks, 
etc.) was shaded by the use of native plants to reduce the negative heat island 
effect. 

Turf stones were used in parking lots to transmit rainwater through and 
be absorbed by the soil and this helps to protect the quality of groundwater 
resources. Rainwater on the hard landscapes (especially asphalt-paved 
roads) was also routed to the ground instead of drainage channels, and 
filtering was provided there. 

Landscape lighting was designed according to the ASHRAE (American 
Society of Heating Refrigerating and Air Conditioning Engineers) standards 
within specified limits. 

Water Efficiency 

The campus has approximately 29.300 m2 of soft landscape area. Besides 
this, 24.300 m2 of the campus area was covered with meadow grass. All plants 
were carefully selected and planted for their indigenous character and 
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optimum water usage.  
Native plants and meadow grass were used for landscaping to minimize 

the need to irrigate the plant site, which is both an energy and water use 
saving. Instead of using potable water, water supplied from rooftop 
rainwater harvesting and treatment systems was used for landscape 
irrigation. By the implementation of these strategies  

50% of water was saved in landscape irrigation. Also, the drip irrigation 
system was preferred for not allowing evaporation of wasted water. 

For landscape planting, eight species of conifers, nine species of 
broadleaved trees, 19 species of shrubs and one species of groundcover were 
installed. Thirty-two (32%) of the 37 plant species that were used in the 
planting design have been identified as native plants in the Turkish Plant 
Data Service (Tubives). The non-native species (68%) on the list are well-
adapted plants to Istanbul's climate. The plant characteristics, which are 
essential for LEED Water Efficiency such as drought tolerance, moisture use, 
and whether they are native, are stated in Table 2. Fourteen (14%) of the 
plants have high, 22% have medium and 19% have low drought tolerance. 
Drought tolerance of 46% of plants could not be determined. Eleven (11%) of 
the plants have high, 3% have medium/high, 49% have medium, 22% have 
low/medium, and 8% have low moisture use. 

Table 2. List of the plants that were determined in the area. 
Plant Name Native Non-

Native 
Drought 

Tolerance 
Moisture Use 

CONIFEROUS TREES     
Abies nordmanniana X - - Low/Medium 
Cedrus atlantica 'Glauca' - X High Low 
Cedrus deodora ‘Pendula’ - X - Medium 
Cupressocyparis leylandii - X - Low/Medium 
Cupressus sempervirens X - - Low/Medium 
Pinus pinea X - Medium Medium 
Thuja orientalis ‘Aurea nana’ - X Medium Medium 
Thuja orientalis’Pyramidalis aurea’ - X - Low/Medium 
BROADLEAVED/DECIDUOUS 
TREES 

    

Acer platanoides X - Low Medium 
Cercis siliquastrum X - - Low/Medium 
Magnolia grandiflora - X Low High 
Morus alba 'Pendula' X - Medium Low 
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Cont. of Table 2. List of the plants that were determined in the area. 
Plant Name Native Non-

Native 
Drought 
Tolerance 

Moisture Use 

BROADLEAVED/DECIDUOUS 
TREES 

    

Prunus ceracifera ‘Pisardii Nigra’ - X - Medium 
Prunus serrulata “Kanzan” - X - Medium 
Robinia pseudoacacia 
‘Umbraculifera' 

X - High Medium 

Salix babylonica X - Medium High 
Tilia tomentosa - X - Low/Medium 
SHRUBS     
Abelia floribunda - X Medium Medium 
Aucuba japonica - X Medium Medium 
Bambusa metake - X - Medium/High 
Berberis thunbergii ‘Atropurpureum’ - X Low Medium 
Chanomeles japonica - X High Medium 
Cornus alba - X Low Medium 
Cotoneaster dammeri - X - - 
Cotoneaster horizontalis - X Medium Medium 
Elaeagnus pungens - X - Low/ Medium 
Euonymus fortunei - X Low Medium 
Fatsia japonica - X - - 
Forsythia intermedia - X Medium High 
Hibiscus syriacus - X - Medium 
Juniperus horizontalis - X Low High 
Laurus nobilis X - - Low/Medium 
Nerium oleander X - High Low 
Photinia serrulata' Red Robin' - X - - 
Pittosporum tobira ‘Nana’ - X High Medium 
Pyracantha coccinea X - Low Medium 
GROUNDCOVERS     
Cerastium tomentosum X - - Medium 

 
For getting points from water-efficient landscaping, selecting plant 

species is important. The projects applied for LEED can get two points by 
reducing potable water consumption for irrigation by 50%. Reductions can 
be attributed to any combination of plant species, density and microclimate 
factor, irrigation efficiency, use of captured rainwater, use of recycled 
wastewater and use of water treated and conveyed by a public agency 
specifically for nonpotable uses. Using only captured rainwater, recycled 
wastewater, recycled greywater or installing a landscape that does not 
require permanent irrigation systems can help projects for getting four points 
from this credit. Temporary irrigation systems used for plant establishment 
are allowed if removed within a period not to exceed 18 months of 
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installation. Selecting plants with high or medium drought tolerance and also 
with low and medium moisture use helps to get points without the need for 
a permanent irrigation system (URL-7). 

CONCLUSIONS 

The world is in a current state of flux due to COVID-19. From the 
adversity brought with this global pandemic comes an opportunity to 
address the way we embrace sustainability and utilise nature. One such way 
to do so rapidly is to improve our understanding and usage of sustainable 
building and design. Through the adoption of rating systems such as LEED, 
projects can begin to intrinsically examine the use and impacts of resources 
combined for building construction. In this chapter, we discussed how these 
rating systems, such as LEED can still be built upon. There is currently little 
recognition of the benefits of sustainable landscapes and site design 
(sustainable sites) in LEED certification. It has been identified that getting 
points from structural credits was preferred over landscaping credits. The 
reason being that the scores gained by landscape planning studies are not 
high enough. It is remarkable that landscape architects who work on the 
ecologically-balanced design, planning, management and conservation 
projects as a profession, are inclined not to include such consideration from 
the outset of such green building projects. As Thompson and Sorvig (2008) 
mention, if landscape professionals give input at the right time, sustainable 
practices will be more effective. Such “winning influence” over land-use 
planning is critically important to sustainability.  

For projects aimed at receiving LEED certification in the future, 
landscape architects and urban planners must participate from the first stages 
of decision-making and throughout the design process. Using the landscape 
only as “makeup” is mostly due to the aesthetic concerns of contractors, 
architects and clients/users. However, natural solutions emerging with 
landscape architecture studies will provide long-term economic benefits to 
these projects.  
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INTRODUCTION 

It is a scientific fact that the climate is changing, and human activities are 
exacerbating natural changes in the climate (IPCC 2001). As Parmesan and 
Yohe (2003), and Root et al. (2003) reveal; ecosystems, physical systems and 
related human actions will be seriously affected from those observed and 
projected impacts (Tompkins and Adger 2004; Aygün and Baycan 2015). 

Climate change issue is a recent issue for the world. It was reported in 
the climate conference held in Paris in 2018 that the world temperature 
increased. Many suggestions were made regarding this issue. Suggestions 
such as increasing renewable energy sources, reducing carbon emissions and 
greenhouse gases were suggested. In order to decrease carbon emission and 
greenhouse gas effects in countries, the Land Surface Temperature should be 
lowered.  

Climate change is a serious threat to the physical infrastructure and 
social environment of the cities. All the systems in the city like settlements, 
infrastructure will be affected by climate change and extreme weather events 
as a result. Thom et, al, (2009) argue that climate change is expected to give 
damage on buildings, resources, energy services, infrastructure. The climate 
change mitigation and adaptation issue carried up to the global stage by 
IPCC. Global agreements started to take place with national mitigation 
measures. Increasing the resilience of cities to the climate change became 
main purpose of many initiatives (Norman 2010). 
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Turkey is in the starting point of the climate-based development, 
mitigation-adaptation concerns to climate change. Recent years the 
awareness have increased with the global concerns. However, Turkey still 
have a long path to the resilience. It needs both national and local strategies 
for more resilient structure especially for metropolitan cities with high 
population (Aygün and Baycan 2015). Niğde is a city with historical, social, 
cultural and economic activities. There are problems in terms of urbanization 
and climatic factors in Nigde. Especially in the summer, high temperatures 
occur due to the increasing number of residences in the city. Temperatures in 
urban areas are higher because houses disrupt natural vegetation and reduce 
green areas. For these reasons, there are much higher air temperatures in 
areas with a dense construction. The reduction of green areas in urban areas 
and the types of materials used in the construction of buildings are among 
the biggest reasons for the formation of Urban Heat Islands. 

The aim of this study is to provide a basis for climate change. Within the 
scope of the study, the changes in temperature and precipitation values in the 
last 30 years in Niğde were examined. Niğde was selected as a study area 
because it is an economically and socially developing city. 

MATERIALS AND METHODS 

The study area includes the city of Niğde as a whole (Fig. 1). Niğde has 
a climate which is hot and dry in summers, and cold and snowy in winters. 
The data belong to 1989 and 2019 which were used in the study, were 
obtained from General Directorate of Meteorology. Among these data, 
monthly average temperature and precipitation data were used within the 
scope of the study. 

There are some deficiencies related to climate studies. The most 
important of these is that there is no meteorological station in every place of 
the study area. Estimating the climate parameters of the fields without data 
and understanding the complex data is an important part of the study. For 
this reason, interpolation methods were used to make the station data spread 
over the entire working area within the province of Niğde. For this analysis, 
kriging extension in the Arc-GIS was used. Data of 7 stations in Niğde were 
used within the scope of the study. IDW method was used on geographical 
data belong to detected station data for create the data to be used in the 
determination of climate change. 

The data obtained from the stations in the study area were transferred to 
Arc-GIS. The distribution of these data by districts has been determined. 
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There are a total of 7 districts in Niğde. These are Center, Bor, Ulukışla, 
Altunhisar, Çiftlik and Çamardı districts. Minimum, maximum and average 
values of the districts were determined using temperature and precipitation 
data belonging to 1989 and 2019 years. Following these values, changes 
between temperature and precipitation values were determined according to 
months and years. Finally, the reasons of the climatic changes in the Niğde 
province and the effects of the changes in the urban green areas on the climate 
have been tried to be determined. 

RESULTS 

In the study, the average temperature and precipitation data of the 
districts were determined in 1989 and 2019. The temperature distribution for 
1989 is given in Figure 1-2 and Table 1. The temperature distribution for 2019 
is given in Figure 3-4 and Table 2. 

The lowest average temperature value of 1989 occurred in January in 
Ulukışla district with -7.8 oC. The highest average temperature value of 1989 
occurred in August in Bor district with 24.6 oC. The hottest months were July 
and August in 1989, while the coldest months were January and December. 
The lowest average temperature value of 2019 occurred in January in Ulukışla 
district with -0.8oC. The highest average temperature value of 2019 occurred 
in August in Altunhisar districts with 23.5oC. The hottest months were June, 
July and August in 2019, while the coldest months were January and 
December.  
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Figure 1. Temperatures values of 1989-1 
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Figure 2. Temperatures values of 1989-2 
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Table 1. Temperatures values of 1989 
  Value MONTHS  

Distr. oC Jan. Feb. Mar. Apr. May. Jun. Jul Aug. Sep. Oct. Nov. Dec 

Center 
Min. -7.4 -2.7 4.8 10.4 12.5 12.5 19.3 20.0 15.0 10.2 5.3 -1.8 
Max -4.9 -0.7 7.0 14.8 15.5 15.5 22.5 23.0 18.3 12.0 7.5 0.7 
Ave. -6.5 -2.1 5.7 12.8 14.0 14.0 20.9 21.7 16.7 10.5 6.1 -1.0 

Bor 
Min. -6.8 -2.2 5.8 5.8 13.8 17.7 21.2 21.5 16.7 10.3 5.7 -1.1 
Max -3.8 0.9 7.2 7.2 15.8 19.8 23.9 24.6 18.7 12.9 7.4 0.8 
Ave. -5.6 -1.4 6.2 6.2 14.4 18.4 21.7 21.9 17.6 11.5 6.6 0.1 

Ulukış. 
Min. -7.8 -3.2 5.6 12.6 14.0 17.7 21.4 21.4 16.5 9.5 4.9 -0.3 
Max -6.1 -2.0 6.0 13.6 14.3 18.2 22.0 23.0 17.8 11.1 6.1 0.4 
Ave. -7.1 -2.4 5.8 13.0 14.1 17.9 21.7 22.0 17.0 10.1 5.3 0.0 

Çamar. 
Min. -6.2 -2.2 5.7 12.7 13.9 17.5 20.9 21.7 16.9 10.1 5.4 -0.8 
Max -5.1 -1.4 6.0 13.3 14.2 18.2 21.6 22.2 17.2 10.5 6.1 0.5 
Ave. -5.5 -1.8 5.8 13.0 14.0 17.8 21.2 21.9 17.0 10.2 5.5 0.1 

Altun. 
Min. -4.9 -2.0 5.4 12.6 13.4 16.9 21.3 21.6 16.2 11.0 6.7 -1.5 
Max -3.4 1.4 6.7 13.4 14.8 18.6 23.9 23.5 18.9 13.1 7.7 -0.6 
Ave. -4.2 -0.5 6.0 12.7 14.2 17.7 21.7 21.8 17.4 12.0 7.2 -1.2 

Çiftlik 
Min. -6.3 -2.5 4.5 7.5 11.8 15.8 19.5 17.5 14.4 10.2 7.0 -1.8 
Max -4.4 -0.9 5.8 12.6 13.9 17.6 21.4 21.6 16.6 11.7 7.8 -1.1 
Ave. -5.3 -2.0 5.0 11.7 13.0 16.3 20.9 21.0 15.4 10.9 7.6 -1.6 

Table 2. Temperatures values of 2019 

  Value MONTHS  
Distr. oC Jan. Feb. Mar. Apr. May. Jun. Jul Aug. Sep. Oct. Nov. Dec 

Center 
Min. -0.5 1.9 3.7 6.5 15.3 18.5 20.8 21.6 16.8 13.7 8.3 1.3 
Max 0.7 3.9 5.9 9.3 17.6 21.5 22.0 22.6 18.7 15.7 9.2 3.1 
Ave. -0.1 3.0 5.0 8.4 16.6 20.3 21.1 21.8 17.7 14.7 8.5 2.5 

Bor 
Min. -0.5 2.3 4.2 7.0 15.8 19.3 20.7 21.4 17.4 14.2 8.5 1.7 
Max 1.2 4.2 6.3 9.4 17.9 21.7 22.7 23.0 19.1 16.0 9.8 3.4 
Ave. 0.2 3.1 5.0 8.1 16.6 20.2 21.0 21.7 18.1 15.0 9.1 2.5 

Ulukış. 
Min. -0.6 2.0 3.9 6.7 15.5 19.0 20.4 21.0 17.1 13.5 7.9 1.3 
Max -0.2 2.7 4.6 7.5 16.1 19.8 21.0 21.8 17.7 14.5 8.7 2.0 
Ave. -0.4 2.4 4.2 7.0 15.8 19.4 21.0 21.7 17.5 14.1 8.3 1.7 

Çamar. 
Min. -0.8 2.0 3.7 6.4 15.2 18.6 20.2 21.2 17.4 14.2 8.4 1.4 
Max -0.1 2.9 4.8 8.0 16.4 20.0 21.1 21.8 17.7 14.6 8.5 2.3 
Ave. -0.5 2.4 4.2 7.0 15.8 19.4 21.0 21.7 17.5 14.4 8.5 1.7 

Altun. 
Min. -0.3 2.5 4.4 7.2 16.0 19.5 21.0 21.8 17.5 14.4 8.9 2.0 
Max 1.4 4.4 6.5 9.5 18.1 21.9 23.0 23.5 19.3 16.2 9.9 3.5 
Ave. 0.5 3.3 5.2 8.3 16.9 20.4 21.2 21.9 18.3 15.1 9.4 2.7 

Çiftlik 
Min. -0.6 1.4 3.2 6.2 14.7 17.7 18.5 19.6 16.4 13.2 8.3 1.0 
Max 0.2 2.8 4.8 8.0 16.4 19.8 21.2 21.9 17.8 14.6 9.0 2.3 
Ave. -0.3 2.0 3.9 6.8 15.4 18.7 21.0 21.8 17.0 13.8 8.5 1.5 
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Figure 3. Temperatures values of 2019-1 
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Figure 4. Temperatures values of 2019-2 
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Figure 5. Precipitation values of 1989-1 
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Figure 6. Precipitation values of 1989-2 
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Table 3. Precipitation values of 1989 
  Value MONTHS  

Distr. mm Jan. Feb. Mar. Apr. May. Jun. Jul Aug. Sep. Oct No. Dec 

Center 
Min. 6.5 14.7 23.7 28.8 38.6 10.3 1.7 0.8 1.2 32.2 39.0 20.7 
Max 36.1 34.4 41.1 40.5 75.8 52.2 14.3 6.2 24.7 76.5 62.5 40.8 
Ave. 16.0 27.6 34.6 33.0 59.3 34.3 8.2 2.7 14.3 41.0 52.8 27.8 

Bor 
Min. 5.0 3.8 21.3 26.1 21.2 0.0 0.0 5.2 13.5 23.3 44.3 28.2 
Max 36.8 28.3 28.0 33.9 59.2 22.6 3.3 8.6 34.7 41.4 62.8 48.6 
Ave. 17.3 11.4 23.3 30.0 31.5 9.7 1.0 6.9 16.3 35.3 55.1 35.5 

Ulukış. 
Min. 5.0 1.2 20.6 23.9 15.7 0.0 0.0 2.9 8.5 27.2 45.0 23.9 
Max 16.5 4.8 23.7 29.1 22.5 5.7 0.7 6.6 16.7 37.1 60.2 31.5 
Ave. 10.5 2.2 22.4 27.3 18.0 3.1 0.1 4.6 14.4 32.9 50.6 26.8 

Çamar. 
Min. 3.0 1.5 21.2 32.4 19.1 0.0 0.7 3.6 13.5 24.3 55.4 25.3 
Max 8.3 19.9 33.0 32.7 45.7 27.5 8.2 7.4 16.0 41.3 62.8 32.2 
Ave. 4.7 8.0 26.0 30.7 29.7 6.8 3.0 6.2 14.6 40.0 60.4 29.6 

Altun. 
Min. 26.1 14.2 22.6 31.2 34.6 15.9 1.6 5.0 14.3 27.3 40.2 41.0 
Max 39.4 29.7 28.0 33.9 62.8 23.0 4.6 8.5 15.3 41.4 50.3 49.4 
Ave. 34.8 22.6 24.1 32.8 48.2 21.4 3.0 7.5 14.7 39.2 44.1 47.4 

Çiftlik 
Min. 26.6 27.1 24.6 33.9 57.9 20.8 0.5 2.0 14.6 23.2 37.7 35.7 
Max 40.2 34.5 33.2 37.0 75.8 30.7 5.0 6.5 30.6 41.4 47.5 49.0 
Ave. 35.4 32.4 28.2 33.9 70.0 22.6 1.5 3.9 18.2 41.2 40.3 42.9 

Table 4. Precipitation values of 2019 
  Value MONTHS  

Distr. mm Jan. Feb. Mar. Apr. May. Jun. Jul Aug. Sep. Oct. Nov. Dec 

Center 
Min. 7.0 8.2 5.1 7.1 9.1 18.8 2.2 6.4 4.9 6.3 7.5 11.1 
Max 13.6 12.0 8.1 8.6 11.1 26.7 6.0 9.1 8.0 13.9 10.3 17.1 
Ave. 9.9 10.3 6.5 7.7 9.8 24.1 4.9 8.7 5.9 11.3 8.7 15.0 

Bor 
Min. 5.2 6.3 4.3 7.9 3.6 14.8 0.2 6.1 2.8 1.7 4.4 7.3 
Max 11.2 10.7 7.5 9.4 11.7 22.9 4.4 9.0 6.4 13.3 14.9 16.2 
Ave. 10.4 8.6 5.8 8.9 8.1 20.1 1.4 8.1 4.4 6.2 9.9 12.4 

Ulukış. 
Min. 10.3 7.7 1.4 8.4 1.4 14.7 0.0 6.1 2.1 4.8 10.1 13.9 
Max 13.2 8.9 8.9 9.5 8.9 23.1 0.5 8.4 5.8 13.1 20.0 15.9 
Ave. 10.8 8.3 4.6 9.1 4.6 20.2 0.1 7.2 3.4 7.9 16.1 15.0 

Çamar. 
Min. 9.8 6.0 6.7 7.2 8.9 11.8 0.0 6.0 5.7 12.8 7.8 15.1 
Max 10.6 9.4 7.3 8.5 9.9 20.5 3.3 8.5 7.1 15.6 10.2 17.3 
Ave. 10.1 7.4 7.1 7.7 9.8 15.0 1.0 7.2 6.6 14.6 8.2 16.2 

Altun. 
Min. 8.5 5.6 4.1 8.4 5.2 20.5 1.6 8.7 4.0 1.4 3.9 6.4 
Max 10.7 9.9 6.6 9.1 9.1 22.5 4.6 9.0 7.0 7.0 7.7 14.1 
Ave. 10.2 7.7 5.3 8.8 6.7 21.0 3.0 8.9 5.5 3.4 5.6 10.9 

Çiftlik 
Min. 10.2 9.0 6.3 8.2 7.6 21.2 4.0 9.0 6.5 5.0 6.4 12.7 
Max 17.4 12.4 8.2 8.5 10.1 23.7 5.9 10.2 8.2 10.0 9.8 17.9 
Ave. 11.6 11.1 7.6 8.4 9.5 22.2 5.3 9.0 7.6 8.1 8.6 15.9 
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The precipitation distribution for 1989 is given in Figure 5-6 and Table 3. 
The temperature distribution for 2019 is given in Figure 7-8 and Table 4. 

The lowest precipitation value of 1989 occurred in the summer in all 
district with 0 mm. The highest precipitation value of 1989 occurred in 
October in Center districts with 76.5 mm. The months which have the highest 
precipitation values, were May and November in 1989. The lowest 
precipitation value of 2019 occurred in the July in Ulukışla district with 0 mm.  
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Figure 7. Precipitation values of 2019-1 
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Figure 8. Precipitation values of 2019-2 
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The highest precipitation value of 2019 occurred in June in Center district 
with 26.7 mm. The months which have the highest precipitation values, were 
June and December in 2019. 

DISCUSSION AND CONCLUSION 

Unbalanced and unplanned transformation of cities distorts the comfort 
level of cities in terms of climate. The deterioration of comfort in urban 
climates negatively affects living life. For example, in the face of sudden heat 
waves, the death of 70,000 people in Europe in 2003, and the deaths that 
occurred in many countries with a similar problem required the issue to be 
handled within the scope of disasters. However, there is no inventory of 
death events against sudden heat waves in Turkey and there is no awareness 
of the subject yet, so the importance of the issue is still not understood 
enough. It is important to monitor and analyze the climatic changes of cities 
and to create action plans for struggle in terms of ensuring sustainable cities. 

The biggest problem for Niğde province is the unplanned and 
uncontrolled development of the city. As the city grows, impervious surfaces 
increase and green areas decrease. From these impervious surfaces, parking 
areas and roofs etc. cause too much heat. In addition, buildings using 
concrete or steel in their construction cause a high amount of heat. Therefore, 
heat occurs in the centre or in the immediate vicinity of the centre in Niğde.  

The high amount of data which is used in urban climate studies, make 
difficult to data management. Especially in climate studies where speed and 
dominance are important, the use of GIS provides comfort and convenience. 
Another benefit of GIS in climate studies is that it facilitates the processing of 
spatial and geographical data together. The association of physical changes 
in climate studies with changes in surface temperature can be achieved in the 
GIS environment. 

The changes in temperature and precipitation values between 1989 and 
2019 were determined within the scope of the study. For this, raster calculator 
plugin in Arc-GIS software was used. The lowest temperature change value 
occurred in the April in Ulukışka district with -7.0 oC. The highest 
temperature change value occurred in January in Center district with +7.6 oC. 
The months which have the highest temperature change values, are January 
and April. The average temperature value decreased in April and increased 
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in January in the last 30 years. In other months, the temperature changed by 
1-2 degrees. We can say that the temperature values increased in all districts 
in the last 30 years in Niğde. 

The lowest precipitation change value occurred in the August in 
Altunhisar districts with +1.4 mm. The highest precipitation change value 
occurred in May in Çiftlik district with -65.7 mm. The average precipitation 
value decreased for all district in Niğde in the last 30 years. In June, the 
precipitation value increased in the last 30 years. We can say that the 
precipitation values decreased in all districts in the last 30 years in Niğde. 

Table 5. Temperature values change between 1989-2019 
 Valu MONTHS 

Dist. oC 1 2 3 4 5 6 7 8 9 10 11 12 

Cent. 
Min. 5.1 4 -1.5 -6.1 1.9 1.5 -1.1 -1.2 0.3 2.9 0.9 1.9 
Max 7.6 6.5 0.3 -3.4 3.3 4.8 2.6 1.9 1.8 5.0 3.3 4.9 
Ave. 6.5 5.2 -0.7 -4.5 2.6 2.8 0.1 0.1 1.0 4.2 2.4 3.6 

Bor 
Min. 4.4 3.3 -1.8 -6.3 1.5 1.3 -1.5 -1.6 -0.2 3.0 1.5 1.2 
Max 6.8 5.2 -0.4 -3.5 3.1 3.1 -0.2 0.3 1.4 4.5 3.1 4.4 
Ave. 5.8 4.5 -1.3 -4.9 2.1 1.8 -0.6 -0.2 0.4 3.5 2.5 2.5 

Ulu. 
Min. 5.8 4.4 -1.8 -7.0 1.5 1.2 -1.2 -1.3 -0.1 3.3 2.6 1.4 
Max 7.3 5.3 -1.4 -5.4 2.0 1.9 0.5 0.1 0.8 4.4 3.2 2.1 
Ave. 6.8 4.8 -1.6 -6.0 1.7 1.4 -0.7 -0.3 0.5 4.0 2.9 1.7 

Çam 
Min. 4.4 3.4 -2.3 -6.8 1.2 0.7 -1.1 -0.7 0.4 3.9 2.3 1.1 
Max 6.1 5 -0.9 -4.8 2.5 2.5 0.2 0.1 0.7 4.2 3.1 3.1 
Ave. 5.1 4.3 -1.6 -6.1 1.8 1.6 -0.2 -0.2 0.5 4.1 3.0 1.6 

Altu. 
Min. 4.5 2.9 -1.5 -5.4 1.8 1.7 -1.3 -0.7 0.3 2.8 1.3 3.3 
Max 5.4 4.6 -0.2 -3.7 3.2 3.5 -0.1 0.3 1.3 4.0 2.8 4.8 
Ave. 4.7 3.3 -0.8 -4.5 2.6 2.7 -0.6 0.1 0.8 3.2 2.1 3.9 

Çift. 
Min. 4.6 3.7 -1.3 -6.3 2.0 1.9 -1.0 0.3 1.1 2.7 1.2 2.7 
Max 6.0 4.6 -0.8 -1.3 2.9 2.9 0.5 2.3 2.0 3.7 2.7 3.6 
Ave. 5.1 4.0 -1.2 -5.0 2.4 2.3 0.1 0.8 1.6 2.9 1.9 3.0 

 

As a result of the study, Niğde has been identified as a province where 
sudden climate changes can occur. Especially regions with arid climate are 
very sensitive to climate changes. Climate zone that will most feel the effected 
to climate change of the drought in Turkey, is Central Anatolia region that 
have Niğde and its immediate surroundings. To minimize these effects, the 
amount of green areas should be increased and unplanned urbanization 
should be prevented. 
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Table 6. Precipitation values change between 1989-2019 
  Value MONTHS 

Di. mm 1 2 3 4 5 6 7 8 9 10 11 12 

Ce. 

Min. -25.9 -23.7 -35.3 -32.2 -65.7 -25.4 
-

8.7 
0.8 -19.8 -65.3 -53.5 -27.8 

Max 3.7 -5.3 18.2 -20.2 -15.3 11.4 3.0 8.2 4.1 -23.6 -29.2 -5.8 

Ave. -6.0 -17.3 -28.1 -25.3 -43.9 -10.2 
-

3.3 
5.9 -8.4 -29.6 -44.1 -12.8 

Bor 
Min. -26.1 -18.7 -22.3 -25.4 -50.0 -2.2 

-
1.1 

-
0.7 

-30.0 -39.0 -53.7 -38.1 

Max 5.3 4.3 -14.1 -17.1 -13.0 16.9 2.4 3.8 -7.5 -17.9 -35.6 -13.1 
Ave. -6.9 -2.9 -17.6 -21.0 -23.6 10.3 0.5 1.2 -11.9 -29.1 -45.2 -23.1 

Ul. 

Min. -5.5 3.5 -16.3 -20.0 -16.3 15.2 
-

0.6 
-

0.6 
-14.0 -27.8 -50.1 

-
28.8  

Max 5.3 7.3 -11.7 -14.4 -10.1 18.0 0.3 5.6 -6.0 -21.2 -25.2 -17.0 

Ave. 0.3 6.1 -14.2 -18.2 -13.3 17.1 
-

0.1 
2.5 -11.0 -25.0 -34.5 -8.3 

Çam 

Min. 1.9 -11.3 -26.4 -25.4 -35.9 -7.0 
-

5.0 
-

1.4 
-9.4 -28.2 -54.5 -11.8 

Max 7.2 5.9 -13.9 -17.7 -9.4 15.2 
-

0.6 
4.8 -6.6 -9.2 -47.2 -16.3 

Ave. 5.5 -0.6 -18.9 -23.0 -19.9 8.3 
-

2.1 
1.0 -8.0 -25.5 -52.2 -10.1 

Al. 
Min. -29.2 -19.8 -21.6 -25.4 -53.9 -2.4 0.4 0.2 -10.9 -39.6 -43.7 -40.6 
Max -15.7 -7.2 -16.5 -22.6 -28.0 4.7 3.6 4.0 -7.7 -25.8 -33.5 -27.7 
Ave. -24.6 -14.9 -18.8 -24.0 -41.6 -0.5 2.0 1.4 -9.2 -35.8 -38.6 -36.5 

Çif. 
Min. -29.2 -23.2 -25.5 -28.7 -65.7 -7.2 0.9 2.6 -22.5 -36.5 -39.3 -35.8 
Max -15.8 -17.9 -17.7 -25.3 -50.2 2.3 4.7 7.3 -6.4 -14.1 -28.5 -19.4 
Ave. -23.8 -21.3 -20.6 -25.5 -60.5 -0.4 3.7 5.1 -10.5 -33.2 -31.7 -27.0 
 

In urban planning, the multifaceted effects of population values, which 
are an important indicator in the formation of cities, should be taken into 
consideration. In addition to inputs such as population, transportation, green 
tissue and building typology, microclimatic results should also be 
considered. Improving microclimate on a city scale should be considered as 
an important planning and design strategy to reduce the negative 
environmental conditions of the earth. In urban planning and architectural 
design disciplines, which have important roles in the formation of cities, 
coordinated studies should be conducted between design scales, and design 
measures to improve microclimate at every scale should be taken. 
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INTRODUCTION 

In recent years, with the influence of urbanization and the pressures 
(non-point source pollution etc.) in rural areas, problems have started to 
increase in stream ecosystems. With the European Union Water Pollution 
Framework Directive, integrated watershed management plans and habitat 
assessments have become important. Visual Habitat Quality Assessment in 
stream riparian zones contributes to the determination of targets in stream 
landscape restoration/rehabilitation plans and inventory sections. 

Three basic qualities are important in characterizing stream habitats. 
Design objectives, the time required for implementation and the 
measurement and evaluation of characteristic areas constitute these three 
qualities. Channel and riparian zone characteristics are more extensively 
covered than floodplain characteristics. Bank stability, channel substrate, 
artificial structures, riparian vegetation structure, channel dimensions, flow 
types or flow status, adjacent land uses and bars are also important criteria 
in defining stream habitat characteristics (Fernandez et al. 2011). 

American Environmental Protection Agency (EPA), Healthy Basins 
Program defines basins as holistic systems. Basins are not static systems. In 
healthy watershed assessment, future land and water use, population growth 
and climate changes are expected to be taken into account. The establishment 
---------------------------------- 
∗This chapter is extracted from master thesis entitled “Development of Landscape 
Restoration and Management Strategy in Büyük Melen River Basin, (Elif Güleryüz, 
Master Thesis/, Düzce University /Turkey, 2016). 
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of healthy watershed criteria can be created by compiling measurable, 
comparable and consistent ecological information. Indicators for water basins 
is divided into Landscape Condition, Habitat Condition, Hydrology, 
Geomorphology, Water Quality ve Biological Condition (EPA 2020). 

There are some national, regional and state studies on habitat assessment 
in United State of America. At the national level: Esselman et al. (2011), At 
the regional scale: Stacey et al. (2006), Richard et al. (1998) and "Combined 
Habitat Assessment Protocols (CHAP)" that was developed in collaboration 
with 11 resource agencies conducted by The Habitat Institute (The Habitat 
Institute (2020), At the state level: there are studies by (Cox et al. 1994), 
(Woolsey et al. 2010), (Kline et al. 2008), (Paul et al. 2002), (John et al. 2018). 

According to LUA NRW (1996, 1998), LAWA (1999, 2000a, 2000b) The 
Working Group of the Federal States on Water Issues developed the 
overview method and the on- the-spot method' to classify and assess 
ecomorphological structures of small, medium and large streams in Germany 
(Kamp et al. 2004). Overview method use some data derive from different 
kinds of maps (topographical, geological, hydrological, soil cover, land use, 
navigable streams, etc.); largescale aerial pictures, video recordings, or 
satellite data from different seasons, special literature, reports, plans, etc., 
standardized interviews and discussions with appropriate Authorities 
(Kamp et al. 2004). In Germany, the first stream habitat assessments were 
introduced in the late 1990s. Each federal state develops its own stream 
habitat map using the ‘On-site Survey’ and/or the ‘Overview Survey’. The 
assessment describes the difference of the actual condition from a previously 
defined reference condition (Kamp et al. 2007). Last days in Germany, the 
biological water quality map and the habitat quality map represent a holistic 
water management approach (Kamp et al. 2004). 

According to Davies, (2000) The Australian Stream Assessment Scheme 
(AUSRIVAS) is a biological assessment method that uses macroinvertebrates 
to assess stream condition. AUSRIVAS has been implemented in each of the 
eight Australian States and Territories. However (Parsons et al 2004), There 
is no commensurate scheme that can provide standardized information on 
the physical, or habitat, condition of streams. Parsons et al (2004) reviewed 
four methods of stream habitat assessment currently used in Australia. They 
have revealed the physical habitat assessment method on a national scale 

The presence of different methodology on the assessment of stream 
habitats in Europe and America supports its use for different purposes such 
as landscape restoration/rehabilitation. Brief information about the three 
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methods based on this study is given below. 
Stream Visual Assessment Protocol provides a basic level of stream 

health evaluation. It can be successfully applied by conservationists with 
little biological or hydrological training. It is intended to be conducted with 
the landowner and incorporates talking points for the conservationist to use 
during the assessment (USDA 1999). 

An index of riparian quality useful for the management of streams and 
streams is presented. The purpose of the index is to provide managers with a 
simple method to evaluate riparian habitat quality. The index is easy to 
calculate and can be used together with any other index of water quality to 
assess the ecological status of streams and streams. It may also be a useful 
tool for defining ‘high ecological status’ under the EC Water Framework 
Directive (Munné et al. 2003). 

The Rapid Bioassessment Protocols (RBPs) are essentially a synthesis of 
existing methods that have been employed by various State Water Resource 
Agencies (e.g., Ohio Environmental Protection Agency [EPA], Florida 
Department of Environmental Protection [DEP], Delaware Department of 
Natural Resources and Environmental Control [DNREC], Massachusetts 
DEP, Kentucky DEP, and Montana Department of Environmental Quality 
[DEQ]). Protocols for 3 aquatic assemblages (i.e., periphyton, benthic 
macroinvertebrates, fish) and habitat assessment are presented EPA (1999) 

According to Ehrenfeld (2000), the privatization of goals in the 
restoration projects is the most important stage of the project. Because at this 
stage, expectations are determined. The detailing of the planned activities 
together with these objectives also determines the scope and form of post-
project monitoring. In restoration works; There are four main themes: 
conservation biology, geography, wetland management and recycling / 
rehabilitation of extremely degraded areas (Güleryüz 2016). 

According to Güleryüz (2016), some of the problems arising from human 
interventions in the riparian zone and its surroundings are the effects of dams 
on the stream environment, problems resulting from agricultural practices, 
problems related to the vegetation of the streamside, problems related to the 
industrial and sewage discharges in the stream and its near environment, 
from hydroelectric power plants and solid waste landfill area. 

According to Roni (2005), restoration is divided into two as active and 
passive. The continuity of the function of the ecosystem is ensured through 
structural measures taken by directly intervening in active restoration. In 
passive restoration, the system is expected to repair itself by eliminating the 
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human-induced effects that damage the ecosystem. Rehabilitation is the 
improvement of the ecosystem. With this improvement, it is not expected to 
reach the original and undamaged state of the area, and it is aimed to 
reconstruct important habitats that have undergone degradation in the 
ecosystem (Güleryüz 2016). 

The aim of this study is to reveal the consistency of the Visual Habitat 
Quality Assessment to be made in the field and office for the stream habitats. 

MATERIALS AND METHODS 

A large part of Great Melen Basin is within the borders of Düzce 
province. The remaining part of the basin is within the borders of the 
neighboring Sakarya Province. 67.5% of the basin is in Düzce province and 
32.5% of it is in Sakarya provinces. The large Melen stream basin includes the 
catchment area between the Düzce Efteni Lake wetland and the Black Sea. 
The Great Melen Basin is located between 41° 51′ 30″ - 45° 49′ 00″ north 
latitudes and 31° 12′ 00″ - 33° 60′ 00″ east longitudes. The working area covers 
an area of 61461 ha. Topographic maps, geological maps, soil maps, climate 
data, socio-economic data obtained from relevant institutions were used in 
the study. 

The method of the study has been organized in three stages as field and 
office work. In the first stage, within the scope of the habitat assessment 
analysis made on the main stream axis; A habitat assessment form has been 
developed in order to evaluate the main stream habitats of the Greater Melen 
Basin, using studies named EPA (1999), Munné et al. (2003), USDA (1999) 
(Table 1). 

The stream Visual Habitat Quality Assessment form specified in Table 1 
has been filled in 500m radius on the main stream flow, in landscapes 
showing different visual and land use characteristics and at all points 
accessible by vehicle (Figure 1). 

Considering the topographical structure of the land, it has been 
confirmed in field studies that it is appropriate to make an observation for a 
distance of approximately 1000 meters and to fill in the information specified 
in the chart for a radius of approximately 500 meters. At points that have 
similar character or where the stream edge is not reached, the relevant forms 
are not filled. The form was filled in the 35km part (69 %) of the 51 km area. 
When the remaining 31 % is examined (Figure 1), it is seen that there is a gap 
between the observation points 1-2 and 23-24. However, it has been observed 
that there is no difference between the observation points in terms of 
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landscape character that may affect the result in field studies. Side streams 
due to time and cost limitations during the acquisition of the observation 
points; No form was filled on watery or dry streams. 

 

 
Figure 1. Observation Points 

In the second stage, a method approach has been developed on how to 
evaluate, score and map the 10 criteria given in Table 2 in order to test 
whether the results of the Streams Visual Habitat Quality Assessment 
obtained in the field will be achieved in the office environment without going 
to the land (Güleryüz 2016). Forest management plans in criteria 1, 2 and 3, 
erosion analysis (Mopu 1985, MAPA-ICONA 1983, MAPA-ICONA 1991, 
Atucha et al. 1993, Şahin 1996, Şahin and Barış 1996, Kurum and Şahin 1998, 
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Şahin 1998, Kurum and Şahin 2000, UNEP/MAP/PAP 2000, Şahin 2001, Şahin 
and Dilek 2006, Uzun and Gültekin 2011, Uzun et al., 2012, Şahin et al., 2014, 
Uzun et al. 2015). in criterion 4, water pollution classes (Şamandar 2004, Şen 
2007) in criterion 5, land use maps in criterion 6 were used. 

In the third stage, between the scores of the stream habitat assessments 
form created in the field study and the criterion points used in the 
assessments of the habitats formed theoretically in the office, the Paired 
Samples T-test in the SPSS 15 program was used to perform a statistical 
evaluation with α; 0.05 significance level. It has been tested whether there is 
a consistency between the Visual Habitat Quality Assessment in the field and 
the assessment performed in the office. 

The main purpose of this part of the method is to perform habitat 
assessments related to streams in the office environment without going to the 
land in cases where there are time and cost constraints. Therefore, a double-
sided evaluation opportunity is provided with the framework introduced by 
the method. 
 

Table 1. Stream Visual Habitat Quality Assessment Form / Field 
Observations (improving of EPA 1999, Munné et al. 2003, USDA 1999)  

Stream name GPS coordinates: x, y Observer Date, Time 
Excellent habitat 
score (20-16) 

Good habitat score 
(15-11) 

Marginal 
habitat score 
(10-6) 

Poor habitat score 
(5-0) 

1.Plant pattern of stream bank  Total score: 
More than 80% 
vegetation on the 
riparian zone 

50-80% vegetation 
cover in the Riparian 
zone 

10-50% 
vegetation 
cover in the 
riparian zone 

Less than 10% 
vegetation cover in 
the riparian zone 

2. Vegetal cover Structure of stream bank Total score: 
Tree cover in 
vegetation more 
than 75% 

Tree cover in 
vegetation 50% -75% 
or 25-50% tree cover 
and 25% shrub cover 
in vegetation 

Less than 50% 
tree cover and 
at least 10-25% 
shrub cover 

Tree or shrub cover 
less than 10% 
Only herbaceous 
cover is available 

3. Vegetative Cover Quality of stream banket Total score: 
Natural tree 
species 
> 1 in Type 1 
> 2 in Type2 
> 3 in Type3 

Natural tree species 
In Type 1 = 1 
In Type 2 = 2 
In Type 3 = 3 

Natural tree 
species 
In Type 1 = 0 
In Type 2 = 1 
In type 3 = 2 

Number of natural 
bush species 
> 1 in Type 1 
> 2 in Type2 
> 3 in Type3  
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Type 1. . Streams where the edge slope of the stream channel is more than 100% 
Type 2. Streams where the edge slope of the stream channel is between 10% -100% 
Type 3. . Streams where the edge slope of the stream channel is less than 10% 
4. The connection of stream banket and its immediate 
surroundings 

Total score: 

Permanent 
vertical 
connection with 
natural areas 
along the stream 

Fragmented vertical 
connectivity with 
natural areas along 
the stream 

Partial 
connection 
with natural 
areas along the 
stream 

Partial connectivity 
with natural areas 
and less artificial 
areas along the 
stream 

5. Width of the Vegetative Zone after the stream channel Total score: 
Coastal width 
large 20 meters 

Coastal width 
between 12-20 
meters 

Coastal width 
between 6-12 
meters 

Coastal width small 
6 meters 

6. Stream Channel quality Total score: 
Unmodified 
streambed 

Partial intervention 
to the stream bed 

Nearly 50% 
artificial 
intervention to 
the stream bed 

More than 50% 
artificial intervention 
to the streambed 

7. 7. Stability of the stream bank (erosion level) Total score: 
Erosion problem 
less than 5% of 
the stream bank 

5-30% erosion 
problem in the 
stream bank 

30-60% erosion 
problem in the 
stream bank 

60-100% erosion 
problem in the 
stream bank 

8. Fish habitats Total score: 
More than 7 
types of cover 

6-7 cover types 4-5 cover types 2-3 cover types 

Cover types: Presence of large collapsed trees / Deep ponds / Suspended 
vegetation / Large boulders Sand or rock preventing currents / Undercut shore / 
Thick root layer / Isolated ponds / Dense macrophyte bloom 
9.The View of Water Total score: 
Visibility of 100-
150cm deep 
objects 

Visibility of 30-60cm 
deep objects 

Visibility of 
30-45cm deep 
objects 

Visibility of less than 
15 cm deep objects 

10. Human Interventions Total score: 
No human 
intervention in 
the zone of 20m 
from the stream 
channel 

1-2 human 
intervention in the 
20m zone from the 
stream channel 

3-5 human 
intervention in 
the 20m zone 
from the stream 
channel 

More than 5 human 
intervention in the 
20m zone from the 
stream channel 
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Human Interventions: Industrial wastewater discharge / Wastewater discharge 
from settlements / Landfill areas / Manure-left areas / Agricultural areas 
(pesticide, artificial fertilizer use etc.) / Livestock facility (barn, poultry etc.) / Sand 
gravel pit (sediment, etc.) / Construction work / Highway 

 
Total Point Score: Score 0-50: Poor habitat score / Score 51-100: Marginal 
habitat score/Score 101-150: Good habitat score /Score 151-200: Excellent 
habitat score. 
 

Table 2. Criteria Used in the Visual Habitat Quality Assessment /Office 
Measurements 

Excellent habitat 
score (20-16) 

Good habitat 
score (15-11) 

Marginal habitat 
score (10-6) 

Poor habitat score 
(5-0) 

1. Plant Closure Degree (Canopy values of the 
vegetation in the zone of 500 m,) (1st criterion in 
table 1) 

Total score: 

71% -100% 
Closed and 
Fully Closed 

41% -70% 
Medium 
Closed 

11% -40% Loose 
Closed 

Less than 10% 
Gap Closed 

2. Number of Plant Types (Number of vegetation in 
the zone of 500 m), (2nd, 3rd criterion in table 1) 

Total score: 

3 plant type 2 plant type 1 plant type Other Uses, 
Agriculture etc. 

3. Forest Area Percentage (% of forest area in the 500 
m zone,) (4th, 5th criterion in table 1) 

Total score: 

More than 80% 
Forest area 

80-50% Forest 
area 

50-10% Forest 
area 

Predominance of 
Other Uses 

In the 500 m buffer zone; If the main road passes (highway) -5 points are 
added. If there is a village road or secondary road, -3 points are added. If 
there is a hydroelectric power plant line, -5 points are added. 
4. Potential Erosion Risk Rating (potential erosion 
risk rating in the 500 m zone) (6th, 7th criterion in 
table 1) 

Total score: 

Low and Very 
low erosion risk 

Moderate 
erosion risk 

High risk of 
erosion 

Very high erosion 
risk 

5. Water Quality (The water quality in the area close 
to the point of observation) (8th, 9th criterion in table 
1) 

Total score: 
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I Class Waters II Class Waters III Class Waters IV Class Waters 
6. Human Interventions Around Akarsu (Different 
human uses in the map of land use) (10th criterion in 
table 1) 

Total score: 

None of Human 
Interventions 

1-2 Human 
Interventions 

3-5 Human 
Interventions 

More than 5 
Human 
Interventions 

Human Interventions: Industrial wastewater discharge / Wastewater 
discharge from settlements / Landfill areas / Manure-left areas / 
Agricultural areas (pesticide, artificial fertilizer use etc.) / Livestock facility 
(barn, poultry etc.) / Sand gravel pit (sediment, etc.) / Construction work / 
Highway 

 

Score 0-30: Poor habitat score / Score 31-60: Marginal habitat score/Score 61-
90: Good habitat score /Score 91-120: Excellent habitat score 

RESULTS 

Findings regarding the three stages given in the method section are given 
below. The form about 35 observation points in the field, consisting of 10 
criteria and given in the method section, was filled by two experts for the 
right and left channel, and the total scores for each point were formed by 
summing the arithmetic averages. The process of filling out the form 
regarding the 35 points selected in the research field was carried out on 3 
November 2013, 2 -3 June 2014. The forms were filled out by two experts 
(Landscape Architect) and their arithmetic averages were obtained. In Table 
3, the sample areas determined for research in the Great Melen Basin and the 
coordinates of the areas according to the UTM system are given. Figure 1 
shows the points where the stream habitat form is filled. The values obtained 
after filling the forms are on a four scale; It has been mapped according to 
poor, marginal, good and excellent habitat score (Table 1). 

The lowest and highest score values of total habitat values are given in 
table 3. In the field evaluations, the presence of 2 good, 9 marginal and 24 
medium value points indicates that there are increases in the habitat value of 
the points especially in the forest area. While a high habitat value in the range 
of 151-200 points is found in the Great Melen Basin according to the form 
points, it is observed that it has predominantly good habitat values. After the 
analyzes made in the office, it was determined that 7 points had poor and 28 
points had good habitat value. 
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As can be seen in Table 3, Paired Samples T-test was conducted between 
the observation results obtained in the field and the evaluation results 
obtained in the 500m buffer areas of the field observation points in order to 
control the approach applied (Table 4). As is known, the t test is used in 
scientific studies in order to compare the parameters examined in the 
research. 

In our study, the difference between the average of the total scores 
determined in the field (2.80 ± 0, 53) and the average of the total scores 
calculated in the office (2.80 ± 0.41) was not found to be significant when 
compared to the Paired Samples T-test at the level of α = 0.05. (P> 0.05). 

 
Table 3. Observation points, field and office scores 
 

Number Coordinates: x, y Field Office 
1 333679 4516947 Good 109,5 Good 72 
2 333684 4517067 Good 103,75 Good 77 
3 333585 4521022 Marginal 66,5 Marginal 45 
4 332746 4521893 Marginal 94,8 Marginal 45 
5 332246 4522418 Marginal 85,75 Marginal 45 
6 329982 4525402 Good 129 Marginal 45 
7 329613 4525979 Good 112,75 Marginal 45 
8 329024 4527199 Good 131 Marginal 45 
9 328243 4527910 Marginal 89,75 Good 62 
10 328241 4528444 Good 104,5 Good 62 
11 327852 4529267 Good 128,75 Good 62 
12 327849 4529276 Good 121,25 Good 62 
13 327508 4530319 Marginal 118 Good 72 
14 327849 4530748 Medium 129,5 Good 57 
15 327314 4530738 Excellent 159 Good 77 
16 326297 4531847 Good 110,25 Good 72 
17 326297 4532639 Good 112,25 Good 72 
18 325855 4533138 Good 145 Good 67 
19 325760 4533195 Excellent 150,25 Good 72 
20 325457 4533463 Marginal 73,25 Good 72 
21 326091 4534552 Good 146,25 Good 67 
22 326309 4534800 Good 148 Good 67 
23 326200 4535519 Good 137,5 Good 72 
24 328056 4539038 Good 148 Good 72 
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25 325896 4539985 Good 141,25 Marginal 52 
26 327991 4540454 Good 138,5 Good 62 
27 328593 4541582 Good 136 Good 67 
28 330455 4542778 Good 114,75 Good 77 
29 331271 4543525 Good 104,25 Good 72 
30 332364 4544278 Marginal 63 Good 77 
31 331088 4545509 Good 114 Good 77 
32 330707 4547183 Marginal 93,8 Good 80 
33 329457 4547023 Good 121,95 Good 65 
34 328946 4548738 Good 114 Good 80 
35 328636 4548656 Marginal 93,5 Good 80 

According to the current evaluations, it can be said that places where 
habitat value is excellent in terms of natural features are important points for 
living creatures. However, the fact that there are only 26 areas with good and 
9 poor habitats in our area shows that our area is faced with human 
intervention. There are a number of intervention areas such as agriculture, 
hazelnut, settlement, dam, solid waste storage area along almost the entire 
Büyük Melen main axis. This situation gives the impression that the edge 
types will take more place along the stream corridor. 

Table 4. Comparison of field and office scores with Paired Samples T-test 
Paired Samples Statistics 
 

 
Mean N 

Standard 
deviation 

Standard Error 
Mean 

Pair 1 Field 2,8000 35 0,53137 0,08982 
Office 2,8000 35 0,40584 0,06860 

 

Paired Samples Test 

 

Paired Differences 

t df 

Sig. 
(2-

tailed) Mean 
Standard 

Error 

Standard 
Error 
Mean 

95% confidence 
interval of the 

difference 
Lowest Highest 

Pair 1 Field 
Office 0,00000 0,59409 0,10042 -0,20408 0,20408 

0,00
0 34 1,000 

DISCUSSION AND CONCLUSIONS  

In the studies carried out by EPA (1999), Munnue et al. (2000) and USDA 
(1999), the field forms regarding the biological evaluation of streams, the 
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evaluation of the ecological quality of the streams and the visual evaluation 
of the streams are in a single form as the "Near Water Environment Visual 
Habitat Quality Assessment form" integrated. With the observations made in 
the field, it is ensured that data are obtained for planning, management and 
protection in different parts of the stream. 

EPA (1999), USDA (1999) and Munné et al. (2003), Field forms were filled 
by different professional disciplines. In this study, only the newly developed 
form was filled by two landscape architects. In order to develop the method, 
it is recommended that more people from different professional disciplines 
fill out the forms. 

Field forms were filled in almost 500m radius in 69% of the 51 km length 
of the Great Melen Stream. Uzun and Müderrisoğlu (2011) filled out 
observation forms at 23 points in an area of 14969 km2 in determining the 
visual landscape quality of Kars and Ardahan provinces. In another study 
conducted by Uzun et al. (2015) in the Yeşil Irmak Basin, 296 points in an area 
of 3.956.798 ha filled the observation form regarding the visual landscape 
quality. 

With the evaluations made according to 6 criteria in the office, data on 
visual habitat Quality Values of the immediate surroundings of the stream 
were obtained. This method has been developed within the scope of this 
study. Forest management plans, erosion analysis, water pollution classes, 
land use maps are used in this method. 

In the study, although the general framework of the method and its 
implementation have been realized, it is recommended to make additions to 
the method and to make the expert evaluations more efficient. 
The method used in the study was used to evaluate the habitat qualities of 
the stream and its immediate surroundings when time and cost were limited. 
In addition, the method can be used to restore the damaged landscape. 

As a result, it was revealed by the t test that the results obtained 
regarding the Visual Habitat Quality Assessment in the Near Stream Near 
Stream in the field and in the office are not different. Consequently, real data 
(table 1) or data to be obtained in the office environment (table 2) related to 
certain parts of the stream will provide us with an important inventory study 
on stream restoration. Therefore, the stream will form a starting point for 
landscape restoration works. 
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INTRODUCTION 
 

Achieving sustainable landscape development requires the rational use 
of natural resources, the protection of living environments and leaving 
resources with the most natural features possible to future generations. 
Achievement of this depends on making comprehensive plans for the future 
above all (Nayim, 2011). 

After creating an ecological inventory in a region to be planned, the 
relationships between man and nature begin to be understood. When it is 
necessary to examine this interaction in more detail and to provide some 
options for future use, one of the detailed studies that are consulted is 
"suitability analysis" (Steiner, 2000). 

It is known that researchers such as Charles Eliot, Manning, Tyrwhitt 
and Ian McHarg use manual overlay technique using tracing paper in their 
suitability analysis. The disadvantage of this technique is that as the tracing 
paper layers increase, the transparency is lost and the drawn information 
cannot be seen clearly due to the thickness of the paper. 

With the use of computer technology, this problem has disappeared. 
With the replacement of hand drawn maps by advanced computer 
applications, a planning approach that covers very large areas and evaluates 
many factors together has become possible. In this transition period, 
computer-based systems and package programs, that can be used for overlay 
process have been developed. GIS-based techniques are the most important 
of these. GIS enables planners to collect information quickly and efficiently, 
create and store the necessary data, and also analyze it in a short time and 
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economically. As the developments in computer technology continue, the use 
of research techniques as a tool in landscape inventory, analysis, evaluation 
and applications will continue (Steiner, 2000). LUCIS (Land Use Conflict 
Identification Strategy) is a model prepared for planners, in which computer 
technology is used effectively (Nayim, 2011).  

In this book section, GIS data types and geoprocessing tools used in 
conformity analysis specific to the LUCIS Model are mentioned in detail and 
the developments, methods and applications on this subject are included. It 
is thought that these analysis methods will form a base that will make some 
contribution on landscape planning research. 

LUCIS MODEL 

The LUCIS is a 5-stage model based on GIS-based analysis. It was created 
using ModelBuilder tools in ArcGIS, a GIS based package program offered 
by ESRI.  

The LUCIS model has been developed over 10 years in the design studios 
of the University of Florida for landscape architecture and city and regional 
planning students. University scientists have developed this model in order 
to overcome the difficulties of traditional land use suitability analysis based 
on alternative land use suggestions for the future (Carr and Zwick, 2007). 

The conceptual basis of the model was created based on the work of 
Odum (1969), one of the famous ecologists of the 20th century, named 
"Ecosystem Development Strategy". In this study, with use of the 'field 
model', Odum describes the landscape spaces under 4 classes as productive, 
protective, compromise areas and urban settlements and industrial areas 
(non-biologically vital areas). Odum's 'division model' formed the basis for 
LUCIS land use classification categories. While developing the LUCIS model, 
landscape areas were divided into 3 categories instead of 4. Unlike the Odum 
method, industrial and residential areas are gathered under the title of 
residential areas. The most important reason for this is the idea that when the 
areas are divided into 3 sections while categorizing, the differences between 
the areas will appear more clearly (Table 1) (Carr and Zwick, 2007). 
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Table 1: Comparison of the classification categories of the landscape areas 
between Odum (1969) 's' Department Model' and the LUCIS model. 
 

Land use classification in "Land 
Model" of Odum  

Land use classification in the 
LUCIS model 

Productive Lands Agricultural Lands 
Protective Lands 

Protected Lands 
Compromise Lands 
Urban / Industrial Lands Urban Lands 

 
LUCIS model is a objective-based GIS model that reveals the estimation 

and spatial texture of future land uses of a city, divided into the following 
categories. Through this model followings can be determined (Carr and 
Zwick, 2007): 

• existing protected areas, 
• existing urban areas, 
• existing agricultural areas to be sustained, 
• areas likely preferred for agricultural use in the future, 
• areas likely preferred for protection use in the future, 
• areas likely preferred for urban use in the future, 
• areas likely to create conflict between agricultural and protected areas 

in the future, 
• areas likely to create conflict between agriculture and urban land uses 

in the future, 
• areas likely to create conflict between agriculture lands, protected 

areas and urban land uses in the future. 
LUCIS model is created and run using ModelBuilder tools in ArcGIS 

software. The results obtained by running the model reveal many useful 
information intended for predetermined purposes. For example, this 
information reveals results such as (Carr and Zwick, 2005; Carr and Zwick, 
2007): 

• which areas are most suitable for future developments? 
• which areas should be reserved for protection? 
• which areas should be reserved for all kinds of agricultural 

production? 
However, the main goal of the LUCIS model is; It is the use of model results 
for the development of alternative land uses on the basis of social choice and 
land use conflicts. The LUCIS model is carried out in 5 stages as the 
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establishment of goals and objectives, inventory studies, determination of, 
land use suitabilities, preferences and conflict areas (Carr and Zwick, 2007). 

BASIC GIS TECHNIQUES USED in SUITABILITY MODELS 

Increasing the possibilities offered by GIS techniques using computer 
technology today has brought a new dimension to planning. These 
possibilities include many areas from analysis made with few errors in a short 
time to creating models and even developing model suggestions. It is an 
important requirement to know the concepts, tools and techniques of GIS, 
which has an important place in planning (Nayim, 2011). 

 

A Brief History of GIS 
 

The Geographic Information System (GIS) was first mentioned in the 
early 1960s by Roger Tomlinson, head of the Canadian Government's 
"Natural Resource Mapping Project" (Carr and Zwick, 2007). GIS, which is 
used for various purposes in many professions, has become an indispensable 
assistant of planners in large scale mapping and planning studies, especially 
in large areas. Thanks to the use of computer technology and GIS techniques, 
which have many advantages from spatial analysis to model creation, very 
successful analyzes and results are obtained (Nayim, 2011). 

Basic information about the GIS concepts, tools and techniques that are 
necessary to know in order to use the LUCIS model are given below: 

GIS DATA TYPES 

GIS data are of two types, vector and raster: 
'Vector data' are coordinate-based data models that represent geographic 

features or objects with geometry forms such as points, lines and polygons. 
A points indicate a single location with x, y coordinates. For example, trees, 
hills, fountains or buildings or even cities on upper-level small-scale maps 
are shown with dots. Lines are defined by x, y coordinate sets. Features such 
as roads, streams or pipelines are indicated by lines. Polygons can be 
expressed as closed linear features with an area. Features with certain areas 
such as lakes, islands, parcels are expressed with polygons. In ArcGIS, 
features with different geometries such as schools indicated by points, 
streams indicated by lines, forest areas indicated by polygons are processed 
in different layers and are kept in “.shp” extension files or database files 
called 'feature class'. In the database table named "attribute table", where 
various details of each are stored, the desired information about geographical 
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elements, buildings or parcels is stored. For example, the number of a parcel, 
owner, district, city, etc. is entered in the database table. Therefore, by 
showing a parcel positionally in the form of a polygon and entering the 
database information, all kinds of data about that parcel are processed in the 
GIS environment. In this way, all kinds of elements can be stored in the GIS 
environment by entering geometric representations and database 
information in all layers (İşlem GIS, 2004; Carr and Zwick, 2007). 
'Raster' or 'cellular' data sets are the display of geographic elements in a 
similar cell frame. All cells in raster data sets are the same size. These cells 
consist of rows and columns that remain within the boundaries of the entire 
area and vary in number according to cell size (Figure 1). Each of the cells 
represents a part of the earth and has values representing the information 
about it. Because a single raster layer represents a single theme such as space 
usage, soil, road, height. Multiple raster datasets are required to describe an 
entire area (Carr and Zwick, 2007).  
 

 

 
 
 
Figure 1: Structure of raster data. 
 

 

Raster data are divided into thematic or image raster data. Thematic 
cellular data, like on maps, represent geographic features with colors 
according to the areas they cover and their location. For example, values and 
groups of elements such as population density, land cover or slope groups. 
Generally, they are single band and cell values can be integers or real 
numbers. Image raster data are multi-band data such as satellite images or 
scanned photographs. 

Values and other properties of raster data are stored in 'value attribute 
tables' known as 'Value Attribute Table (VAT)'. A thematic raster data has at 
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least two items in the property table, these are 'value' and 'number'. Other 
than these, there may be data fields or items belonging to user-specified 
features. Value is the numerical value of the characteristics or features 
mapped. In other words, it refers to the same characteristics mapped, for 
example a soil group. Each value creates a specific 'zone'. For example, if a 
value of 4 is not assigned to a soil type in the soil map, all cells with a cell 
value of 4 or in other words all areas belonging to that soil type belong to the 
same zone. The size of each zone is obtained by the number element that 
gives the number of cells with the same value. The part that is formed by 
adjacent cells in the same zone, that is, with the same cell value or with the 
same soil type as given in the example, is called 'region'. Zones can contain a 
number of regions of various sizes that can have an unlimited number of cells 
representing elements in the map. The number of regions in a zone depends 
on whether the cells in the zone are bound or neighborhood. If a zone consists 
of many unconnected cells, it means that there are too many regions in that 
zone. Cellular connections used to define the regions can be in the form of 
diagonal and orthogonal (horizontal or vertical) connections or just 
orthogonal connections. If only orthogonal connections are used in the 
creation of the zones, it is called 'orthogonal connection' and if only cross 
connection is used, it is called 'diagonal connection'. Zone, region and 
connection types are shown in Figure 2. Here, the diagonal and orthogonal 
cell connection structure with three regions in zone 1 defined for soil type 

 
Figure 2: Zone, region and connection types of raster data. 
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clay is shown schematically (Carr and Zwick, 2007). 

Although vector data are used as source or initial data types in GIS-based 
research or projects, such as suitability models, these data are mostly used in 
the analysis phase by converting them into cellular data. 

Some important reasons why raster data are preferred in suitability 
analysis are as follows (Carr and Zwick, 2007): 

•  Raster data has important advantages in multi-layer analysis called 
"overlay analysis". Data sets stored as cells take up much less hard 
disk space than vector polygons because they involve cellular 
compression.  

•  In addition, the use of raster data in modeling with "map algebra", 
which is a spatial analysis language that allows the writing of 
expressions used to process many cellular data at the same time, is 
much faster, easier and more flexible than vector data overlay 
technology. 

•  The ability to develop suitability models with cellular data is much 
more effective in complex analyzes where many layers are required. 

Therefore, when working with suitability models, all data must be 
converted to cellular data before or during analysis. For this purpose, vector-
raster transformations are made with arctoolbox tools. The most important 
point in these transformations is cell size. Before transforming, the following 
important points about cell size should be known: 

•  Each cell (pixel) in thematic maps or satellite images represents an 
area on the land. 

•  The smaller the cell size in the map, the more detail is obtained in the 
analysis, but selecting too small size can often be unnecessary and 
confusing. 

•  Working with too small cell size in large areas can significantly 
increase the processing time while analyzing and may negatively 
affect computer performance. 

•  All raster maps must have the same cell size in suitability analysis. 
Therefore, transformations can be done based on the cell size of a 
critical raster map. Or, a cell size that has been shown to be suitable 
by trials can be used. 

So, cell size is a vital issue in suitability analysis and it is the most 
comfortable way to work with the largest raster size as long as there is 
enough detail. In the Florida example where the LUCIS model was run, a cell 
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size of 63 m was chosen (Carr and Zwick, 2007).  
There are four types of encoding methods used when converting vector 

data to raster format. These; 
• center cell method, 
• cell majority method, 
• weighted cell method, 
• cell percentage method. 

ArcGIS and GEOPROCESSING TOOLS 

ArcGIS package program is one of the most important programs used in 
GIS applications. As in the LUCIS model, many GIS analyzes are performed 
using geoprocessing (URL 1; URL 5) tools in ArcGIS. Structure of these tools, 
which are also the main elements of the GIS based researches, are mentioned 
below: 

 

Arctoolbox (ArcGIS tools) 
 

GIS operations related to all vector and raster data from data 
transformations to spatial analysis in ArcGIS are carried out with the tools in 
the toolbox called 'ArcToolbox' (Figure 3). Many processes such as obtaining, 
editing, transforming and processing vector or raster data are performed 
with these tools. 

ArcToolbox is also the most important part of the "ModelBuilder" 
environment where models are created. Almost all of the analyzes made with 
the LUCIS model are made using these tools in the ArcGIS environment. 

 

 
                       a 

 
 Toolbox 
 Toolset 
 Tool 
 Model 
 Script 

 
                    b 

Figure 3: ArcToolbox and its included tools (a) and their hierarchical order (b). 
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ModelBuilder 
 

ModelBuilder is a graphic programming environment embedded in 
ArcGIS. ESRI defines ModelBuilder as a program in which models are 
created, edited and managed (URL 2; URL 4). As the name suggests, 
ModelBuilder, which is an environment for creating models in ArcGIS, 
includes the most important tools of the LUCIS model. ModelBuilder 
window and an example model are shown in Figure 4. Here, the model 
prepared for one of the stages of determining the areas suitable for field 
agriculture where the soil layer in vector format is used as input is seen. 

 
Figure 4: An example model created in the ModelBuilder environment 

 

All kinds of GIS analysis can be performed thanks to the complex 
processes defined in GIS models and working in chains. The important thing 
here is to create the model structure well, to define the parameters, variables 
and operations well. 

Structure of models created in ARCGIS environment 

In order to better understand the models created in the ModelBuilder 
window, it is necessary to know the model structure, that is, the elements and 
working principles of the model: 

There are two types of elements in the models. These are tools and 
variables (Figure 5). Tools are represented by a rectangle and when added 
from the ArcToolbox toolbox, they appear in the Modelbuilder window. 
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Figure 5: Tools and variables used in models. 
 

When tools or variables are added to the ModelBuilder window, the 
inside of the boxes is colorless, and when the necessary parameters for the 
tool and variables are defined, the tools turn yellow. Variables defined in 
tools, in the form of ellipses and used as inputs turn blue. Boxes of variables 
representing the output to be obtained at the end of the process become 
green. The tools that perform analysis operations in models perform a wide 
variety of operations, these are described below: 

VECTOR ANALYSIS TOOLS 

Before converting into cellular data, it is necessary to know what kind of 
processes the vector data can be subjected to in analysis. Vector data analysis 
tools can be collected in 3 major categories (Carr and Zwick, 2007) (URL 3): 

• Extraction tools; select, cut etc, 
• Proximity tools; zoning etc, 
• Overlay tools; delete, intersect, merge. 

 

Raster analysis tools 
 

The "spatial analyst" toolbox in the ArcToolbox contains tools that are 
frequently used in obtaining thematic cellular data. (Willison, 2008).  

In cellular analysis, two or more raster-based maps are evaluated 
together for analysis, while the transactions between cells with the same 
location are performed with these tools (Figure 6). For example; addition 
between two raster maps can be done using mathematical tools. In this case, 
a new cellular map is obtained by performing the summation process for cells 
in the same location. (Carr and Zwick, 2007).  
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Figure 6: Examples of 
“addition”, “subtraction” 
and "less than" operations, 
performed with math 
operations between two 
cellular maps. 
 

 

These tools, which are used extensively in the LUCIS model and are 
necessary for the analysis of cellular data, have been examined in three 
categories according to some basic functions (Carr and Zwick, 2007): 

Local functions: They are functions used to calculate common 
mathematical equations. It includes mathematical tools that include four 
operations con tool, cell statistic tool, reclassify tool, single output map 
algebra tool and so on. All of these are important parts of the LUCIS method. 

Focal functions: They are tools that operate according to cell 
neighborhoods. 

Zonal functions: When discussing raster data above, the zones were 
briefly mentioned. Zonal functions summarize data from another raster 
using zones specified in a control raster or vector layer. 

The functions described here are a classification of the functions of 
spatial analysis tools that are required for suitability analysis in the LUCIS 
model and are used extensively. 

CONCLUSIONS 

It is necessary to know some concepts and techniques well in the analysis 
of spatial data in order to determine land use suitability with raster analysis 
and to determine the landuse conflicts. The logical basis of the operations 
performed with ArcGIS geoprocessing tools also constitutes the technical 



146 
 

basis of LUCIS analysis. In many studies, comformity, capability and 
feasibility or applicability analyzes are mentioned. In the LUCIS model, the 
word 'suitability' came to the fore with a wide definition. Here suitability is 
defined as the relative usefulness measure of a unit of space for a given 
purpose. The process of obtaining suitability is analytical, sequential and 
repeatable (Carr and Zwick, 2007).  

It is necessary to mention the contribution of GIS to suitability analysis 
in order to grasp the logical basis of the suitability analysis and therefore the 
LUCIS model. Because the evolution of GIS has accelerated the applications 
of conformity analysis and has led to the discussion of the rules for combining 
spatial data layers. In 1962, Christopher Alexander and Marvin carried out 
fitness analyzes using weights in a hidden hierarchy (Steinitz et. al., 1986). 
Other scientists have continued to examine the suitability and weight 
(Nayim, 2011). 

Conformity analysis today is typically done with raster data. Contrary to 
McHarg's vector study, the newly developed LUCIS model basically uses 
vector data, while analyzes are primarily performed with raster data. 
Combining raster data for suitability analysis may seem simple, but it is quite 
complex. This stage requires determining the characteristics of the data 
sources to be combined, understanding the rules for combining spatial data, 
data ranking strategies, and how to develop the goals and objectives to be 
used to guide the analysis (Nayim, 2011). 
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INTRODUCTION 
Mountainous regions that include sensitive and biodiverse ecosystems 

are one of the unique components of the natural landscape due to different 
habitats they flourish. One of the biodiverse habitats with floral diversity is 
the rocky habitats in alpine and mountainous regions. In these areas, unique 
rocks occur due to the geological, altitude, climatic and location conditions. 
The rocky areas are generally very sloppy land with fast surface flow, and 
environmental pressures such as erosion, and special microhabitat variations. 
Thus, rocky habitats host several isolated plant and animal communities (Sarı 
and Acar, 2015). 

Alpine zones, which have rich biodiversity due to their microhabitats 
and the species adapted to these habitats, host mostly perennial, but also 
annual and bulbous plant species. Alpine plants could be analyzed in several 
categories: pillow-shaped, cluster-shaped, creeping, rosette-plants and 
scrubs (Gray-Wilson, 2000). Alpine rocky flora are not tolerant to compete 
with neighboring plants and are much more prone to environmental effects. 
Thus, woody plants on the rocks are often stunted and deformed and grow 
slower (Larson et al., 2000). The rocks at high altitudes are extremely unique; 
they occupy a very limited area and are under extreme environmental 
pressures. Thus, the research on these habitats and the indigenous plants is 
important in the determination of their value as natural resources. 

Throughout history, people have employed natural resources in various 
ways. One of these important natural resources is the plants. The 
employment and cultivation of plants by humans date back to ancient times. 
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Thousands of years ago, people who realized the therapeutic power of plants 
employed plants for healthy living. The plants were initially collected from 
the nature and people started to grow them in their gardens after they settled 
(Dönmez et al., 2016; Acıbuca and Bostan Budak, 2018; Kösa and Güral, 2019). 
Later, as the people started to live in cities after the industrial revolution and 
industrialization, they gradually moved away from nature, and the 
significance of natural plants decreased in human life (Sarı and Karaşah, 
2019). 

Currently, the desire to benefit from natural plants is increasing. The 
medicinal and aromatic plants have been increasingly used as raw material 
in the agriculture industry (such as dies, spices, food), alternative or 
complementary medicine and pharmaceutical industry (Yaldız et al., 2010). 
The methods and techniques that emerged with scientific and technological 
advances increased the availability of active herbal ingredients. This 
increased the demand for plants in developed countries (Demirtürk, 1990; 
Gül, 2014). 

Almost 85,000 of the 250,000 vascular plant species in the world have 
medicinal properties (Jitin, 2013). 500 of about 12,000 plant taxa in Turkey 
have medicinal and aromatic properties, and 200 were reported to have 
export potential (Baytop, 1999; Ekim 2000; Baykal, 2015). 

Medicinal and aromatic plants are used in traditional and modern 
medicine to prevent diseases, maintain health and treat diseases. They are 
also used as nutritional supplements, herbal teas, condiments and spices. In 
addition to their use as perfume and cosmetic raw materials in body care 
products, they are widely used in different industries as varnishes and even 
as pesticides. These dried sections of these plants, called drugs, are also used 
(root, root-stem, thalamus, stem or woody structure, bark, leaf, flower, fruit, 
seed and herb) (Temel et al., 2018). 

Another important use of medicinal and aromatic plants is in the 
ornamental plants industry. Medicinal and aromatic plants are primarily 
used for aesthetic and functional benefits and additionally employed in 
several landscape designs in various scales (Kösa and Güral, 2019) such as 
collection gardens, healing-therapy gardens, botanical gardens, rock 
gardens, roof and terrace gardens, dry stone walls, stalls, flowerpots, slopes 
and roads (Arslan et al., 2018). Furthermore, the main benefits of the use of 
medicinal and aromatic plants in landscapes include educational purposes, 
raising public awareness, improvement of social health, sustainability of the 
species, and the improvement plant species diversity in landscape designs 
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(Pouya and Demir 2017). 
Today, the preference of exotic ornamental plants instead of natural 

plant species in urban areas and the use of the same species in several 
locations led to a decrease in diversity and domestic species have been 
gradually forgotten (Sarı and Karaşah, 2019). However, several natural 
species are available for use in urban open spaces in Turkey, where the floral 
diversity is quite rich. Thus, it is necessary to raise awareness, ensure the 
sustainability of natural species, and allow the interaction between medicinal 
and aromatic plants and individuals in urban areas. The present study aimed 
to investigate the employment possibilities of certain medicinal-aromatic 
plants with ornamental value that are indigenous to Hatila Valley National 
Park (HVNP) mountain range, which is valuable in floristic diversity.  

MATERIAL AND METHOD 
The study area, HVNP is located in the central district of Artvin province 

in the East Black Sea Region in Turkey and between 41°10'0.054.66'' northern 
latitude and 41°44'11.19'' east longitude (Figure 1). Its total surface area is 
16944 hectares and the altitude of the highest point in the area is 3224 m (Kurt 
Mountain) and its lowest point is 170 m (Çoruh River) (URL-1, 2020). The 
flora, which is very rich and dense at the middle and in the upper end of 
Hatila Valley, includes several plant species. The salient feature of these 
species is their suitability to Mediterranean climate. Thus, the flora exhibits a 
relict feature (Anonymous, 2005). HVNP is in the colchis section of the Euro 
- Siberian floral area of the Holarctic Flora region based on floral geography 
and regions (Anşin et al., 2000). 

Based on the previous studies conducted on HVNP, 1349 taxa in 109 
families were identified in the region (Karaer and Terzioğlu, 2012). Of these, 
125 taxa were endemic and 10 taxa were rare plants. The Rocky Area 
Ecosystem in HVNP occupies an area of approximately 1045 hectares (Karaer 
and Terzioğlu, 2012). 

In the study, plant species that grew in randomly determined 50 rocky 
areas (outcrop and scree areas) in the 2200 m or higher mountainous sections 
of the HVNP were determined. Plant samples were collected during the field 
study. The plants were identified with the Davis (1965-1988) method. In the 
study, 199 plant taxa were determined in the sampled rocky areas (Sarı, 2013). 

Twenty-five taxa with medicinal-aromatic properties and ornamental 
value were selected. In the determination of the medical-aromatic properties 
of the taxa, the literature (Çalı, 2014; Çakır et al., 2005; Çeker, 2019; Maroyi, 
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2019; Jurikova et al., 2016; Temel et al., 2015; Oran and Al-Eisawi, 2015; Kala, 
2006; Vitalini et al., 2013; Pieroni and Giusti, 2009; Kayani et al., 2015; Baytop, 
1999) and various plant database sites (PFAF, 2020; UTP, 2020; Gardenia, 
2020) were used. During analysis, the landscape use potential of plant species 
was also presented. 

 
Figure 1: Location of the Hatila Valley National Park, Artvin, Turkey 

 

RESULTS 
In the study, 25 taxa in 17 different families were analyzed (Table 1, 2). 

The medicinal-aromatic and ornamental properties and landscape use 
possibilities of the plant species are summarized in Table 1. Among the 
species, 10 were perennial, 4 were evergreen perennial, 3 were deciduous 
shrubs, 3 were evergreen shrubs, 3 were bulbs, 1 was evergreen fern and 1 
was annual plants. 

The ornamental features of the species such as flowers, leaves, form, 
texture and fragrance were significant. Based on landscape use, most species 
had the potential for consideration as ground cover in landscape designs. 
Since they were perennials, they could help create permanent and sustainable 
herbal compositions. However, these species, which are attractive in wildlife, 
could also contribute ecologically to natural life. The species with a potential 
for ethnobotanical studies due to their various medicinal and aromatic 
properties could also be preferred as various alternatives in gardens since 
they are edible. 
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Table 1: The medicinal-aromatic and ornamental properties and landscape use possibilities of the 25 species (*Author 
can not take any responsibility for any adverse effects from the use of plants. Always seek advice from a professional 
before using a plant medicinally) 

Plant species Family Life form Medicinal Uses * 
Ornament

al traits 
Landscape Uses 

Ajuga orientalis L. Lamiaceae 
Evergreen 
perennial 

Aromatic, antibacterial, 
anti-feedant, antipyretic, 
vulnerary diuretic, tonic, 
diaphoretic, astringent, 
bitter, homeopathic  

Attractive 
foliage, 
flowers, 
texture, 
form 

Ground cover, Border, 
Container, Erosion control, 
Massing, Rock garden, 
Specimen, Woodland 
garden, Attracts butterflies 
and bee 

Allium schoenoprasum L. Alliaceae Bulb 

Appetizer, Digestive, 
Hypotensive, Tonic 
Edible parts: Flowers, 
Leaves, Root 

Attractive 
and 
fragrant 
flowers 

Ground cover, Polyculture 
design, Border, Container, 
Massing, Rock garden, 
Insect repellent, Aromatic, 
Scented plants, Attracts 
butterflies and bee, 
Suitable for cut and dried 
flowers 

Antennaria dioica (L.) 
Gaertner 

Asteraceae 
Evergreen 
perennial 

Antitussive, Astringent, 
Cholagogue, Diuretic, 
Emollient 

Everlasting 
flowers 

Ground cover, Polyculture 
design, Drought tolerant, 
Xeriscape garden, Roof 
garden, Suitable for cut 
flowers and dried flowers 

Asplenium ruta- Polypodiaceae Evergreen Astringent, Deobstruent, Attractive Dry-stone or brick wall, 
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muraria L. fern  Emmenagogue, 
Expectorant, Ophthalmic  

foliage Rock garden, Shady areas 

Dactylorhiza umbrosa 
(Kar. & Kir.) Nevski 

Orchidaceae Bulb 
Demulcent, Nutritive 
Edible parts: Root 

Attractive 
flowers 

Ground cover, Polyculture 
design, Border, Container, 
Rain gardens 

Empetrum nigrum L. 
ssp. hermaphroditum 
(Hagerup) Böcher 

Empetraceae 
Evergreen 
shrub 

Antioxidant, antibacterial, 
antifungal, astringent, 
Diuretic, Kidney, 
Ophthalmic 
Edible parts: Fruit, Edible 
uses: Tea 

Attractive 
foliage, 
form, 
texture 

Erosion control, 
Foundation, Ground 
cover, Massing, Rock 
garden 

Epilobium 
angustifolium L. 

Onagraceae Perennial 

Antiinflammatory, 
antispasmodic, astringent, 
Demulcent, Emolient, 
Hypnotic, Laxative, 
Poultice, Tonic 
Edible parts: Flowers, 
Leaves, Root, Stem 
Edible uses: Tea 

Attractive 
flowers, 
form 

Polyculture design, 
Border, Attracts wildlife, 
Ground cover, Bee plant 

Euphrasia pectinata 
Ten. 

Scrophulariaceae Annual 

Antiinflammatory, 
Astringent,Digestive, 
Homeopathy, Ophthalmic, 
Tonic 
Edible parts: Leaves 

Flowers, 
form, 
texture 

Ground cover, Polyculture 
design, Container, Rock 
garden, Roof garden 

Helichrysum plicatum 
DC. subsp. plicatum 

Asteraceae Perennial 
Anti-mutagenic 
(Helichrysum sp.: Antiviral, 

Everlasting 
flowers 

Ground cover, Polyculture 
design, Drought tolerant, 
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Antiinflammatory, 
Antioxidant, Antimalarial, 
Antibacterial, Antidiabetic) 

Xeriscape garden, Roof 
garden, Suitable for cut 
flowers and dried flowers 

Hypericum linarioides 
Bosse. 

Guttiferae Perennial 

Antifungal 
(Hypericum sp.: 
antidepressant, antiviral, 
antioxidant, antimicrobial, 
antiseptics, antispasmodics, 
cytotoxic, sedatives) 

Flowers, 
form, 
texture 

Ground cover, Polyculture 
design, Container, Rock 
garden, Border, Herb 
gardens, Slopes 

Juniperus communis L. 
var. saxatalis Pall. 

Cupressaceae Evergreen 
shrub 

Antiseptic, Aromatic, 
Carminative, Diaphoretic, 
Diuretic, Rubefacient, 
Stomachic, Tonic, Edible 
parts: Fruit 
Edible uses: Coffee, 
Condiment, Tea 

Attractive 
foliage, 
form, 
texture 

Ground cover, Rock 
garden, Border, Slopes, 
Erosion control 

Myosotis alpestris F. 
W. Schmidt subsp. 
alpestris F. W. 
Schmidt 

Boraginaceae Perennial Astringent, Ophthalmic 
Fragrant 
flowers 

Scented Plants, Border, 
Container, Ground cover, 
Massing, Rock garden, 
Woodland garden 

Orchis mascula (L.) L. 
subsp. pinetorum 
(Boiss. & Kotschy) G. 
Camus 

Orchidaceae Bulb 

Antiflatulent, Astringent, 
Demulcent, Expectorant, 
Nutritive 
Edible parts: Root, Edible 
uses: Drink 

Attractive 
flowers, 
scented 
plants, 
form  

Ground cover, Polyculture 
design, Border, Container, 
Rain gardens 

Phedimus spurius (M. Crassulaceae Evergreen Anti-inflammatory  Attractive Ground cover, Green roof, 

https://pfaf.org/user/Search_Use.aspx?glossary=Antiseptic
https://pfaf.org/user/Search_Use.aspx?glossary=Scented%20Plants
https://pfaf.org/user/Search_Use.aspx?glossary=Scented%20Plants
https://pfaf.org/user/Search_Use.aspx?glossary=Scented%20Plants
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Bieb.) ´t Hart perennial Edible parts: Leaves 
Edible uses: raw or cooked 

flowers, 
foliage, 
texture 

Green or dry wall, 
Xeriscape garden, Vertical 
garden, Rock garden 

Polygonum bistorta L. 
subsp. carneum 
(Koch) Coode & 
Cullen 

Polygonaceae Perennial 

Antidiarrhoeal, Astringent, 
Demulcent, Diuretic, 
Febrifuge, Laxative, Styptic 
Edible parts: Leaves, Root, 
Seed 

Attractive 
flowers, 
foliage, 
edible 

Food forest, Ground cover, 
Container, Polyculture 
design, Rain gardens, 
Suitable for cut flowers 
and dried flowers 

Potentilla erecta (L.) 
Raeusch. 

Rosaceae Perennial 

Antibiotic, Antidiarrhoeal, 
Astringent, Enuresis, 
Haemostatic, 
Hypoglycaemic, 
Odontalgic 
Edible parts: root, Edible 
uses: tea 

Attractive 
flowers, 
foliage 

Ground cover, Green roof, 
Green or dry wall, Rock 
garden, Container 

Primula veris L. 
subsp. columnae 
(Ten.) Lüdi 

Primulaceae Perennial 

Anodyne, Antianxiety, 
Antiecchymotic, 
Antiinflammatory, 
Antispasmodic, Diuretic, 
Expectorant, Sedative, 
Sternutatory 
Edible parts: Flowers, 
leaves 
Edible uses: tea 

Attractive 
flowers, 
foliage, 
form 

Ground cover, Scented 
plants, Border, Container, 
Rock garden 

Prunella vulgaris L. Lamiaceae Perennial 
Alterative, Antibacterial, 
Antibiotic, Antidiarrhoeal, 

Attractive 
flowers, 

Ground cover, Polyculture 
design, Rock garden, 
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Antipyretic, Antiseptic, 
Antispasmodic, Astringent, 
Carminative, Diuretic, 
Febrifuge, Hypotensive, 
Stomachic, Styptic, Tonic, 
Vermifuge, Vulnerary, 
Edible parts: Leaves, Edible 
uses: Drink 

texture Woodland garden, Beds 
and borders, Container, 
Green roof 

Rosa villosa L. subsp. 
mollis (Sm.) Keller & 
Gams 

Rosaceae 
Deciduous 
shrub 

Cancer 
Edible parts: Fruit, Seed, 
Edible uses: Tea 

Flowers, 
foliage 

Polyculture design, 
Ground cover, Hedge, 
Food forest, Scented 
plants, Slopes  

Rubus idaeus L. Rosaceae 
Deciduous 
shrub 

Antiinflammatory, 
Astringent, Birthing aid, 
Cardiac, Decongestant, 
Oxytoxic 
Edible parts: Fruit, Root, 
Stem 
Edible uses: Coffee, Tea 

Fruit, 
attracts 
butterflies 

Erosion control, 
Foundation, Ground 
cover, Massing, Rock 
garden, Seashore, 
Polyculture design, Food 
forest 

Scabiosa columbaria L. 
subsp. columbaria L. 
var. intermedia (Post) 
Matthews 

Caprifoliaceae Perennial 
herb 

Antibacterial, Antifungal, 
Antiprotozoan 

Attractive 
flowers, 
form 

Border or rockery, 
Polyculture design, 
Container, Attracts 
butterflies, Suitable for cut 
flowers and flower 
arrangement  

Solidago virgaurea L. Asteraceae  Perennial Anthelmintic, Attractive Polyculture design, 

https://pfaf.org/user/Search_Use.aspx?glossary=Anthelmintic
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subsp. alpestris 
(Waldst. & Kit.) 
Gaudin 

Anticoagulant, Antifungal, 
Antiinflammatory, 
Antirheumatic, Aromatic, 
Astringent, Carminative, 
Diaphoretic, Diuretic, 
Febrifuge, Hypoglycaemic, 
Stimulant 
Edible uses: tea 

flowers, 
form, 
texture 

Container, Rock garden, 
Attracts wildlife, scented 
plants 

Stachys byzantina C. 
Koch 

Lamiaceae 
Evergreen 
perennial, 

Anti-carcinogenic 

Attractive 
foliage, 
texture 
 

Ground Cover,  
Banks and slopes, Beds 
and borders, Edging, Patio 
and containers, 
Underplanting roses and 
shrubs, Rock garden, 
Attracts butterflies 

Thymus praecox Opiz 
subsp. caucasicus 
(Ronniger) Jalas var. 
grossheimi (Ronniger) 
Jalas 

Lamiaceae 
Evergreen 
Shrub 

Anthelmintic, Antiseptic, 
Antispasmodic, 
Carminative, Deodorant 
Diaphoretic Disinfectant 
Expectorant Sedative Tonic 

Attractive 
flowers, 
form, 
texture 

Ground Cover, Rock 
garden, Beds and borders, 
Container, Green roof 

Vaccinium myrtillus L. Ericaceae 
Deciduous 
shrub 

Antidiarrhoeal, Antiemetic, 
Antiseptic, Astringent, 
Diuretic, Hypoglycaemic, 
Kidney, Ophthalmic, Tonic  
Edible parts: fruit, leaves, 
Edible uses: tea 

Attractive 
foliage, 
fruit, form 

Ground cover, Massing, 
Rock garden, Polyculture 
design, Banks and slopes, 
Food forest, Attracts 
wildlife 

https://pfaf.org/user/Search_Use.aspx?glossary=Anthelmintic
https://pfaf.org/user/Search_Use.aspx?glossary=Antiseptic
https://pfaf.org/user/Search_Use.aspx?glossary=Antispasmodic
https://pfaf.org/user/Search_Use.aspx?glossary=Carminative
https://pfaf.org/user/Search_Use.aspx?glossary=Deodorant
https://pfaf.org/user/Search_Use.aspx?glossary=Disinfectant
https://pfaf.org/user/Search_Use.aspx?glossary=Expectorant
https://pfaf.org/user/Search_Use.aspx?glossary=Sedative
https://pfaf.org/user/Search_Use.aspx?glossary=Tonic
https://pfaf.org/user/Search_Use.aspx?glossary=Antiseptic
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Table 2: Images of 25 plant species 

 
Ajuga orientalis 

 
Allium 

schoenoprasum 

 
Antennaria 

dioica 

 
Asplenium ruta-

muraria 

 

Dactylorhiza 
umbrosa 

 
Empetrum nigrum 

ssp. 
hermaphroditum 

 
Epilobium 

angustifolium 

 
Euphrasia 
pectinata 

 
Helichrysum 

plicatum subsp. 
plicatum 

 

Hypericum 
linarioides 

 
Juniperus 

communis var. 
saxatalis 

 
Myosotis 

alpestris subsp. 
alpestris 

 
Orchis 

mascula 
subsp. 

pinetorum 

 
Phedimus spurius 

 

Polygonum 
bistorta subsp. 

carneum 

 
Potentilla erecta 

 
Primula veris 

subsp. 
columnae 

 
Prunella 
vulgaris 

 
Rosa villosa 

subsp. mollis 

 

Rubus idaeus 
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Scabiosa columbaria 
subsp. columbaria 

var. intermedia 

 
Solidago 
virgaurea 

subsp. alpestris 

 
Stachys 

byzantina 

 
Thymus praecox 

subsp. caucasicus 
var. grossheimi 

 

Vaccinium 
myrtillus 

DISCUSSION AND CONCLUSION  
The alpine environment (mainly low-alpine and subalpine zones) 

represents a rich source of plant biodiversity for ethnobotanical purposes 
(Vitalini et al. 2013). The rocky habitats, prominent in mountainous areas, are 
important habitats for several plant and animal communities that could 
adapt to these environments where human pressures are relatively lower 
(Sarı and Acar, 2015). However, since the supply of medicinal and aromatic 
plants is generally based on collection from the nature, certain plant species 
became extinct or face extinction due to high demand. To conserve and 
sustain the existence of plant species, these species should be included in 
landscape design studies (Kevseroğlu et al., 2014). Thus, the extinction of 
indigenous plants could be prevented and a collection that reflects local 
medicinal and aromatic species would be created (Dönmez et al., 2016). 

Several taxa identified in HVNP could be adopted in alpine or rock 
gardens. Exhibition of these plants under suitable conditions would attract 
people and render the space interesting. It would also be beneficial both on a 
national and international scale for scientific and recreational purposes (Sarı 
and Acar, 2015). 

It is known that medicinal and aromatic plants could increase diversity 
in landscape design, strengthen spatial feeling, employed for educational 
purposes, increase social awareness and health, and reduce implementation 
costs (Pouya and Demir 2017). Thus, medicinal and aromatic plants have a 
significant effect on planting design. Furthermore, it is expected that the 
selected medicinal plants in floral compositions should be compatible with 
environmental conditions, they should possess visual qualities, should not 
have phytochemically harmful properties, should be calming and attractive, 
and provide the desired psychology with their colors (Pouya and Demir 
2017). 

There are several ornamental species in Turkey, which has a diverse 
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flora. The use of these species in conjunction with those with medicinal and 
aromatic properties would contribute to the recognition, conservation and 
sustainable use of our natural species (Sarı and Karaşah, 2019). The species 
analyzed in the present study could also contribute to these functions. Due to 
the increase in urban population and associated environmental problems, the 
natural areas have been decreasing in our environment. Thus, ecological 
approaches became significant in contemporary planning. In this context, 
aesthetic and functional properties of medicinal and edible plants, which 
have a wide range of utilization potential including roof gardens and vertical 
gardens, soil stabilization and container and pot designs, would add to the 
spatial value. 
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INTRODUCTION 

Climate is all of the meteorological events such as temperature, 
humidity, precipitation, wind, pressure, sunbathing, cloudiness, and 
evaporation, which have been observed in very large areas for many years 
and are set as average values (URL 1,2019). The climate is directly or 
indirectly influenced by human activities after the industrial revolution, with 
changes observed over a wide period. A result of this exposure, urbanization, 
industrialization, the use of fossil fuels, power plants and the increasing use 
in transportation, land-use change, deforestation, agricultural activities, 
changes in working life and life outside of working life, due to the increase 
in the number of greenhouse gases in the atmosphere, the climate changes in 
the components of the Earth's atmosphere are exposed to. This change 
defines it as "climate change" (BMİDÇS, 2004; Kılıç, 2009).  

Climate change; increase in global temperature, decrease in the amount 
of snow and ice, increased epidemic diseases, lack of food safety, financial 
losses, poverty, increase in death and injuries, changes in the life cycle of 
plants and animals, heavy rains, floods, typhoons and hurricanes, rising sea 
levels, warming oceans, drought, desertification, climate migration, water 
shortages, forest fires (Ateş ve Yavuz, 2019; Tuğaç, 2019). These changes 
emerge mainly from urban areas rather than rural areas. The developments 
in the areas of industrialization, globalization, urbanization, economy, and 
technology in the cities trigger this situation and make the cities stand out as 
the areas that will be affected the most in terms of climate change (Tyler and 
Moench, 2012). In this respect, various countries have come together to make 
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various agreements, protocols, agreements, and plans that will demonstrate 
the importance of the issue in the fight against climate change and adaptation 
in cities (Özcan, 2018a). Of these, the United Nations Framework Convention 
on Climate Change (UNFCCC) in 1992, the Kyoto Protocol (KP) in 1997, and 
the Paris Climate Agreement in 2015 are just a few of the studies. Convention 
and protocol; It is the work created to minimize the negative effects and 
pressures of people on the climate system in the climate change in cities, to 
keep the greenhouse gas in the atmosphere at a certain level, to impose 
restrictions and to reduce, but also to be effective in the emission trade, capital 
and technology movements at the international level (URL 2, 2019). At the 
same time, the "Conference of the Parties-COP" held by the countries that are 
parties to the United Nations Framework Convention on Climate Change, to 
come together in annual meetings. In these meetings, opinions regarding the 
effective and practical implementation of UNFCCC, climate change, and 
struggle are presented and studies are carried out (UNFCCC, 2003).  

One of the other works done is the Paris Climate Agreement. This 
agreement; Starting with the 13th Conference of the Parties held in Bali, 
Indonesia in 2007, the 21st Conference of the Parties was unanimously 
adopted by 197 countries that were parties to the UNFCCC on 12 December 
2015 (UNFCCC, Paris Agreement, 2016). The agreement entered into force on 
4 November 2016 in line with the condition that at least 55 parties, which 
constitute % 55 of the global greenhouse gas emissions, will be approved as 
of 5 October 2016. Compared with this agreement, the most prominent 
feature of the Paris Climate Agreement is that it foresees a system in which 
all countries can contribute. In the agreement, no criteria have been set for 
classification between developed and developing countries in the fight 
against climate change and adaptation, but no differentiation has been made 
(URL 3,2020). 

The Paris Climate Agreement is a global and legally binding treaty. Its 
main aim is to keep the global temperature rating below 2 degrees and to 
make efforts to limit the increase to 1.5 degrees above pre-industrial levels. 
In this respect, it aims to engage developing countries and vulnerable 
countries in better quality actions in front of their national objectives by 
putting the appropriate financial resources into place to achieve the basic 
objective (UNFCCC, Paris Agreement, 2016; UN-HABITAT-Sustainable 
Urbanization in the Paris Agreement Report, 2017). Thus, for the first time, 
this treaty brought together all nations on a common purpose on which their 
historical, current and future responsibilities are based. At the same time, it 
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has been a historical turning point in the way it sets out actions for a low-
carbon, sustainable future in tackling and adapting to climate change (Tuğaç, 
2019). At the same time, this agreement has the feature of being the first global 
agreement that came into force 1 year after its adoption (URL 3,2020). 

Considering Turkey's place in the Convention, Protocol, and agreement, 
197 countries have already been parties to this convention since the United 
Nations Framework Convention on Climate Change came into force in 1994. 
As a member of the Organization for Economic Co-Operation And 
Development in Turkey, in 1992, the UNFCCC's in the contract also found 
that with the adoption of the developed countries have been included in 
Annex I and Annex II list. But held in Marrakesh in 2001, COP 7 in 26 / CP.7 
No. of decisions taken in line with Turkey UNFCCC's removed from the 
Annex I list, if the Annex I list has remained Recognizing the special 
conditions. Posted October 21, 2003, and published in the Official Gazette No. 
25 266 October 16, 2003 Date and deemed appropriate in accordance with the 
scope of Law No. 4990 on May 24, 2004 Turkey joined the 189 signatory 
countries to the agreement. In the Kyoto protocol, Turkey February 5, 2009. 
The date and 5386 numbered "Turkey Grand National Assembly Adoption" 
with May 13, 2009, and 2009/14979 numbered "with Council of Ministers 
Decision" participation after the vehicle being presented to the United 
Nations became a party on 26 August 2009 (URL 4, 2020; URL 5, 2020).  

Paris Agreement on Climate Turkey, 175 countries together with 
representatives held on April 22, 2016, in New York "at the signing ceremony 
of the High Level" is highlighted by signing the Agreement we signed our 
National Bee as a developing country (URL 3, 2020). 

In addition to the above-mentioned convention, protocol, and agreement 
on combating and adapting to climate change, local governments and cities 
carry out their studies under the concept of “climate-friendly cities”. 

CLIMATE-FRIENDLY CITIES 

Today, after the traditional urban development has changed with 
climate change, a new urban development structure has emerged under 
the title of “climate-friendly cities”. This structure; local user and 
management participating in combating and adapting to climate change, 
sustainable, accessible, safe, and high quality of life, prepared for natural 
disasters, compatible with nature and climate, protecting its natural, 
cultural and historical texture, offering climate-friendly spaces on 
infrastructure and superstructure. refers to cities that are conscious, 
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aware, and environmentally friendly, protect their green areas, natural 
resources, biodiversity, agriculture, forest, and pasture lands, develop 
socio-economically, provide energy efficiency and have low carbon 
emission levels (Özcan, 2018a). These cities need to develop and develop 
in combating and adapting to the effects of climate change. Accordingly, 
there are some issues that cities and local governments should focus on 
(URL 6,2020). These; 
Cities; 

• Realizing that it is time to act, 
• To make choices for environmentally friendly and livable cities that 
will be aware that the future of life in cities, 
• Developing and creating policies for sustainable energy, housing, 
transportation, land planning, and waste management, 
• To work primarily to reduce carbon emissions originating from the 
city in which it is located, 

Local Governments; 
• To make sustainable, efficiency-oriented demand management, to 
make development plans with an environmental and climate 
dimension in the foreground, 
• To give importance to public health, 
• To carry out infrastructure works in the cities, to repair the 
problematic parts, 
• To develop local and edible energy solutions, 
• To prevent smuggling in my energy use, 
• To bring energy-efficient architectural solutions, 
• Wastewater management - To ensure water reuse and reuse, 
• Ending illegal water use and network-related leaks, 
• To give importance to the works to decrease the emission rate in 
transportation, 
• To make sustainable reorganizations for parks, squares, urban-
urban agricultural areas, universities, and hospitable cities, 
• To create green textures such as parks, green spaces, green facades, 
urban forests in cities. 

In the study by Raven et al., it explained the cities in the direction of their 
formal and usage strategies for the development and development of climate-
friendly cities in Figure 1 by visualizing it (Raven and et al.,2018). 
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Figure 1. Formal and usage strategies of the cities about adaptation and 
struggle with climate change (Raven and et al., 2018). 
 

1. Picture; Reducing greenhouse gas emissions and waste heat through 
transport access, energy efficiency, and walkability 
2. Picture; Changing the shape and layout of urban areas and buildings 
within 
3. Picture; Using heat resistant structure and reflective surface coating 
materials 
4. Picture; To increase the vegetation cover. 

 

In addition to these, in a 2015 study by Mitchell et al, he has done his 
work on the land in climate-friendly urban development and development 
(Mitchell and et al.,2015). According to this study; 

• Determination of suitable and safe lands for Urban Development and 
making them accessible to the needy in their determined lands, 

• Prevent unofficial developments in unsuitable areas, 
• Relocation and land regulation in appropriate areas and some existing 

unofficial lands as a result of proper negotiations with affected individuals, 
and implementation of building standards and codes to enable the 
construction of buildings that are resistant to climate hazards about their 
location, 

• Providing security to prevent all legal land invasions, including rental 
and tenancy arrangements. This allows existing and reorganized 
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communities to have secure property rights. 
• Focus on carrying out infrastructure and Community Services at the 

level of residents to increase the adaptation capacity of residents in all 
settlements. 

FEATURES OF CLIMATE-FRIENDLY CITIES 

By examining the example of climate-friendly cities in the World and 
Turkey, and a study was made of the need to have what features of this city. 
As a result of this study, the characteristics of climate-friendly cities have 
been collected under 14 titles and explained in subtitles (Miola et al., 2015; 
Özkan, 2018b). These;  
 

1. Buildings; 
 Having infrastructure systems that provide information about energy 

consumption, 
 All users (especially the elderly, disabled, children, etc.) making 

appropriate arrangements, 
 Smart system applications (rainwater collection), 
 Green and cool roof structures, 
 Use of renewable energy sources such as solar panels, geothermal 

energy, 
 Heating and cooling systems to be the central system. 

 

2. Waste 
 Facility or facilities for the treatment of wastewater, 
 Ensuring that solid waste systems are sustainable, 
 Finding the facility or facilities for the recycling and recovery of waste 

materials, 
 Having waste management systems; auditing and observation 

procedures are also performed 
 Facilities or facilities are available for both collection and sorting of 

packaging waste, 
 Carrying out studies to decrease the amount of Urban-Domestic 

waste, 
 Finding wild storage area or areas, 
 Improvements are made in the wild storage areas and they have been 

made, 
 The presence of compost plant or facilities, 
 Regular storage facilities or sites, 
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 Financial support for recycling activities by the local method. 
 

3. Transportation and Infrastructure 
 Have a blueprint for the use of land, 
 Finding the zoning plan, 
 Having transportation plans underway or existing, 
 Having the main Traffic Management System Center, 
 Presence of intelligent signaling systems in urban centers, 
 Solar panels used in traffic lights, 
 Using Intelligent Parking Systems, 
 LPG, electric/ hybrid buses are used in public transportation, 
 Having existing infrastructure systems and having infrastructure 

building projects related to them, 
 Public transport using Biofuel/ biofuel, 
 Existing bicycle paths, bicycle parking areas, bicycle rental systems, 

bicycle path and parking area for the projects to be found, 
 Having projects and existing lines of rail and light rail systems, 
 Plans for bicycle and pedestrian paths are prepared or being prepared 

in the main transport plan, 
 Enabling or limiting the automobile to enter urban centers at certain 

time intervals, 
 Pedestrianization and creation of pedestrian axles in public spaces, 
 Having city squares closed to traffic, 
 Having areas where Park continue systems are used, 
 Having filling points for electric vehicles, 
 Public transportation is designed to suit individuals with disabilities, 
 Pavements and roads should be arranged so that people with 

disabilities can have easy access, 
 Reductions that will facilitate the use of disadvantaged individuals 

(such as elderly, children, young, immigrants, ex-convicts) in the 
transportation system, 

 Discounts or free use of clean fuel and parking spaces for vehicle 
users, 

 Implementing deterrent fee-taking policies to prevent long-term 
parking in central areas of cities, 

 Designing and designing different public transport systems and bike 
paths will be interrelated, 

 Different public transport vehicles have or will be integrated into 
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bicycle parking areas in stop areas. 
 

4. Use of Agriculture, Pasture and Forest Lands 
 Having ecological farming practices, 
 Having organic farming practices, 
 Having sustainable and good agricultural practices, 
 The drip irrigation method is used in agriculture, 
 Rangeland and forest fires have decreased compared to the previous 

year and years, 
 Efforts are being made to reduce the number of pasture and forest 

fires, 
 Having urban forests/forests, 
 Industrial forests/trees, 
 Some measures have been taken at the provincial and local 

governance scale in the land use of agriculture, pasture and forest 
areas, 

 Evaluation of 2D lands as forest areas or green areas, 
 Studies, precautions, projects, and applications are being carried out 

or made on issues such as agriculture-pasture-forest ecosystems, 
ecological-organic-well-sustainable agricultural practices, climate 
change, reduction of the number of forest and pasture fires. 
 

5. Energy 
 The share of renewable energy in energy consumption, 
 Awareness-raising activities are carried out by local governments to 

save energy, 
 Reducing the consumption of energy compared to the previous year 

and years, 
 Regional heating systems for heating mass housing areas, 

neighborhoods, cities, and industrial facilities, 
 Solar panels in public lighting systems, 
 Recycling systems that will generate electricity from garbage waste, 
 The use of vehicles that will provide energy-efficient lighting in public 

lighting, 
 The presence of wind turbines in areas outside of their settled areas, 

 

6. Water 
 Having water and hygiene monitoring systems, 
 Use of groundwater resources, 



172 
 

 There are projects and practices regarding the protection of existing 
water resources, 

 There are projects, applications, and works to make the wetlands dry 
again. 

 Reducing water consumption compared to the previous year and 
years, 

 The minimum number of municipal populations or residences 
serving with wastewater treatment facilities is % 70, 

 The minimum number of municipal populations or residences 
serving with sewerage network is % 90, 

 In addition to water resources, marshes, dams, lakes, ponds, and 
seawater, wastewater; to be within the specified value ranges 
according to the quality criteria specified by the water pollution 
control regulation. 

7. Natural Disasters 
 There are existing risk and action plans for natural disasters in cities 

or they are being made, 
 There are natural disaster risk maps available or are being made on a 

provincial scale, 
 The number of people who died due to natural disasters decreased 

compared to the previous year and years, 
 In disaster situations, vehicles such as ambulance, the fire brigade are 

located within easy reach of the departure point, 
 Raising awareness and training activities for natural disasters, 
 The presence of search and rescue teams on a provincial scale, 
 Structuring was not made from stream beds, 
 In the fight against erosion, necessary measures such as planting, 

improving vegetation and terracing have been taken, 
 There are systems to anticipate, warn and observe natural disasters 

caused by climate change, 
 The development of mass media and media tools for local 

governments to communicate between disaster management, social, 
education and health institutions and the local righteous. 

 

8. Ecosystem and Biodiversity 
 The amount of green space per person, 
 Having a zoo, 
 The presence of the arboretum and herbarium, 
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 Having wind corridors, 
 Having biodiversity inventory and monitoring project, 
 The ratio of the common bird index, 
 Having a city park or parks, 

 

9. Social Stress Factors 
 Documenting that air pollution is within the legally determined 

parameters, 
 Some projects and expenditures have been made or are underway to 

reduce air pollution, 
 Having maps showing noise pollution. 

 

10. Combating and Adapting to Climate Change 
 The air quality index values determined by the Ministry of 

Environment and Urbanization should be within the desired range, 
 Having urban transportation strategies that are sensitive to the 

climate, 
 Organizing events such as congresses and seminars within the scope 

of climate change, 
 Participation in international studies, networks, and platforms on 

climate change, 
 Local climate change action plans already exist or is being prepared, 
 The existence of local administrations' budgets and resources in 

combating climate change and adaptation, 
 Presence of other projects on combating climate change and 

adaptation, 
 The efforts of coastal cities on combating climate change and 

adaptation have been added to their existing plans, 
 Objectives are given for the reduction in emission rate, 
 Inventory related to CO2 emissions and supervision of these 

emissions, 
 

11. Tourism, Culture, and History 
 There are projects and works on bringing cultural or historical 

structures into tourism, 
 There are projects and studies aimed at bringing tourism sites such as 

urban sites, historical sites into tourism, 
 Agro-tourism activities and projects are being carried out, 
 Cultural and historical events organized or attended on a national or 
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international scale, 
 Cultural and historical projects that have been or are being carried out 

on a national or international scale, 
 Cultural and historical collaborations on a national or international 

scale, 
 Preservation plan for protection purposes, 
 Renovation works in cultural and historical buildings, 
 The increase in the number of annual tourists staying. 

 

12. Urban Security 
 Urban-oriented crime rates decrease compared to the previous year 

and years, 
 Having urban security and monitoring systems, 
 Having a sufficient number of lighting elements in public spaces, 
 Traffic accidents, the number of people who died in accidents and the 

number of mortal traffic accidents decreased compared to the 
previous year and years, 

 

13. Socio-Economic Value 
 The amount of income per capita has increased compared to the 

previous year and years, 
 Real gross domestic product per capita, growth rate and real totals 

increased compared to previous year and years, 
 Total gross domestic product increased compared to the previous 

year and years, 
 Social and economic study programs are being implemented, 
 Local government spending / spending on environmental and urban 

planning issues, 
 Total export rate made is higher than the total import rate, 
 The employment in the province has increased compared to the 

previous year and years, 
 The annual migration rate decreased compared to the previous year 

and years, 
 The plans for spending / spending on combating climate change and 

adaptation are made by the local government, 
 Total workforce rate has increased compared to previous year and 

years, 
 Increase in the number of people receiving postgraduate education 
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compared to previous year and years, 
 The increase in education expenditures compared to the previous 

year and years, 
 Increased life expectancy from birth compared to previous year and 

years, 
 The death rate has decreased compared to the previous year and 

years, 
 Elderly dependency ratio decreased compared to the previous year 

and years, 
 The production of agricultural products with high added value. 

14. Local Participation 
 Local government should have knowledge about the duties of local 

governments in line with the Climate Change Action Plan, 
 The studies should be organized or will be organized with the 

participation of local administrations, local non-governmental 
organizations, universities, and educational institutions to raise 
awareness on the issues of combating climate change and adaptation, 

 Local media should include publications and environmentally 
friendly products in their advertisements that raise awareness of the 
issues of combating climate change and adaptation, 

 The local government's organizing or organizing events on combating 
climate change and adaptation, 

 Public awareness-raising activities on combating climate change and 
adaptation by the local government, 

 Conducting informing and awareness-raising activities on the effects 
of climate change on human health with the support of the provincial 
health directorate of the local government, 

 Local government is making training programs for local people to 
raise awareness on issues such as climate change, water, and energy-
saving, waste. 

 Providing the local government with the support of the provincial 
disaster directorate to inform the local people about emergencies and 
defense measures, 

 Efforts are being made by the local government to use renewable 
energy sources such as solar energy, geothermal energy, wind energy. 

 

Also, there are some mitigation and adaptation features for urban land 
use in climate-friendly cities. These features were introduced in 2011 by the 
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Urban Climate Change Network (UCCRN) (UCCRN, 2011). 
 Changing building regulations to reduce energy use in the area of 

cooling and heating, 
 To make applications such as increasing urban vegetation and tree cover 

to reduce the heat island effect in cities, 
 To change land regulations and building regulations to reduce the risks 

arising from climate change, 
 To impose restrictions on the use of lands in areas formed as a result of 

rising and flooding at sea levels by being exposed to the effects of climate 
change, 

 Reducing urban sprawl by creating mixed land use and reducing the use 
of cars in traffic and directing the use of public transport to increase 
population and building densities. 
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 1. Introduction 

Landscape is both natural and cultural qualities of an area. The European 
Landscape Convention (ELC) defines landscape an area as perceived by 
people, whose character is the result of the action and interaction of natural 
and/or human factors (Council of Europe, 2000). Continuing interactions 
between man and nature bring different characters to the landscape beyond 
a representational geography. Such interactions shift landscape into a 
cultural product. 

The term ‘culture’ is derived from the Latin ‘colere’, which means to 
cultivate, to care for or to preserve (Naveh, 1995). The term landscape is often 
evolved with human cultural practice and customs (Wylie, 2007). Kenneth 
Olwig calls landscape as an active scene of practice (Taylor, 2009) while Carl 
Sauer talks about landscape as a cultural entity, something that human-
crafted, a modification of nature (Wylie, 2007). Cultural modification of the 
landscape might be compatible with the natural environment and enhance 
qualities of nature rather than making them disappear (Pedrolil et al., 2007). 

According to Makhzoumi et al., (2012) landscapes are by products of 
human adaptations of natural settings for the purpose of securing shelter, 
food and/or for pleasure. Involvement of culture into the nature leads to 
different forms of cultural landscapes. Farina (2000) points out that the 
cultural landscapes are geographic areas in which the relationships between 
human activity and the environment have created ecological, socioeconomic, 
and cultural patterns. Culture and landscape are highly interconnected 
(Coleman, 2003). Man expresses his place in nature as a distinct agent of 
modification (Sauer, 1925) where such modification of nature into the culture 
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appears most typically in rural landscapes. 
Rural landscapes are the landscapes blended by human activities, 

appreciated by traditional land use models and cultural features and 
consisted of valuable natural habitats of wildlife and flora. Traditional land 
models, local architecture, mountains, valleys, forests, rivers often define the 
rural landscape characters. Natural features consist of topography, soil, 
geology, vegetation and wildlife collectively define the biophysical layer of 
the landscape.  

 Rural landscapes are special modes of reciprocal relations where nature 
has been shifted for basic human needs, but strongly interpreted by culture. 
As an art of cultivating land, agriculture determines main characters in rural 
landscapes. Agostini (2008) points out that agriculture represents human’s 
oldest ability to modify a site to their own advantage and, traditionally, 
farming structures provide the elements that characterize the sense of the 
place.  

Mediterranean region captures the attention on account of its 
geographical position with an enclosed sea by three continents as well as of 
great topographical and climatic heterogeneity. The region is not consisting 
only of long coastal areas but also continental lowlands and mountains with 
diverse landscapes. It is characterized by evergreen and drought-tolerant 
plant species, karstic landforms and mesozoic limestone and travertine 
deposits. According to Makhzoumi and Pungetti (2005), rural Mediterranean 
landscapes are extremely complex because they result from multiple 
interactions between ecological and cultural processes.  

The construction of Mediterranean space is always characterized by a 
widespread humanization of the environment close to and in respect of 
natural elements (Karpodini-Dimitriadi, 2009). What makes Mediterranean 
unique is the transformation of natural areas to human product since the 
Prehistoric times. Chiva and Varas (2013) articulate that human activity has 
contributed to the creation of a majestic landscape where typical 
Mediterranean crops alternate with pine and oak forests, offering a 
patchwork of olive groves and vineyards. A rich and diverse mosaic of 
woodland patches, degraded maquis scrubland, terraced perennial cropping 
of olives trees and vineyards are typical elements of the Mediterranean 
landscapes.  

The rural Mediterranean landscapes are characteristically combination 
of ‘natural’ and ‘cultural’ ecosystems (Makhzoumi et al., 2013). Hereby, rural 
is often interpreted by pastoral or rustic where nature is blended by less but 
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variety of human activity. Depending on the country, characters of rural 
landscapes are mainly associated with agriculture. Land uses and land use 
activities, patterns of spatial organization, cultural traditions, buildings, 
structures and objects are some of the main rural characters (NPS, 2014). 

The character of farming and the nature of rural communities are 
reflected directly in the landscape (Greider and Garkovich, 1994). Agnoletti 
(2013) states that morphological differences, farming systems, settlement 
patterns and local styles of rural buildings places their distinctive stamp on 
the landscape of rural areas. Hereby, spatial organization is defined by land 
use patterns, driven by the motivation of cultural traditions. Responses to 
natural environment relates natural environment to human elaboration of the 
land. According to Benoit and Comeau (2005) Mediterranean rural has been 
organized in four major components; intensively cultivated home gardens, 
grain fields, forests providing fuel wood and, grazing lands and wooded 
pastures. Nevertheless, heterogeneity of natural environment allows 
different forms of shift from nature to rural. Karpodini-Dimitriadi (2009) 
defines Mediterranean characteristics of Greek rural landscapes as the sea as 
the main source of communication and connectivity, the agricultural 
practices, and the interaction between the man and the surrounding nature. 

Turkish Mediterranean is characterized by its own distinctive and 
diverse landscape types ranging from high mountains to sandy beaches, from 
impenetrable forests to semi-arid plateaus, from scattered mountain 
settlements to densely populated cities. Rural characters on the other hand 
depend on the geomorphology of the land, availability of water sources and 
arable lands and also cultural aspects of nomadic life style.  

The aim of this study is to analyze the characteristics of rural landscapes 
in Korkuteli Region of Antalya Province of Turkey in order to see how they 
are shaped and evolved with regard to natural factors such as topography, 
climate, geology, vegetation in a Mediterranean context.  

2. Material and Method 

Korkuteli is a mountainous area located on the northwest part of Antalya 
(Figure 1). It has an average altitude of 1026 meters with mountains that go 
up to 2770 meters. Karstic landscape is typical in Korkuteli with dolines, 
potholes, depressions, dry valleys and small lakes. Large plateaus above 1000 
meters are often divided by lime stone rock outcrops. Therefore, plateaus and 
highland plains function as a gateway between mountains and provide 
ground for agriculture and animal husbandry. 
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Figure 1. Location of the study area, Korkuteli 
 
Soils are mainly Mediterranean terra rosa soils with liming factors such 

as shallowness, slope and erosion. Climate is terrestrial and semi terrestrial 
in character with dry and hot summers, but cold and snowy winters. Natural 
vegetation consists of forests of Juniper (Juniperus exelsa, Juniperus oxycedrus), 
Red Pine (Pinus brutia), Oak (Quercus coccifera, Quercus infectoria), Cedar 
(Cedrus libani) while cultural vegetation is mainly characterized by 
agricultural crops. 

The history of Korkuteli goes back to prehistoric times. Located on 
ancient Psidia, Korkuteli was first found in 200 BC and named as Isinda. As 
the region was on an important trade route, Korkuteli witnessed many 
civilizations. Numbers of mounds and cultural heritage indicate the 
historicity and cultural diversity of the region. It was named after the honor 
of Ottoman Prince Mehmed Korkut.  

When characterizing the rural landscapes of the study area, rural 
settlements, locations, settings, settlement patterns, rural houses, gardens 
and fields were analyzed with regard to basic ecological layers in which 
geomorphology, topography, climate, vegetation and hydrology were taken 
into account (Figure 2).  

 
Figure 2. Natural and cultural factors in the characterization 
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3. Findings 

3.1. Topography and rural settlement forms 

The sites and the locality of rural settings are often start with a search to 
find an appropriate place. In the Mediterranean mountain landscapes, 
topography plays an important role in the delineations of rural setting. 
Frattaroli et. al. (2014) articulates that many rural traditional or historic 
landscapes of the Mediterranean basin have been preserved in hilly or 
mountainous areas.  

Korkuteli is typically a mountainous region with different 
geomorphologic features of plain, plateau, valley and piedmont and 
therefore rural setting diversifies notably according to topography. Hereby 
most common rural settlement forms for Korkuteli were identified as linear, 
radial and organic, respectively (Figure 3). The results showed that rural 
settlements in organic layout are the most common type which developed in 
harmony with the natural environment they set in. They are adapted to the 
natural characteristics of the landscape and provide better housing 
environment than other settlement forms.  

3.2. Geomorphology and geographic position 

 Physical features of the earth surface and type of geological structures 
are closely related to rural landscapes. Turkish Mediterranean lies typically 
on a karst terrain which usually refers to limestone, characteristically lacking 
surface drainage and possessing thin soil cover (Huggett, 2007). 

Geomorphology of Korkuteli is characterized by limestone bed rock and 
karstic landscapes. The origin of its geology dates back to quaternary. Polje 
depressions are main highland plains in the region. They are a series of 
transition between high mountains and lowlands. The plateaus create 
diversity in the landscape and entail suitable grounds for different patterns 
of land use.  
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Figure 3. Rural settlement types in Korkuteli; Tatköy, Linear (a), Küçükköy, 
Organic (b) 

 
Due to geomorphology of the region four types of settlement form were 

defined; plain, piedmont, valley and plateau (Figure 4). Some settlement 
forms have become identical in accordance with geographical positions. For 
example; linear form of settlements is seen in the valleys in parallel to rivers.  

 

 
Figure 4. Geographic positions of some rural settlements; Avdan, Valley (a), 
Esenyurt, Piedmont (b), Taşkesiği, Plateau (c). 
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3.3. Climate and rural buildings  

Mediterranean climate is typically characterized by hot and arid 
summers and mild and rainy winters. Climate affects rural characters in 
many ways. Crops are selected amongst the plants well adapted to local 
climate. Local architecture is shaped by weather conditions of the region.  

 As a mountainous region, climate of Korkuteli is semi-terrestrial with an 
average annual temperature of 12,80C and a rainfall of 406 mm. Snowfall in 
particular affects the characters of house structure, roof type and the building 
material. 

A strong tendency to locate the houses to the best available aspect 
shows that local knowledge develops in accordance with the local 
environment and then produces local buildings that can benefit from sun 
and wind. There are several practical solutions for gaining benefits from light 
and wind direction and protecting cold and precipitation. For example; to 
provide heating in cold winters, a fire place is placed in almost each room of 
the house fixed in 40-50 cm wide walls.  

3.4. Vegetation, building material and garden 

Vegetation in rural landscapes represents both natural and cultural plant 
life. Native vegetation symbolizes natural enclosure while cultural vegetation 
is the product of human effort to culture the nature for basic commodities of 
food. 

Amongst native trees, Cedar (Cedrus libani), Juniper (Juniperus exelsa) and 
Red pine (Pinus brutia) were commonly used as building material in 
Korkuteli’s rural houses. Durable woods of Cedar and Juniper in particular 
constituted the conveyor system and also were used as buttress, beam and 
peripheral tie in houses. In locations where there are water features, other 
materials appeared. For example; Common reed (Phragmites australis) was 
used as a fodder on the walls and roofs to provide natural isolation. Native 
bushes like the Kermes oak (Quercus coccifera), Hawthorn (Crataegus 
monogyna) and Mock privet (Phillyrea latifolia) are collected and used to 
construct hedge for gardens. It is also a green border to control animal 
movement between the interior and exterior of the garden. Sometimes these 
bushes are placed on top of the garden walls and later used as fuel wood for 
cooking (Figure 5). 

Barbera and Cullotta (2016) suggest that Mediterranean garden in the 
traditional rural landscape certainly seems necessary. According to Avcı 
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(2016) gardens are spaces where architecture conjoins landscape on a design 
level. They are the fundamental exteriors of houses where rural life takes 
place and vegetables, fruits and ornamental plants are grown. In Turkish 
culture, garden is regarded as the second living space outside the house. 

Traditional house gardens in rural landscapes of Korkuteli have multiple 
uses. Besides being a space for relaxation and households, gardens are place 
of food production and used as kitchen, laundry, woodshed where foodstuff 
for winter were prepared. Depending on the size, there can be a granary, a 
well, a car park, a henhouse and a small warehouse in the garden. 

 
Figure 5. Use of vegetation as a building material 

3.5. Hydrology and foundation of rural settlements 

In the Mediterranean region, water plays a key role in the embodiment 
of rural landscapes. In most cases, rural settlements are established near 
water sources such as rivers. The presence of water means changes in the 
pattern of cultivation and determines the evolution of rural settlements. In 
Korkuteli, two types of rural settlements are seen in relation to water sources. 
Some upper villages were first established when there was enough water, but 
later deserted due to the deprivation of water sources. On the other hand, 
some lower villages were moved to accommodate irrigated farming.  

Water issue has also become a cultural product in Korkuteli with small-
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scale elements like cisterns and underground reservoirs which catch and 
store rain water. There are different types of cisterns. Some were constructed 
below the ground and some others above. Cisterns are typical elements of 
public squares in villages alongside with a big Plane tree (Platanus orientalis) 
and a café house nearby. They used to serve a social space for local 
communities. In addition, stone grinds by some of the old cisterns show that 
local people also cooperate for processing wheat into flour in public squares 
of the villages.  

4. Discussion and Conclusion 

As a result of the interaction between human and nature, landscape 
becomes a diversity of visual, cultural and ecological constructs (Atik et al., 
2015). Accordingly, as stated by Coen et al. (1987), the rural landscape 
exhibits natural and human elements subject to ecological, economic and 
cultural forces. This relationship creates a pattern upon the landscape - a 
complex and changing pattern of agriculture, rural communities, industrial 
and residential development, wildlife habitat, soil, water and plant life. 

The Eastern Mediterranean was among the first places on earth where 
stock farming, cereal production and domesticated plant cultivation 
developed (Makhzoumi and Pungetti, 2005). Therefore, a great diversity of 
rural landscapes and rural characters are evident in the region. Mountain 
landscapes are formed by the tectonic plates where the territory was 
escalated by the masses of land in a vertical direction. Ranges, headlands, 
peaks, saddles, ridges are the prominent land forms. From an ecological 
perspective, Mediterranean mountains are characterized by an extremely 
diversified ecosystem and provide local populations with basic goods 
(UNEP, 2015).  

Korkuteli region of Antalya is a mountainous area in the Turkish 
Mediterranean highlands. It represents a typical karstic geomorphology and 
steep topography divided by vast plateaus. These biophysical characters 
bring impressive scenery blended with rural settlements and other rural 
elements.  

Palang et al., (2004) specify that rural landscapes were transformed into 
sceneries by the people who inhabited them. Nomadic life style and culture 
played an important role in shaping the landscapes of the mountainous 
Turkish Mediterranean. Stock farming has been the main economic activity 
on the high mountains while agriculture took place on the lowlands. 
Tradition lifestyle of local people is mutually connected with the landscape 
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on the way that they lay out in the land. Spatial pattern of gardens and fields 
are delineated in conjunction with stock farming and/or agriculture. Local 
houses overlook gardens at the east direction where animals were kept in a 
defined, open cage and where the rest of space was allocated for growing 
crops. 

Settlement patterns in rural areas are shaped by the organization of 
farming activity as well as natural environment. Rural houses have become 
substantial by the evolvement of culture and nature. Settlement pattern 
becomes specialized by the adaptation to the local environment. Agostini 
(2008) states that, in order to use as little productive land as possible and for 
solidarity given the environmental conditions, rural settlements are generally 
concentrated in valleys and on sunny mountain sides in the Italian case. We 
see a similar approach in the site selection for houses in Korkuteli. 
Topography and proximity to agricultural lands as well as climatic 
conditions played important role in the selection of suitable location. Houses 
were often clustered on the east face of foothills of the mountains looking 
over to agricultural fields.  

The vernacular character of the villages is reflected in the way that they 
are placed in the environment. This can be appreciated in the architecture of 
vernacular rural houses, the interior design of buildings, the application of 
traditional building materials such as wood, stone or bricks (Momeva-
Altiparmakovska, 2008). In Korkuteli, natural stones that can be locally 
found, special type of earth, mud-brick, wood, reed and the combination of 
these materials were used as construction material of local houses. 
Vernacular architecture becomes the language of rural landscape. The rural 
houses in Korkuteli have multiple functions: shelter for people, space of 
living, shelter for domestic animals, storage for food, park for machinery. 
Having cultural imprints of nomadic life, two floor local houses were 
designed to accommodate basic needs of local residents. Ground floor was 
reserved for barn, hayloft, storage and poultry house while upper floor was 
retained for kitchen, bedrooms and living rooms (Figure 6).  

The building tradition in rural areas is to use building materials which 
are more easily found locally (De Joanna et al., 2012). Picuno (2016) notes that 
one of the most interesting traditional construction material is the sun-dried 
earth brick made of raw clay soil (so-called, “adobe”), often improved by the 
addition of fibers to control cracking while drying in the sun. Earth and mud-
brick is widely used in the masonry in Korkuteli (Çekül, 2012). 

The natural material of earth, stone, wood and mud brick that are used 
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in houses renders an adaptation to local climate. Enclosure of rural houses in 
Korkuteli is often defined by the relics of native plants that remain as a bridge 
between nature and culture of rurality. Some of the widespread trees and 
bushes that create a kind of ecological borders are Kermes oak (Quercus 
coccifera), Hawthorn (Crataegus monogyna), Garland thorn (Paliurus spina-
christi), Red pine (Pinus brutia), Carob tree (Ceratonia siliqua) and Mastic tree 
(Pistacia lentistus).  

 
Figure 6. Typical section of a rural house in Korkuteli (Avcı and Atik, 2016) 

 
There are many examples of the symbols associated with the natural 

environment and the cultural relationships among people that result in the 
landscape (Greider and Garkovich, 1994). Shifting relations between nature 
and culture have many forms in Korkuteli. In the dry plains, plateaus and 
foothills, the land is best suited for cereals. Before the mechanized soil 
cultivation in the beginning of 20th century, most of the land was used for 
grain production. By 1950’s, fruit growing was introduced to the region. Due 
to terrestrial conditions and low temperatures, apple and hard stone fleshy 
fruits like plum and cherry have become initial fruit crops. Due to decrease 
in rural population after the 1980’s, vast grain fields were abandoned and 
allocated to grazing and pastoral scenery.  

Land use patterns and rural settlements reveal the most about rural 
characters in Korkuteli. They reflect both nature of the land and form of 
culture, typical to locality. Forms of settlements in Korkuteli are closely 
related to patterns of spatial organization, layout and land allocation. The 
nature of the landscape; topography, geomorphology, hydrology as well 
as the proximity of land for agriculture have been the main components 
that shaped rural landscapes of Korkuteli (Figure 7).  
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Figure 7. Relationship between nature, culture and rural in Korkuteli 

 
Agriculture is a production system, but it is also part of an ecological 

system and a way of life (Coen et al., 1987). Rural landscapes also reflect 
natural conditions for agriculture and different regional traditions of 
agriculture and forestry (Primdahl et al., 2013). Spatial organization of rural 
settlements in Korkuteli region that fits into the major geomorphology and 
topography supports many biological and cultural systems. Islands of native 
vegetation, small creeks and undulating topography create a biophysical 
diversity. Such shifts in between the natural and rural retain uniqueness to 
the regional landscapes.  

The character of the rural landscapes in the mountainous 
Mediterranean has been shaped by two components; ‘natural 
environment” as the media for living and ‘agriculture’ as the means of 
cultivating land and rearing crops and livestock as the basic pattern of 
human culture. The protection of such cultural values in rural landscapes 
for future generations requires special attention in the context of 
sustainable development and heritage conservation. 
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Introduction 

In Turkey, as in the world in recent years has entered a rapid process of 
urbanization. This process accelerated due to technological developments, 
ease of transportation, etc., and led to a deterioration in urban areas. 
(Adiguzel et al., 2020; Cetin et al., 2010; Zeren Cetin and Sevik 2020; Cetin 
2020; Cetin 2019; Zeren Cetin et al., 2020; Cetin et al., 2019). Intense 
constructions occurring in the urban area affect human health negatively, 
especially when combined with air temperature and humidity among 
climatic factors. (Cetin, 2015; Zeren Cetin and Sevik 2020; Cetin 2020; Cetin 
2019; Zeren Cetin et al., 2020; Sancar and Güngör, 2020). The climatic and 
environmental characteristics of cities are important factors that change 
human activities. (Gómez et al., 2006). Cities can offer living spaces with 
various comfort features to those living with their climatic features. (Alkan et 
al., 2017). During the urbanization process, the surfaces covered with vegetal 
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material were replaced by concrete and asphalt surfaces with higher 
temperature storage and transmission properties. Therefore, air and surface 
temperatures in urban areas are higher than in rural areas; the temperature 
difference can reach 13 °C. The temperature difference between concrete and 
grass is caused by the differences of reflectivity (albedo) between the surfaces. 
Dark-colored coating materials can store more heat than natural surfaces and 
lighter colored materials. (Yılmaz et al., 2007; Cetin, 2015). The surface 
temperature and storage formed by different surfaces are different. Grass 
areas have the effect of reducing the surface temperature; The heat effect on 
the asphalt surface can be very high. (Takebayashi and Moriyama, 2009). 
Santamouris et al. (2001) determined that the temperature of the asphalt 
surface can reach 63 ° C and light-colored hard floor coverings can reach 45 ° 
C. (Yılmaz et al., 2007).  

The changes in vegetation in the urban area also change the local climate. 
(Connors et al., 2013). Green areas, which are cooler than their surroundings, 
contribute to preventing the increase of temperatures, drought, heatwave 
density increase in the context of climate change by making a cooling effect. 
(Oliveira et al., 2011). The effect of plant-covered areas on temperature is 
known. The fact that vegetation is small or dense also affects temperature 
values. It is known that surface temperature values are lower in areas where 
green areas are dense compared to areas where construction is intense. The 
change of meteorological parameters in urban areas due to the decrease of 
green areas causes climate change. This situation results in the formation of 
unhealthy comfort features for the urban people with the increase of the 
urban heat island. Heat exchange occurs between the surface and the 
atmosphere by storing heat under the impermeable areas (roads, hard 
surfaces, buildings) that prevent water from meeting the soil; long-
wavelength radiation is increasing. At the same time, tall buildings with 
shading effects may cause the air temperature to drop at night. Conversely, 
green areas prevent the surface temperature from increasing. (Alkan et al., 
2017). Green areas are important in regulating the energy balance in the 
human body and reducing the negative effects of environmental variables. 
The presence of urban green spaces and their distribution in the city is 
important in the formation of thermal comfort and thermal comfort areas. 
(Gómez et al., 2006). In terms of humans, thermal comfort is a complex 
definition consisting of different variables. Many factors affect thermal 
comfort in this definition. These; climatic factors (temperature, wind, relative 
humidity); environmental factors and personal factors (body temperature, 
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dressing condition, age, gender, and climate acclimation) are accepted. 
(Höppe, 2002; Tağıl and Ersayın, 2015; Aksu et al., 2020). While thermal 
comfort can be defined as the state of being thermally satisfied with the 
environment in which the individuals are located (Uncuoğlu, 2018) with the 
effect of personal and environmental factors; It can also be defined as the 
situation where the climate conditions (temperature, precipitation, humidity, 
wind, etc.) where people feel healthy and dynamic are at certain levels. 
(Cetin, 2016). People have different approaches to thermal comfort according 
to the impact of climate on human health such as psychological, thermo-
physiological, and body temperature balance changes. (Höppe, 2002). Since 
thermal comfort is a human-based approach, it is directly affected by the 
changes in the city. The concept of city-human-comfort represents the 
development of livable spaces that people can use more comfortably and 
effectively. (Aksu et al., 2020).  

The bad environmental conditions that occur with the increase in 
temperature in the cities decrease the quality of life of the individuals living 
here and cause thermal comfort to decrease. Plants, on the other hand, can 
reduce the formation of heat islands in cities; Thus, it contributes to the 
increase of thermal comfort. As the surface material changes, for example, 
asphalt, concrete, or tile, the heat island effect also changes. The heat level of 
these areas is higher than the soil and the plant. (Aguiar et al., 2014). The 
presence of plants is very important in cooling the cities. The tree crown 
diameter increases the contribution to cooling due to the increase of the 
evaporation area. In addition to trees, grass areas also reduce the air 
temperature during the day. The combined use of trees and lawns greatly 
enhances thermal comfort. (Shashua-Bar et al., 2011). Some features of trees 
(crown density, leaf size, and color) effectively increase thermal comfort on 
temperature and humidity. The effect of species on this subject is changing; 
Planting individually or in groups increases the effectiveness level. Plants 
with semi-evergreen, small leaves, large crown, and medium texture increase 
the thermal comfort by allowing wind flow and shading. Shade trees reduce 
the surface temperatures that occur during the day. Broadleaf and coarse-
textured species are considered less successful in this regard, as they prevent 
air circulation. In the vegetal texture, especially road trees partially support 
the reduction of high temperatures thanks to the shaded area it will create 
(Aguiar et al., 2014; de Abreu-Harbich et al., 2015).  

The urban area is influenced by factors such as outdoor human thermal 
comfort, the size of the built environment, the ratio of open and green areas, 
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and different floor surface coverings used in the urban area. Surface warming 
takes place by reflecting solar radiation or heating the air on it depending on 
the types and structures of the coating materials. For example, the pavement 
covered with a material such as a parquet, tile, natural stone, etc. absorbs the 
solar radiation more and causes the air to warm. This causes discomfort for 
people due to its large amount in the urban area. Surface temperature is quite 
low in the grass area, asphalt, impregnated wood, natural stone coating 
(andesite, basalt, travertine, granite) can reach higher levels. (Irmak et al., 
2017). 

In this study, it is aimed to determine the effect of the thermal comfort of 
the surface temperature formed by different floor coverings that are used 
extensively in the light green areas of the İskenderun city coastal strip. In this 
context, differences between grass surfaces, trees, and shade conditions are 
also revealed along with hard floors. It is thought that the data to be obtained 
as a result of the study will contribute to the selection of the selection criteria 
for the floor materials, which are among the factors that change the level of 
thermal comfort outdoors in the Mediterranean cities. 

Materials and Methods 

The study was carried out on 11-15 June 2020 in the open-green areas of 
the coastline in İskenderun (Hatay), a Mediterranean coastal city. The main 
material of the study consists of surface materials and plant materials 
belonging to different uses in the area. Information about these materials is 
given in Table 1. The location of the study area and the measurement points 
in the area are shown in Figure 1; Views of the area are given in Figure 2. 
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Figure 1. Study Area and Measurement Points in the Area 
 

 
Figure 2. View of the Study Area (Original, 2020) 

Table 1. Properties of Surface and Plant Materials in The Study Area  
Material Characteristics Material Characteristics 

Sea 
Seawater was chosen 
to create control data 
for other materials. 

Sand 
It is sea sand used in the 
children's playgrounds. 

Rock 
It is the natural rocks 
that make up the 
coastline. 

Ficus 
retusanitida 

It has a length of about 4 meters 
and a crown diameter. Its texture 
is rough. Leaf length is 5-8 cm; Its 
width is 3-4 cm. The leaf color is 
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dark green. 

Wash 
Concrete  

It was obtained by 
combining natural 
stones and pebbles 
with cement. 

Parkinsonia 
aculeata 

It has a length of about 3 meters 
and a crown diameter. Its texture 
is thin. The length of the leaflets is 
0.5-1 cm; its width is 0.3-0.5 cm. 
The leaf color is light green. 

Andesite 

It is a natural volcanic 
stone used outdoors 
because it is resistant 
to environmental 
conditions. 

Washington
ia filifera 

It has a length of about 3 meters 
and a crown diameter. Its texture 
is thin. The length of the leaflets is 
0.5-1 cm; its width is 0.3-0.5 cm. 
The leaf color is light green. 

Grass 

It consists of a 
mixture of 3 species 
used for 
Mediterranean cities. 

Concrete 

It consists of cement, sand, water, 
and additives. 

Red 
Brick 

It is formed by 
cooking natural soil 
over high heat. 

Volcanic 
Tuff 

It is a porous natural material 
used in the walking path. 

Rubber 

It is artificially 
produced from 
petroleum-based 
materials. 

Paving 
Stone 

It is used in the sidewalk because 
of it’s resistance 

 
The study was carried out in 3 stages. In the first stage, studies related to 

the subject were brought together; The points to be measured in the area were 
determined. At this stage, the area with the floor materials used extensively 
along the coastline was chosen as the sample. Sea at 20 points in the selected 
area, rocks placed between the coast and wash, wash concrete, tile, red brick 
(under the shade of the plant, in the sunny area), andesite, concrete, volcanic 
tuff, paving stone, rubber and sand (in the children's playground), wood 
(shade and in the sunny area), grass, grass – plant shade (Ficus retusa-nitida, 
Parkinsonia aculeata, Washingtonia filifera). These materials in the area are 
widely used in light green areas throughout İskenderun city and 
Mediterranean cities. The second stage of the study is the stage where surface 
temperature measurements are made. Surface temperature measurements in 
the area were carried out in June, one of the hottest months of the year, 
between 11 and 15 June 2020, at 9:00 am, 13:00, and 17:00, using an infrared 
thermometer (TFA-ScanTemp330) with 3 repetitions at a height of 150 cm 
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from the surface. The third stage of the study is the stage where the data 
obtained are evaluated. At this stage, the levels of soil material and the effect 
of the vegetative material on the surface temperature were gathered by taking 
the arithmetic averages according to the material type and compared with 
the hourly temperature value. The surface temperature maps of all 
measurement hours were created by using the kriging method with ArcGIS 
10.5 software. In line with the results obtained, suggestions for the selection 
of floor coverings and the use of plant materials in urban open-green areas 
have been developed. 

Research Findings 

The data obtained as a result of the measurements made at 09:00, 13:00, 
and 17:00 on June 11-15, 2020 at the determined points are evaluated and 
given in Table 2. According to the results of the average of the measurements 
made on both days, representing June, the highest surface temperatures in 
terms of average values were obtained in the measurements made at 13.00 
hours on the floor materials at 17 points. This did not occur for seawater, red 
brick, and a grass-plant shade (Parkinsonia aculeata). Although the lowest 
temperatures are generally obtained at 9:00 in the morning; some data do not 
fit this situation. For example, the lowest temperatures on grass, sand, wood, 
volcanic tuff, and grass shade (Washingtonia filifera) were obtained at 17.00 
hours. When all the data obtained are evaluated, the flooring that creates the 
highest temperature at 09.00 and 13.00 is rubber. According to the 
measurement made at 17.00, the highest temperature was obtained on 
asphalt. Other highest temperature values were obtained in 13.00 hours in 
asphalt (50.98 °C), andesite (50.78 °C) and volcanic tuff (50.05 °C), especially 
based on data above 50 °C. 

Measurement values for surface temperatures made at 20 points between 
09.00, 13.00, and 17.00 on 11 and 15 June 2020 and hourly temperature values 
of General Directorate of Meteorology are given in Figure 3. Accordingly, the 
average air temperature value of both days at 9.00 is 25.2 (°C); seawater, 
wood-shade (11.06.2020); grass - plant shade (F.retusa-nitida), red brick - plant 
shade (F.retusa-nitida), grass - plant shade (P.aculeata) and grass - plant shade 
(W.filifera) (15.06.2020) below this value. Rock, wash concrete, andesite, grass, 
red brick, rubber, concrete (painted red), wood (sun), sand, volcanic tuff, 
concrete, paving stone, and asphalt surfaces have exceeded this value at 
various levels. The most remarkable value here, "rubber", which is an oil-
based material, had a very high-temperature value compared to oil-based 
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"asphalt" coating in both days. Surface temperatures above the hourly 
temperature were obtained at a total of 14 points. 

The average air temperature value of both days at 13.00 is 25.4 (°C); 
seawater, grass - plant shadow (F.retusa-nitida), red brick - plant shade 
(F.retusa-nitida), grass - plant shade (P.aculeata) and grass - plant shade 
(W.filifera) (15.06.2020) temperature on the surface value has been obtained 
below this value. Rock, wash concrete, andesite, grass, red brick, rubber, 
concrete (painted red), wood (sun), grass, sand, red brick - plant shade 
(F.retusa-nitida) (11.06.2020), volcanic tuff, concrete, grass - plant shade 
(W.filifera) (11.06.2020), paving stone and asphalt surfaces have risen above 
this value at various levels. The most striking value here is the rubber, a 
petroleum-based material, which has a very high-temperature value 
compared to petroleum-based "asphalt" coating in both days. Surface 
temperatures above the hourly temperature were obtained at a total of 16 
points. 
 
Table 2. Surface Temperature Average Values of Ground Coverings by Hour 

 P
oi

nt
 N

o Ground 
Materia
l 

Surface Temperature by 
Hours (°C) 

 P
oi

nt
 N

o 

Ground Material 

Surface Temperature by 
Hours (°C) 

 0
9.

00
 

 1
3.

00
 

 1
7.

00
 

 0
9.

00
 

 1
3.

00
 

 1
7.

00
 

1 Sea 21.85 22.23 22.88 11 Grass 30.70 32.53 27.78 
2 Rock 30.71 38.88 34.81 12 Sand 42.00 49.61 37.25 

3 
Wash 
Concrete 

34.86 
43.35 38.11 

13 
Grass - Plant shade 
(F.retusa-nitida) 

24.36 23.60 25.65 

4 Andesite 36.96 
50.78 41.46 

14 
Red Brick - Plant shade 
(F. retusa nitida) 

24.50 26.35 29.76 

5 Grass 34.91 
38.86 27.85 

15 
Grass - Plant shade 
(W.filifera) 

26.78 26.71 23.88 

6 
Red 
Brick  

34.90 
44.76 36.28 

16 Concrete 
35.53 44.53 38.56 

7 Rubber 45.98 58.08 37.25 17 Volcanic Tuff 39.85 50.05 35.50 

8 
Concrete 
(red)  

34.41 
43.63 37.73 

18 
Grass - Plant shade 
(P.aculeata) 

23.56 23.88 24.90 

9 
Wood 
(Shade) 

27.01 
30.03 27.11 

19 Paving Stone 
35.43 46.41 37.76 

10 Wood  40.46 45.96 33.06 20 Asphalt 38.10 50.98 41.91 
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The average value of both days at 17.00 is 24.5 (°C); seawater, grass 
(15.06.2020), wood-shade (15.06.2020), grass - plant shade (F.retusa-nitida) 
(15.06.2020), grass - plant shade (P.aculeata) (15.06.2020), grass - plant shade 
(W.filifera) (15.06.2020) temperature value on the surface was obtained under 
this value.  
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Rock, wash concrete, andesite, grass (11.06.2020), red brick, rubber, concrete 
(painted red), wood-shade (11.06.2020), wood-sun, grass, sand, grass - plant 
shade (F.retusa-nitida ) (11.06.2020), plant shade (F.retusa-nitida) red brick, 
volcanic tuff, concrete, grass - plant shade (P.aculeata) (11.06.2020), grass - 
plant shade (W.filifera) (11.06. 2020), paving stone and asphalt surfaces 
exceeded this value at various levels. 

 
Figure 3. Temperature values and instantaneous temperature value formed 
by the ground material according to the hours. 

 

The most striking value here was obtained on the asphalt surface, which 
reached the highest value in the measurement made at 17.00 on 15.06.2020. 
This value is followed by andesite, which reached the highest value in the 
measurement made at 11.00 on 11.06.2020. 

Maps of the temperature values created by the surface materials in the 
study area between 09.00, 13.00, and 17.00 are shown in Figure 4.  

Accordingly, the temperatures at which the surface temperatures reached 
the highest level and as a result, the thermal comfort reached the lowest 
level were obtained by measuring at 13.00 hours. On the other hand, the 

level of thermal comfort is higher on the map obtained, especially according 
to the data obtained in the measurement made at 9.00 in the morning. 

Similarly, the temperature level obtained at 17.00 indicates thermal comfort 
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areas.  
Figure 4. Ground material temperature maps created according to 
measurement hours. 

Conclusion and Recommendation 

According to the data obtained as a result of the study, the surface 
temperature revealed by the hard floor materials used intensely in the light-
green areas in the Mediterranean cities where summer is hot affects the 
thermal comfort negatively. On the contrary, since the water surface 
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(seawater) temperature is below the hourly temperature value, it maximizes 
the thermal comfort. Therefore, the results were evaluated by ignoring the 
data of seawater. The evaluations of the surface temperature levels formed 
by hard floor materials that negatively affect thermal comfort are given 
below. 

Rock: The highest surface temperature level of natural rocks separating 
the sea line and the shore was obtained as 38.88 °C at 13.00 hours. The lowest 
temperature level is at 09.00 in the morning. An increase of 8.17 °C was 
observed between morning and noon. When it is around 17:00, there is a 
decrease of 4.07 °C. 

Wash Concrete: It has been used on the walking path and also along the 
coastline in the study area. The highest surface temperature level of this 
material was obtained at 43.35 °C at 13.00 hours. The lowest temperature 
level is at 09.00 in the morning. An increase of 8.49 °C was observed between 
morning and noon. When it is around 17:00, there is a decrease of 5.24 °C. 

Andesite: It has been used on the walking path and also along the 
coastline in the study area. The highest surface temperature level of this 
material was obtained at 50.78 °C at 13.00 hours. The lowest temperature 
level is at 09.00 in the morning. An increase of 13.82 °C was observed between 
morning and noon. When it is around 17:00, there is a decrease of 9.32 °C. 

Grass: The highest surface temperature level of the grass fields used as 
green bands in the study area was obtained as 38.86 °C at 13.00 hours. The 
lowest temperature level is at 09.00 in the morning. An increase of 3.95 °C 
was observed between morning and noon. When it is around 17:00, there is a 
decrease in 11,01 °C. 

Red Brick: The highest surface temperature level of this material used in 
the study area near the seating units and the transition areas was obtained at 
44.76 °C at 13.00 hours. The lowest temperature level is at 09.00 in the 
morning. An increase of 9.86 °C was observed between morning and noon. 
When it is around 17:00, there is a decrease in 8,48 °C. 

Rubber: The highest surface temperature level of this material used in 
children's playgrounds in the study area was achieved at 55.08 °C at 13.00 
hours. The lowest temperature level was obtained at 17.00 hours. An increase 
of 12.01 °C was observed between morning and noon. When it is around 
17:00, there is a decrease of 20.83 °C. 

Concrete (red): The highest surface temperature level of this material 
used in the playgrounds of chess, etc. in the study area was obtained as 
43.63 °C at 13.00 hours. The lowest temperature level was obtained at 09.00 
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hours. An increase of 9.22 °C was observed between morning and noon. 
When it is around 17:00, there is a 5.9 °C decrease. 

Wood (Shade): The highest surface temperature level of this material, 
which is used in sitting units in the study area and under a cloth canopy, was 
obtained as 30.03 °C at 13.00 hours. The lowest temperature level was 
obtained at 09.00 hours. An increase of 3.02 oC was observed between 
morning and noon. When it is around 17:00, there is a decrease of 2.92 °C. 

Wood: The highest surface temperature level of this material, which is 
used in living units in the study area and located under the sun, was obtained 
as 45.96 °C at 13.00 hours. The lowest temperature level was obtained at 17.00 
hours. An increase of 5.5 °C was observed between morning and noon. When 
it is around 17:00, there is a decrease of 12.9 °C. 

Grass: The highest surface temperature level of the grass areas used as 
green bands in the study area was obtained as 32.53 °C at 13.00 hours. The 
lowest temperature level was also obtained at 17.00 hours. There was an 
increase of 1.83 °C between morning and noon. When it is around 17:00, there 
is a decrease of 4.75 °C. 

Sand: The highest surface temperature level of this material used in 
children's playgrounds in the study area was obtained at 49.61 °C at 13.00 
hours. The lowest temperature level was obtained at 17.00 hours. An increase 
of 7.1 °C was observed between morning and noon. When it is around 17:00, 
there is a decrease of 12.36 °C. 

Grass-Plant shade (Ficus retusa nitida): F. retusa nitida is used exten-
sively in the study area and also on the coastline due to its particular shade. 
The highest temperature level of the grass surface in the shade of the plant 
was obtained at 25.65 °C at 17.00 hours. The lowest temperature level was 
obtained at 13.00 hours. A decrease of 0.76 °C was observed between morning 
and noon. By noon at 17.00, an increase of 2.06 °C was observed. The reason 
for this increase is thought to be due to the sun rays coming from the west 
direction. 

Red Brick-Plant shade (F. retusa nitida): The highest temperature level 
of this material used around the sitting unit under F. retusa-nitida was 
obtained as 29.76 °C at 17.00 hours. The lowest temperature level was 
obtained at 09.00 hours. There was an increase of 1.85 °C between morning 
and noon. An increase of 3.41 °C was observed when it was around 17:00. 
The reason for this increase is thought to be due to the sun rays coming from 
the west direction. The reason for this increase is thought to be due to the sun 
rays coming from the west direction. 
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Grass-Plant shade (Washingtonia filifera): W. filifera is used extensively 
in the study area and also on the coastline. The highest temperature level of 
the grass surface in the shade of the plant was obtained as 26.78 °C in the 
measurement at 09.00 hours. The lowest temperature level was obtained at 
17.00 hours. A decrease of 0.07 °C was observed between morning and noon. 
By the afternoon, 17.00, there was a decrease of 2.9 °C. 

Concrete: The highest surface temperature level of this material used in 
the walkways in the study area was obtained at 44.53 °C at 13.00 hours. The 
lowest temperature level was obtained at 09.00 hours. An increase of 9.0 °C 
was observed between morning and noon. When it is around 17:00, there is a 
decrease of 5.97 °C. 

Volcanic Tuff: The highest surface temperature level of this material 
used on the running track in the study area was obtained as 50.05 °C at 13.00 
hours. The lowest temperature level was obtained at 17.00 hours. An increase 
of 10.02 °C was observed between morning and noon. When it is around 
17:00, there is a decrease of 14.55 °C. 

Grass-Plant shade (Parkinsonia aculeata): P. aculeata is used in the 
study area as well as on the coastline. The highest temperature level of the 
grass surface in the shadow of the plant was obtained at 24.90 °C at 17.00 
hours. The lowest temperature level was obtained at 09.00 hours. An increase 
of 0.32 °C was observed between morning and noon. When it was around 
17:00, there was an increase of 1.02 °C. 

Paving Stone: The highest surface temperature level of this material 
used in pavements in the study area was obtained at 46.41 °C at 13.00 hours. 
The lowest temperature level was obtained at 09.00 hours. An increase of 
10.98 °C was observed between morning and noon. When it is around 17:00, 
there is a decrease of 8.65 °C. 

Asphalt: The highest surface temperature level of this material used in 
the vehicle road in the study area was obtained as 50.98 °C at 13.00 hours. 
The lowest temperature level was obtained at 09.00 hours. There was an 
increase of 12.88 °C between morning and noon. By 17:00, there is a decrease 
of 9.07 °C. 

In the study, the highest and lowest surface temperatures of the floor 
materials in the area were determined in June. Accordingly, the highest 
surface temperature was determined at 09.00 and 13.00 at the "rubber" 
artificially produced from petroleum-derived materials used in the children's 
playground. This material starts to warm up with the sunrise; It also cools 
when sun rays lose their effect. Rubber can be considered as a material that 
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can negatively affect the comfort level of children in the summer period. In 
the Mediterranean cities, where the summer period is very hot, it should be 
used very limitedly outdoors. At 13.00 hours, when the wooden seating units 
reached the highest temperature level, the temperature value of the wooden 
material in the sunny area was approximately 16 °C higher than in the shade. 
Similarly, it was determined that the red brick floor in the sun has a higher 
temperature level between 6.5-18.5 °C compared to the floor in the plant 
shade. In this case, as the artificial material or natural material, the 
temperature formed by the materials in the shadow of the trees is lower; its 
contribution to thermal comfort is higher. Therefore, shade areas should be 
created by using trees and pergolas in the green areas in the Mediterranean 
cities. According to the data obtained in the study in June, the lowest surface 
temperature in the area was on the grass surface in the shadow of the 
Parkinsonia aculeata species at 9.00; The grass in the shadow of the Ficus retusa-
nitida species at 13.00 is on the surface; At 17.00, the grass in the shadow of 
the Washingtonia filifera species was seen on the surface. This reveals the 
importance of planting light green areas as the grass areas in the plant shade 
are cooler compared to the temperatures created by the grass surface under 
the direct sun. 

All the data obtained highlights the importance of trees in the creation of 
green spaces in the Mediterranean cities due to its ability to increase the level 
of thermal comfort. Regardless of whether it is fine, medium, or coarse 
texture in the selection of plant materials; Even if the W. filifera species does 
not create a very intense shade, it should be considered that it has an 
important effect on reducing the surface temperature. Priority should be 
given to the use of trees with lawns in softening hard surfaces, urban roads, 
and all green areas. Hard floors should be selected considering the surface 
temperature levels in the urban area. The use of rubber, sand, andesite, 
volcanic tuff, parquet, and asphalt should be limited in urban light-green 
areas. 
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INTRODUCTION 

Having housed many civilizations such as Hittites, Sumerians, 
Urartians, Lycians, Lydians, Phrygians, Ionians, Romans, Byzantines, 
Seljuks, and Ottomans, the Anatolian territories (Doğaner 2002) have an 
important place among the countries of the world in terms of the cultural 
heritage they possess (Diker and Deniz 2017). Their preservation of their 
place depends significantly on the protection and sustainability of their 
cultural potential. On the other hand, the disappearance of the cultural assets 
in a region also means the end of tourism activities there. Thus, besides 
supporting sustainable tourism, the resource assets that form the basis for 
this should also be conserved at the sites with high cultural potential. Such 
new and sustainable types of tourism as cultural tourism, cultural heritage 
tourism, faith tourism, health tourism, and ecotourism originated upon both 
the highlighting of the environmental impacts of tourism as of the 1970s and 
the increase in the demands for new products in tourism depending on the 
social changes (Reisinger 2009). The new types of tourism constitute great 
potential for the future tourism market (McKercher and Cros 2002) and 
cultural heritage tourism is a crucial component of the tourism industry 
today (Shararh and Badaruddin 2013; Jovicic 2016). Furthermore, cultural 
heritage tourism is an essential instrument for both the conservation of the 
existing cultural resources and sociocultural development and international 
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publicity. 
Some 18 heritage sites of Turkey – 2 natural and cultural as well as 16 

cultural sites – have been inscribed on UNESCO World Heritage List since 
1983, when Turkey signed "the Convention Concerning the Protection of the 
World Cultural and Natural Heritage". With their historic spaces and social 
and cultural assets, the heritage sites concerned have considerably high 
potential for cultural heritage tourism and they are sites that one should 
primarily attach importance to within the scope of publicizing Turkey to the 
world well and of conservation, use, and preservation studies. At the same 
time, they are tourism spots which should be utilized carefully in the context 
of the development of tourism in the country.  

However, when the 18 properties of Turkey inscribed on the World 
Heritage List are considered today, it is extremely clear that they could not 
be utilized adequately in terms of cultural heritage tourism. In this context, 
as also stated by Emekli (2005), it is a must for Turkey with a significant share 
in the world cultural heritage list to reorganize its approaches and practices 
about its cultural properties particularly within the scope of cultural heritage 
tourism. 

Within this scope, first of all, the concepts of cultural heritage and 
cultural heritage tourism were explained in the study within the framework 
of the scope of the study and interrelatedly. Secondly, detailed information 
on the World Heritage List was provided. Thirdly, the process in which 
Turkey was inscribed on the World Heritage List and those sites of it which 
were inscribed on the World Heritage List were provided in detail together 
with their cultural potential. Finally, emphasis was placed on how the 
potential concerned should be utilized within the scope of cultural heritage 
tourism. 

CONCEPTS OF CULTURAL HERITAGE AND CULTURAL 
HERITAGE TOURISM 

The sites described as worth conserving by UNESCO brought about the 
concept of "Heritage". UNESCO defines the concept of "Heritage" as "our 
legacy from the past, what we live with today, and what we pass on to future 
generations" (UNESCO 1972). Besides, it is the accumulation of the cultural 
assets resulting from the creativity of human beings and intersocietal 
interactions in order to provide a life of better quality since the beginning of 
the history of humanity (ICCROM 2005). "Cultural Heritage" is defined as 
"the name given to the works produced by the previous generations and believed to 
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have universal values" by Tunçer (2017). Besides, in Article 1 of "the Convention 
Concerning the Protection of the World Cultural and Natural Heritage", 
which consists of 38 articles, it is stated that monuments, building groups and 
sites will be evaluated as "cultural heritage" (UNESCO 1972). To express more 
explicitly, "cultural heritage" refers to the monuments, building groups, and 
spaces with “historic, aesthetic, archaeological, scientific, ethnological or 
anthropological value” (Aşılıoğlu and Memlük, 2010; Tunçer 2017). In Article 
2 of the Convention, the definition of "cultural heritage" is provided in detail 
(UNESCO 1972) and, in summary, "cultural heritage" is expressed as "the 
cultural structures humanity has created throughout history and the natural 
environment where these structures are located" (Şentürk 2012). 

On the other hand, according to UNESCO’s "World Heritage" criteria, 
cultural heritage is a cultural environment as much as it is a physical 
environment; therefore, the content of the concept of cultural heritage has 
been further expanded (Koca 2015). That is, "cultural heritage" is not only 
such cultural objects as a series of extant monuments, buildings, mansions, 
historic environments, and archaeological sites but also the stories, traditions, 
and other intangible assets handed down from the previous generations 
(Aşılıoğlu and Memlük, 2010; Şentürk 2012; Tunçer 2017). On the other hand, 
it is the process and result of a conservation preference (Tunçer 2017); 
moreover, it is intertwined with the feeling of conserving and conveying the 
material and immaterial assets of humanity (Atılgan 2016). In this context, 
"cultural heritage" is defined as "the presentation of those different lifestyles and 
habits that have become an accumulation in a society as assets and meanings" by 
Bademli (2006). In this respect, cultural heritage also provides historical 
continuity. When the cultural assets of individuals in a specific settlement 
also join within the framework of a common shared history, they create some 
cultural heritage that lasts/is sustained for generations (Oliver 2006). Thus, 
the concept of "Cultural Heritage" is also regarded as "World Heritage" under 
some conditions as much as being the heritage of a country. Conservation of 
cultural heritage sites also helps protect urban identities on both international 
and national scales (Tunçer 2017), for cultural heritage is inevitable in the 
formation of an identity and of a character (Arizpe 2004) and the protection 
of the character and of the identity underlies the conservation of cultural 
heritage (Arntzen 2001). Therefore, especially cultural heritage tourism 
stands out as an essential alternative tourism type in the tourism preferences 
in those settlements where it is necessary to protect both the cultural heritage 
and the urban identities.  
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Cultural heritage tourism draws attention as the form of tourism which 
most rapidly develops among the new types of tourism also with the support 
by the concept of cultural heritage (Henderson 2002; Jovicic 2016). 
Developing depending on the concept of cultural heritage, cultural heritage 
tourism first of all increases the interest of people in history and culture by 
enabling them to get to know their own cultural origins (Hughes and Allen 
2005; Loulanski and Loulanski 2011). Thus, there is a close relationship 
between cultural heritage and cultural heritage tourism (McKercher and Cros 
2002; McKercher et al. 2005). Within the scope of this relationship, it is known 
that cultural heritage contributes to the development of cultural heritage 
tourism and that cultural heritage tourism constitutes a financial source for 
the conservation of cultural heritage (Endresen et al. 1999; Russo and Borf 
2002) and financial support is the primary issue in the conservation and 
development of such sites. In this context, detailed information on “the World 
Heritage List”, which forms the basis for the development of cultural heritage 
tourism and which is the study whereby cultural heritage sites are best 
conserved at the international level, will be provided below. 

UNESCO WORLD HERITAGE LIST  

The word ‘UNESCO’ is the acronym for the English words "United 
Nations Educational, Scientific and Cultural Organization" and its equivalent 
in Turkish is "Birleşmiş Milletler Eğitim, Bilim ve Kültür Örgütü" (the Turkish 
National Commission for UNESCO 2018). In 1942, those European countries 
which opposed to Germany and its allies met in the Conference of Allied 
Ministers of Education (CAME) that took place in the United Kingdom and 
UNESCO, a private institution affiliated to the United Nations, was 
established. The convention which established UNESCO was signed on 16 
November 1945 and officially came into force on 4 November 1946 upon the 
completion of an adequate number of certificates of approval (the Turkish 
National Commission for UNESCO 2018; UNESCO 2019). UNESCO aims to 
publicize the cultural and natural properties with universal assets 
acknowledged as the common heritage of the whole humanity to the world; 
to raise the awareness to protect the universal heritage concerned in the 
society; and to provide the cooperation required to preserve the cultural-
natural assets which were impaired and disappeared for various reasons and 
to hand them down to future generations. In this context, "the Convention 
Concerning the Protection of the World Cultural and Natural Heritage" was 
adopted on 16 November 1972 within the scope of the 17th General 
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Conference of UNESCO, which met in Paris between 17 October and 21 
November 1972. It came into force on 17 December 1975 (UNESCO 1972; 
Ministry of Culture and Tourism 2019; Tunçer 2017) and UNESCO World 
Heritage List was drawn up to conserve the natural and cultural heritage 
with unique value (Ahunbay 2012). "The World Heritage Committee" and 
"the World Heritage Fund", which were envisaged to be established by the 
convention, have been active since 1976 (UNESCO World Heritage Centre 
2019a). 

Drawn up according to the convention concerned and determined by the 
World Heritage Committee, the World Heritage List includes 1,121 heritage 
sites – 869 cultural, 213 natural, and 39 mixed (natural and cultural) – as of 
July 2019 (UNESCO World Heritage Center 2019b). Besides the natural, 
cultural, and mixed heritage sites inscribed on this list from all around the 
world, there is also UNESCO World Heritage Tentative List (Ürün 2016). The 
Tentative List qualifies as a national inventory for the member states and 
those who will apply for the permanent list are selected from this list (the 
Turkish National Commission for UNESCO 2018). In other words, UNESCO 
World Heritage Tentative List is the preliminary stage to enter the permanent 
list (Ministry of Culture and Tourism 2019). UNESCO World Heritage 
Tentative List includes a total of 1,732 heritage sites of 178 state parties 
(UNESCO World Heritage Center 2019c). 

Of the candidate monuments and sites that the countries which signed 
"the Convention Concerning the Protection of the World Cultural and 
Natural Heritage" guaranteed to protect, those which are determined to be of 
significant value for the whole world and those found convenient for the 
World Heritage Criteria are in the list (Diker and Deniz 2017). These criteria 
are explained in "the Operational Guidelines for the Implementation of the 
World Heritage Convention" – the main study instrument for "World 
Heritage" – besides the text of the convention and they are regularly revised 
to reflect the evolution of the concept of "World Heritage" by the committee 
(UNESCO World Heritage Center 2019d). While the power of declaration is 
held by UNESCO World Heritage Centre, management and monitoring are 
held by the country parties themselves and assessment is made depending 
on the periodic reports jointly prepared concerning the sites again by 
UNESCO World Heritage Centre and the countries (Somuncu and Yiğit 
2010). The World Heritage sites had been selected on the basis of 6 cultural 
and 4 natural criteria until the end of 2004. With the adoption of revised 
"Operational Guidelines for the Implementation of the World Heritage 
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Convention", only ten criteria are available today. Nominated sites should 
meet one or more of these criteria and be original. The criteria concerned are 
provided below (UNESCO World Heritage Centre 2019d): (i) To be a product 
of the creative human genius; (ii) to display a significant change in the human 
values within a specific time span or at a cultural site of the world upon the 
developments in architecture or technology, monumental arts, city planning 
or landscape design; (iii) to be a unique witness of a cultural tradition or a 
living or lost civilization; (iv) to represent an extraordinary example of a 
building, an architectural-technological community or a type of landscape 
that shows the important stages of the history of humanity; (v) to constitute 
an important example of the traditional human settlement representing one 
or more cultures, of making use of the sea, and of land use as well as the fact 
that especially this example has lost its durability under the influence of 
various factors; (vi) to be directly related to the events, beliefs, traditions, 
thoughts, and literary and aesthetic works of universal importance; (vii) to 
include areas with unique natural beauty and aesthetic value; (viii) to house 
examples which contain the important geological, geomorphological, and 
physiological features that affected the formation of the landforms within the 
framework of the process of development of the earth; (ix) to contain 
ecological and biological examples which are important in terms of the 
evolutionary process and to be important in terms of the development of 
lands, coasts, and seas in the ecosystem as well as of the plant and animal 
communities there; and (x) to include the species of scientifically universal 
value as well as the important threatened habitats where biological diversity 
is protected in its respective natural environment. 

Composed of the 21 country representatives selected by the countries 
which signed the convention, the World Heritage Committee draws up the 
list by receiving support from two international institutions (the International 
Council of Monuments and Sites-ICOMOS and the International Union for 
Conservation of Nature-IUCN) and by selecting from the nominated assets 
(UNESCO World Heritage Centre 2019a). The committee also ensures the 
conservation of the assets in the list by steering the World Heritage Fund. The 
World Heritage List grows by inscribing new candidates on the list every 
year and upon new countries’ signing of the convention (Diker and Deniz 
2017; Tunçer 2017). 
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UNESCO WORLD HERITAGE LIST IN TURKEY 

Having housed a large number of civilizations on its territories, Turkey 
consequently houses numerous cultural heritage sites which are valuable on 
both national and international scales. It is extremely important to publicize 
the heritage sites concerned in the international arena, to conserve them, and 
to hand them down to the future. 

Thus Turkey, one of the 20 founder members of UNESCO (Oğuz 2018), 
decided to become a party of “the Convention Concerning the Protection of 
the World Cultural and Natural Heritage” with Law No. 2658, dated 
14.04.1982. The law was approved by the Council of Ministers with Decision 
No. 8 / 4788, dated 23.05.1982; was published in Official Gazette No. 17959, 
dated 14.02.1983; and came into force (Official Gazette 1983). Upon the 
submission of the necessary documents to the Headquarters of UNESCO, 
Turkey was officially included in the Convention concerned on 16.03.1983 
with its numerous natural and cultural heritage sites (the Turkish National 
Commission for UNESCO 2018; Ministry of Culture and Tourism 2019).  

Turkey takes part in UNESCO World Heritage List with its 18 natural-
cultural assets as of 2019. Of these assets, 16 are acknowledged as cultural 
heritage sites and 2 as mixed (natural and cultural) heritage sites (Table 1) 
(Figure 1) (Ministry of Culture and Tourism 2019; UNESCO World Heritage 
Centre 2019e).  

Those heritage sites of Turkey which have been inscribed on UNESCO 
World Heritage List are provided below according to their order of 
inscription on the list and together with their cultural features that caused 
them to be inscribed on the list.  

Historic Areas of Istanbul 
İstanbul, the only city worldwide which is established on two continents 

and on important waterways besides having been a strategic center in 
cultural, artistic, economic, and political terms for centuries, has housed 
numerous civilizations and been equipped with many monuments 
(UNESCO World Heritage Center 1985a; Atlas 2014). Its section with a 
significant amount, and the majority, of the monuments concerned is referred 
to as “the Historic Peninsula” today (Ministry of Culture and Tourism 2019). 
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Table 1: World Heritage Sites in Turkey and their properties 
Property Quality Criteria Place 

Historic Areas of Istanbul Cultural i, ii, iii, iv İstanbul 
Göreme National Park and the Rock Sites of 
Cappadocia 

Mixed i, iii, v, vii Nevşehir 

Great Mosque and Hospital of Divriği Cultural i, iv Sivas 
Hattusha: the Hittite Capital Cultural i, ii, iii, iv Çorum 
Mount Nemrut Cultural i, iii, iv Adıyaman 
Xanthos-Letoon Cultural ii, iii Muğla-Antalya 
Hierapolis-Pamukkale Mixed iii, iv, vii Denizli 
City of Safranbolu Cultural ii, iv, v Karabük 
Archaeological Site of Troy Cultural ii, iii, vi Çanakkale 
Selimiye Mosque and its Social Complex Cultural i, ii, iii, iv Edirne 
Neolithic Site of Çatalhöyük Cultural ii, iv Konya 
Bursa and Cumalıkızık: the Birth of the 
Ottoman Empire 

Cultural i, ii, iii, iv, 
vi 

Bursa 

Pergamon and its Multi-Layered Cultural 
Landscape 

Cultural i, ii, iii, iv, 
vi 

İzmir 

Diyarbakır Fortress and Hevsel Gardens 
Cultural Landscape 

Cultural i, iii, v Diyarbakır 

Ephesus Cultural i, ii, iii, iv İzmir 
Archaeological Site of Ani Cultural ii, iii, iv Kars 
Aphrodisias Cultural ii, iii, iv, vi Aydın 
Archaeological Site of Göbeklitepe Cultural i, ii, iv Şanlıurfa 

Source: UNESCO World Heritage Centre 2019e 

Figure 1: World Heritage Sites in Turkey (created by making use of 
UNESCO World Heritage Centre 2019e; Turkish Culture Portal 2019). 
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The Historic Peninsula of İstanbul is among the rare settlements in the 
world where human settlements display uninterrupted continuity and are 
stratified and where life continues with its whole liveliness today as well 
(Akça 2017). İstanbul was inscribed on UNESCO World Heritage List as four 
regions in 1985, namely Sultanahmet Urban Archaeological Site, which 
encompasses the Hippodrome, the Basilica Cistern, Hagia Sophia, Hagia 
Eirene, the Küçük Ayasofya Mosque, the Sultanahmet Mosque, and Topkapı 
Palace; Süleymaniye Conservation Area, which includes the Süleymaniye 
Mosque and its vicinity; Zeyrek Conservation Area, which encompasses the 
Zeyrek Mosque and its vicinity, with its hundreds of mansions, wooden 
houses, and public buildings that have survived to date; and the Land Walls 
Conservation Area (Ministry of Culture and Tourism 2019; Turkish Culture 
Portal 2019).  

Göreme National Park and the Rock Sites of Cappadocia  
Inscribed on UNESCO World Heritage List in 1985, Göreme National 

Park and Cappadocia have been settlement areas since the Chalcolithic 
Period and the traditional life remains dating back to the 4th century can be 
seen in the region. The rock forms (fairy chimneys) that the tufa of Mounts 
Erciyes and Hasan formed as a result of the erosion by wind and water are 
the natural landscapes which provide the region with a unique view and 
make the region one of the most eye-catching cave settlements of the world 
(UNESCO World Heritage Center 1985b; Atlas 2014; Ministry of Culture and 
Tourism 2019). Apart from its natural potential, the region includes traces of 
Hittites, Persians, Byzantines, Seljuks, and many more civilizations (Atlas 
2014). It was inscribed on UNESCO World Heritage List in the form of seven 
sections as Göreme National Park, the Subterranean Town of Derinkuyu, the 
Subterranean Town of Kaymaklı, Karlık Church, the Church of St Theodore, 
Karain Columbaries, and Soğanlı Archaeological Site (Turkish Culture Portal 
2019). Göreme Open-Air Museum houses the Monastery of Girls and Boys, 
the Church of St Basil, Elmalı Church, the Church of St Barbara, Yılanlı 
Church, Tokalı Church, Karanlık Church, the Chapel of St Catherine, and 
Çarıklı Church, respectively (Demirçivi 2017). Besides, the site also houses 
the Karain, Karlık, and Yeşilöz Villages; Soğanlı, Zelve, Üzengi, and Karain 
columbaries; and the examples of civil architecture in Ürgüp, Mustafapaşa, 
Avanos, Göreme, and Uçhisar, where the most beautiful examples of the 
Seljuk stone workmanship are exhibited (Atlas 2014; Somuncu and Yiğit 
2010; Ministry of Culture and Tourism 2019).  
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Great Mosque and Hospital of Divriği  
Mengujek ruler Ahmed Shah and his wife Melike Turan Melek had the 

mosque and the hospital (the darush-shifa) constructed and they are among 
the masterpieces of the history of Islamic architecture (UNESCO World 
Heritage Center 1985c). The buildings concerned were inscribed on UNESCO 
World Heritage List in 1985 as they were a distinguished example of the 
traditional stone workmanship of Anatolia besides their architectural 
features (Atlas 2014; Ministry of Culture and Tourism 2019). The Great 
Mosque and Hospital of Divriği are the first architectural structure of Turkey 
that entered this list. The Great Mosque and Hospital have plain architecture 
on the exterior, while the Crown Gate of the Hospital, the Crown Gate of Shah 
Mahfili and each of the Northern and Western Crown Gates of the Mosque 
are each a dazzling architecture and engineering marvel with their unique 
decorations. Completed in 1228 by Architect Hurrem Shah of Ahlat, the Great 
Mosque of Divriği has unique qualities with its plan type and decoration 
features and the Hospital, constructed to be adjacent to the mosque and being 
a two-storey building with a courtyard and an iwan, has unique qualities as 
a hospital where the patients got well with the sound of water (Turkish 
Culture Portal 2019). 

Hattusha: the Hittite Capital  
Hattusha (Boğazköy), one of the most important archaeological 

properties of Anatolia, was an important center as the capital of the Hittite 
Empire in Anatolia for centuries and it was inscribed on UNESCO World 
Heritage List in 1986 owing to this feature of its. The currently visible remains 
of Hattusha include temples, royal residences, and fortifications (UNESCO 
World Heritage Center 1986; Atlas 2014; Ministry of Culture and Tourism 
2019). Presenting traces of the splendor of that age with the remains of the 
architectural works belonging to the 13th century BC (Khan and Somuncu 
2010), Hattusha comprises two sites as the Lower City and the Upper City. 
Civil living spaces are located in the region called the Lower City and in the 
middle of the living spaces ascends the Great Temple – the greatest religious 
structure of Hattusha. On the other hand, a site called the Quarter of Temples 
where numerous temples are located is available in the Upper City. King’s 
Gate and Lion’s Gate are among the symbols of Hattusha. Located 2 km to 
the north-east of Hattusha, the Sanctuary of Yazılıkaya is acknowledged as 
the most splendid open-air museum of the city (Atlas 2014; Turkish Culture 
Portal 2019). 
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Mount Nemrut  
2,150-meter-high Mount Nemrut houses the most splendid sacred 

remains of the Hellenistic Period (UNESCO World Heritage Center 1987; 
Ministry of Culture and Tourism 2019). Due to these features of its, Mount 
Nemrut was inscribed on UNESCO World Heritage List in 1987. The remains 
include a splendid mausoleum, a tumulus consisting of broken stones over 
the mausoleum, and sacred areas encircling the three sides of the tumulus. 
Large-sized sculptures, reliefs and inscriptions are available at the Eastern 
and Western terraces out of the areas called Eastern, Western, and Northern 
terraces. The sculpture of Antiochos I is also available among the five 
sculptures whereby the gods were described. The well-preserved giant 
sculptures were made from blocks of limestone and are 8-10 m in height. The 
Eastern Terrace is comprised of the Gallery of Gods, the Gallery of Ancestors, 
and the Altar. On the other hand, the Northern Terrace is the ceremonial 
route which joins the Eastern and Western terraces (Atlas 2014; Ministry of 
Culture and Tourism 2019).  

Xanthos-Letoon  
Inscribed on UNESCO World Heritage List in 1988 and dating back to 

the 3000s BC, Xanthos is known to have been the biggest administrative 
center and the capital of Lycia in antiquity. Additionally, Letoon, inscribed 
on the list together with Xanthos, was one of the most important religious 
centers of this period. In terms of the archaeological assets they include, 
Xanthos and Letoon are important elements of the world heritage and these 
settlements house stone inscriptions where one can see the longest and 
important texts in the Lycian language (UNESCO World Heritage Center 
1988a). Besides, the acropolis, the city wall remains, the theater, the 
Monument of Harpy and the Nereid Monument stand out at Xanthos. 
Located at a distance of 4 km from Xanthos, Letoon houses monastery, 
fountain, and Roman theater remains, along with the temples of Leto, Apollo, 
and Artemis (Ministry of Culture and Tourism 2019). 

Hierapolis-Pamukkale  
The Ancient City of Hierapolis, which includes the splendid white 

travertines made by the water containing calcium oxide and the remains of 
the late Hellenistic-early Christian periods, is among the important 
archaeological heritage sites of Turkey (UNESCO World Heritage Center 
1988b). Having been the capital of Phrygia in the Reign of Constantine the 
Great and an episcopal center in the Byzantine Period, the ancient city 
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completes the ancient decor of Pamukkale – a wonder of nature – with its 
colonnaded street, its theater with a capacity of 9,500 people, its public baths, 
and its wide necropolis. In addition, it is also famous for its healing water, 
which is believed to be good for a wide variety of illnesses. With all these 
qualities of its, Hierapolis-Pamukkale was inscribed on UNESCO World 
Heritage List in 1988 (Atlas 2014; Ministry of Culture and Tourism 2019).  

City of Safranbolu  
Reflecting the Ottoman civil architecture of the 17th and 18th centuries, 

Safranbolu (Ceylan and Somuncu 2016) has been an important settlement 
since very ancient periods thanks to its geographical location and it is an 
intact example of the traditional urban pattern of the Western Black Sea (Atlas 
2014; Ministry of Culture and Tourism 2019). Safranbolu, one of the rare cities 
the whole of which was declared a site with its wooden solid houses – also 
referred to as “Houses of Safranbolu” – and its monumental structures, was 
inscribed on UNESCO World Heritage List in 1994 thanks to these qualities 
of its (UNESCO World Heritage Center 1994; Ministry of Culture and 
Tourism 2019). The city is represented in the World Heritage List in the form 
of three sections as Çukur, Kıranköy, and Bağlar (Turkish Culture Portal 
2019). The majority of the historic houses seen in the city today have been 
surviving since the 19th century and the houses of Kaymakamlar, Kavsalar, 
Karaüzümler, and Kileciler as well as the Mansion of Mümtazlar and the 
Government Office are among the important examples of the architecture of 
Safranbolu. Besides, the primary historic buildings in the city are the Gazi 
Süleyman Paşa Mosque, the Taş Minare Mosque, the İzzet Paşa Mosque, the 
Köprülü Mehmet Paşa Mosque, Cinci and Tuzcu Khans, the Old and New 
Public Baths, and Gazi Süleyman Madrasa. The city bazaar with more than 
200 shops and Hıdırlık Hill are also among the important visiting spots of 
Safranbolu (Atlas 2014). Besides, the bazaars of makers/sellers of yemeni 
(hand-printed head scarves) and blacksmiths, the clock tower, the sundial, 
the old prison and the tannery are also the other important cultural resources 
(Özdemir 2011; Ayaz et al. 2018). 

Archaeological Site of Troy  
The Ancient City of Troy is acknowledged as the starting point of 

prehistoric archaeology. With its historical past that dates back to 3000 BC 
and its ten settlement layers that extend from Troy I to Troy X, the Ancient 
City of Troy also housed many civilizations such as Anatolian, Greek, 
Roman, and Byzantine civilizations (Cook 1973; Korfmann 2001; Aslan 2006). 
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Also known as the place where the Trojan War mentioned in the Iliad by 
Homer was performed, the ancient city was inscribed on UNESCO World 
Heritage List in 1998 owing to all these qualities of its (UNESCO World 
Heritage Center 1998; Ministry of Culture and Tourism 2019). Although the 
early excavations in the city were carried out in 1871 by German Heinrich 
Schliemann, the name that turned the city of Troy from a legend into a reality 
through the excavations he carried out was Manfred Korfmann (Atlas 2014). 
Such remains as the remains of a theater and a public bath as well as an 
extremely developed sewerage system and building foundations have also 
been reached as a result of the still ongoing excavations (Turkish Culture 
Portal 2019). 

Selimiye Mosque and its Social Complex  
The Selimiye Mosque and its Social Complex, which are the most 

important monumental works of Edirne – the capital of the Ottoman Empire 
before the conquest of İstanbul – and which crown the silhouette of the city, 
were constructed in the name of Sultan Selim II in the 16th century (UNESCO 
World Heritage Center 2011; Ministry of Culture and Tourism 2019). The 
mosque and its social complex, Architect Sinan’s work in his mastership 
period, are one of the most important works of the world and Ottoman 
history of architecture with their technical workmanship, aesthetic value, and 
sizes and, due to this feature of theirs, they were inscribed on UNESCO 
World Heritage List in 2011 (Atlas 2014). With their complex that includes the 
madrasas, the covered market, the clock house, the outer courtyard, and the 
library, the Selimiye Mosque and its Social Complex are acknowledged as the 
best work of Architect Sinan (UNESCO World Heritage Center 2011). 

Neolithic Site of Çatalhöyük  
The Neolithic City of Çatalhöyük, which witnessed such important social 

changes and developments as the beginning of agriculture and hunting upon 
the transition from the villages that had been existing in the same geography 
for more than 2000 years to the urban life, was inscribed on UNESCO World 
Heritage List in 2012 due to this quality of its (UNESCO World Heritage 
Center 2012; Atlas 2014; Ministry of Culture and Tourism 2019). Consisting 
of two mounds, the city is a unique example of a settlement with no streets 
with the adjoining houses that are entered from the roofs. The 18 Neolithic 
settlement layers of the city contain wall paintings, reliefs, sculptures, and 
other artistic elements which symbolize social organization and the transition 
to a sedentary life (Ministry of Culture and Tourism 2019).  
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Bursa and Cumalıkızık: the Birth of the Ottoman Empire  
The world heritage site “Bursa and Cumalıkızık: the Birth of the Ottoman 

Empire”, inscribed on the World Heritage List in 2014, comprises three 
components, namely the District of Khans (Orhan Ghazi Kulliye and its 
Vicinity), which encompasses Orhan Ghazi Kulliye and its vicinity; Sultan 
Kulliyes (Hüdavendigar, Yıldırım, Muradiye, and Yeşil kulliyes), and the 
Cumalıkızık Village (Atlas 2014; Özkaplan Yörüklü 2015; Polat et al. 2019). 
Besides, the site also includes the tomb of Orhan Ghazi – the founder of the 
Ottoman dynasty (UNESCO World Heritage Center 2014a). Bursa, the first 
capital of the Ottoman Empire and shaped by kulliyes (social complexes), and 
the Cumalıkızık Village are two good examples to understand the Ottoman 
way of life in the early period with their still living commercial culture and 
the continuity of the rural life quite close to the city (Atlas 2014; Ministry of 
Culture and Tourism 2019). 

Pergamon and Its Multi-Layered Cultural Landscape  
Even though Bergama (Pergamon) consists of the Hellenistic Period, the 

Roman Period, the Byzantine Period, the period of the Principality of Karasi, 
the Ottoman Period, and the period of the Republic of Turkey, it is a multi-
layered Anatolian city which also includes historical stratification (Binan 
Ulusoy 2004; Binan Ulusoy 2013; UNESCO World Heritage Center 2014b). 
Housing many rare examples of the periods concerned together with the 
cultural landscape around it, the site was inscribed on the World Heritage 
List in 2014 due to this quality of its and Pergamon (a multi-layered city) 
consists of nine components, namely the Kybele Sanctuary, İkili, İlyas Tepe, 
Yığma Tepe, Tavşan Tepe, X Tepe, A Tepe, and Maltepe tumuli (Atlas 2014; 
Ministry of Culture and Tourism 2019). Besides, the ancient settlement of 
Pergamon is the best example of the city planning of the Hellenistic Period 
with its monumental architecture. The Temples of Athena, Trajan and 
Dionysus, the altars of Heroon and Zeus, the steepest theater structure of the 
Hellenistic Period, the library, the agora and the gymnasium structures are 
among the most distinguished examples of this period (Ministry of Culture 
and Tourism 2019). Besides, with many mosques, khans, public baths, and 
commercial centers of the Ottoman Period, it maintains its importance today 
as well. The important Turkish-Islamic structures at the site are the Kurşunlu, 
Ulu, Hacı Hekim, and Şadırvan Mosques; the Seljuk Minaret; the Parmaklı 
Masjid; Taşhan, Tabaklar, Çarşı, and Küplü public baths; and the Bedesten 
(Atlas 2014). 
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Diyarbakır Fortress and Hevsel Gardens Cultural Landscape  
Inscribed on UNESCO World Cultural Heritage List in 2015 due to the 

vital cooperation between them and the cultural landscape formed by Hevsel 
Gardens, Diyarbakır Fortress and Hevsel Gardens Cultural Landscape 
consist of two components as Diyarbakır City Walls and Hevsel Gardens 
(Atlas 2014; Çağlar and Doğan 2018; Ministry of Culture and Tourism 2019). 
Diyarbakır Fortress still survives as an original cultural property with its city 
walls and towers, which rank second in the world in terms of length after the 
Great Wall of China but first in terms of oldness (Çelik 2008; Atlas 2014; 
Ministry of Culture and Tourism 2019). Hevsel Gardens have been 
maintaining their garden function for centuries in this region, which also 
includes the Tigris River and Valley, the Anzele water source, and the Ten-
Eyed Bridge (UNESCO World Heritage Center 2015a). Besides, they present 
an original asset as a green area which is open to public use and which is of 
cultural importance in this geography, where the garden culture is of 
profound importance (Atlas 2014; Tutşi 2015; Ministry of Culture and 
Tourism 2019). 

Ephesus  
Ephesus, one of the most important centers of antiquity and displaying 

an extraordinary example of a Roman port city, housed the Hellenistic, 
Roman, East Roman, Principalities, and Ottoman civilizations starting from 
the prehistoric period (UNESCO World Heritage Center 2015b; Ministry of 
Culture and Tourism 2019). Ephesus, which is among the important cultural 
properties of Anatolia with its structures that cast light on the histories of 
urbanization, architecture, and religion and as it has maintained the traces of 
different civilizations to date, was inscribed on the World Heritage List in 
2015. The site consists of four components, namely Çukuriçi Höyük, 
Ayasuluk Hill (Selçuk Fortress, the Basilica of St John, the Public Bath of İsa 
Bey, the Mosque of İsa Bey, and the Artemision), the Ancient City of Ephesus, 
and the House of the Virgin Mary (Atlas 2014; Ministry of Culture and 
Tourism 2019). The primary historic remains at the site are the Temple of 
Artemis, one of the seven wonders of the world; Hadrian’s Temple; the 
Library of Celsus; the Arcadian Street; the theater; and the terrace houses 
(Atlas 2014; UNESCO World Heritage Center 2015b).  

Archaeological Site of Ani  
The Archaeological Site of Ani, which is a medieval city, joins the houses 
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and the religious and military structures constructed for centuries by 
Christians and then by Muslims (UNESCO World Heritage Center 2016). 
Besides, it represents the prototype of the transition from the closed city 
model to the open city model in the region. The location of the settlement on 
the busy trade axes later on caused it to develop as a multicultural 
commercial center, which turned the city into the meeting point of the 
Armenian, Georgian, Byzantine, and Seljuk cultures (UNESCO World 
Heritage Center 2016; Ministry of Culture and Tourism 2019). The 
architectural design ideas, construction materials and techniques and 
decoration details resulting from the mutual cultural interaction contributed 
to the formation of an architectural language unique to Ani, which would 
later spread to whole Anatolia and the Caucasus, and original architectural 
monuments were produced within a continually transforming urban 
landscape. With all these qualities of its, the Archaeological Site of Ani was 
inscribed on UNESCO World Heritage List in 2016 (Ministry of Culture and 
Tourism 2019).  

Aphrodisias  
The archaeological importance of the Ancient City of Aphrodisias comes 

from the perfect preservation of the structures constructed substantially with 
marble and the reliefs and inscriptions extending from the Late Hellenistic 
Period to the Roman and Byzantine Periods, along with the marble quarries 
(UNESCO World Heritage Center 2017). The uncommon proximity of the 
marble quarries to the city is the most important reason why Aphrodisias 
became a high-quality production center for the art of sculpture in marble. 
Aphrodisias is one of the cities which enable one to investigate and 
understand the marble art and architecture of the period with all their aspects 
and trained very famous sculptors. Due to all these qualities of its, the 
Ancient City of Aphrodisias with its temples, theater, agora, and two public 
bath complexes was inscribed on the World Heritage List in 2017 together 
with the ancient marble quarries located about 2 to 3 km to the north-east of 
it (UNESCO World Heritage Center 2017; Ministry of Culture and Tourism 
2019).  

Archaeological Site of Göbeklitepe  
Göbeklitepe draws attention as it is one of the early structures 

constructed as the beginning of a faith system by human beings (Schmidt 
2010) and used as a temple (Karapınar 2017). The unique T-shaped columns 
describe the lifestyles and beliefs of the people living in Upper Mesopotamia 
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about 11,500 years ago (UNESCO World Heritage Center 2018). Göbeklitepe 
was discovered during a survey carried out jointly by İstanbul and Chicago 
Universities, but the real value of the site occurred with the excavations 
launched after 1994. The scientific data about Göbeklitepe express that the 
theoretical framework and dating concerning the Neolithic Period in 
archaeological studies should be re-evaluated. The site has significant 
archaeological remains since it has remained untouched within its natural 
environment for 12,000 years. Owing to all these qualities of its, Göbeklitepe 
was inscribed on the World Heritage List in 2018 (Ministry of Culture and 
Tourism 2019).  

DISCUSSION AND CONCLUSION 

Also given the pressure of the economic, political, and urban dynamics 
of Turkey with considerably intensive cultural potential, it is a difficult and 
yet complicated issue to conserve this potential and hand it down to future 
generations (Erbey 2018). A unique feature of cultural heritage which has not 
been addressed is generally conservation to encourage tourism (Oliver 2006).  

Turkey has rich cultural heritage due to its heritage of civilizations and 
is therefore acknowledged as one of the most striking geographies of the 
world. This carries Turkey to a quite strong point in terms of cultural heritage 
tourism (Hacıoğlu and Avcıkurt 2011; Diker and Deniz 2017). On the other 
hand, the development of cultural heritage tourism is not at the desired level; 
furthermore, it tends to decrease over years (Gülcan 2010). Thus, in the 
international tourism market, where needs and expectations change rapidly, 
Turkey should diversify its tourism activities to this end (Hacıoğlu and 
Avcıkurt 2011) as well as determine the problems that prevent development 
and propose solutions in order for it to conserve and develop the heritage it 
possesses and turn it into an advantage. 

At this very point, UNESCO is an organization which works very 
systematically and regularly with respect to the conservation, development, 
and publicity of natural and cultural assets and which aims to gather these 
actions within an overall framework. In this context, “World Heritage” 
stands out as a concept which makes conservation single and possible in the 
international arena. 

In many previous studies, it is expressed that many cultural assets in 
Turkey have been conserved and handed down to the present and the future 
with UNESCO’s contribution (Somuncu and Yiğit 2009; Khan and Somuncu 
2010; Somuncu and Yiğit 2010; Şentürk 2012; Artar 2016; Ceylan and 
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Somuncu 2016; Ulusan 2016; Akça 2017; Demirçivi 2017; Diker and Deniz 
2017; Karapınar 2017; Tunçer 2017; Çağlar 2018).  

The touristic preferences by people are the natural-cultural sites that 
encourage sightseeing motivations rather than the mass tourism activities 
taking place within the sea-sand-sun triangle, as in the past. Therefore, as also 
stated by Çağlar (2018), one of the most important factors that affect the 
destination preference is the cultural heritage sites possessed.  

Turkey has 18 heritage sites and the sites concerned have extremely 
intensive cultural potential, as also provided above. The only instrument for 
the publicity, conservation, and development of all this potential at both 
national and international levels is cultural heritage tourism – one of the 
sustainable tourism types.  

World Heritage Sites attract millions of visitors every year as they are 
very attractive places in terms of tourism (Khan and Somuncu 2010). When 
the number of properties of the countries inscribed on the World Heritage 
List is considered today, it is seen that their reputations in the fields of culture 
and tourism are parallel. Therefore, the countries almost compete in order to 
enter the World Heritage List (Akpınar 2007). Somuncu and Yiğit (2010) also 
state that the foremost cultural heritage sites of Turkey are important 
attractions for a large number of foreign and domestic tourists. 

In fact, Turkey’s possession of a rich cultural accumulation based on a 
long-standing past besides its natural beauties creates profound diversity 
and difference particularly in terms of cultural heritage tourism (Emekli 
2005). Nevertheless, Turkey was able to have only 18 properties of it, which 
stood out with their intensive cultural potential, inscribed on the World 
Heritage List between 1983 and 2019. As stated by Akpınar (2007), it 
remained extremely inadequate to conserve and utilize those properties of its 
which were in the list or which had qualities with which they could enter the 
list. 

As also stated by Diker (2016), when cultural heritage assets are 
confronted with intensive demands for tourism and when expectations are 
not met, this also brings about some risks. The greatest of these risks is the 
destruction of cultural heritage sites. Thus, Somuncu and Yiğit (2010) 
underline that the inscription of these sites on UNESCO World Heritage List 
has further enhanced their prestige and recognition and that, first of all, the 
cultural qualities of the 18 heritage sites concerned, which were factors in 
their inscription on the list, should therefore be emphasized, conserved, and 
developed.  
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At this point, as also stated by Emekli (2005), cultural heritage and the 
utilization of this heritage by means of cultural heritage tourism have been of 
profound importance in the recent years. However, as also stated by Xavier 
(2004), cultural heritage tourism is not a tourism approach that can solve 
every problem for heritage sites.  

In this respect, a very great duty falls to the relevant institutions and the 
local people – the most important stakeholders of cultural tourism. Emekli 
(2005) states that it is inevitable to carry out studies in this field in Turkey, 
which possesses a significant amount of the world cultural heritage.  

In this context, what should be done first of all is to convert those cultural 
properties of ours which are being destroyed rapidly despite having 
significant potential and which cannot be utilized duly into a ‘touristic 
product’ each in line with the principles of conservation, use, and 
preservation - as also stated by Türker and Çelik (2010) - and to utilize them 
by means of cultural heritage tourism.  

Later on, as also stated by Emekli (2005), it is also absolutely necessary 
(i) to complete the inventory studies that constitute the cultural heritage; (ii) 
to use ancient cities for tourism purposes and to open them to visitors; (iii) to 
draw attention to the works of the Turkish Period and of different periods; 
(iv) to determine the faith elements and to highlight them; (v) to preserve 
traditional architectural features and the traditional lifestyle elements and to 
introduce them to tourism; (vi) to introduce important people and heroes-
events; and (vii) to ensure the more efficient use of museums. 

In addition to all this, Khan and Somuncu (2010) also state that the local 
people should be informed and trained about both the heritage site concerned 
and cultural heritage tourism and enabled to get a share from cultural 
heritage tourism activities. In this way, the local people will comprehend the 
value of the heritage site; be aware; and be more willing to conserve and 
develop the heritage site. 

Indeed, to carry out all the above-mentioned, first of all, there is a need 
for holistic management plans for the sites concerned, as also stated by Khan 
and Somuncu (2010). Akkar Ercan (2016) advocates that a political power that 
will ensure the participation of all sections and guarantee the working of 
participatory mechanisms is absolutely necessary in the planning of cultural 
heritage and in the decision-making processes. 
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INTRODUCTION 
Before the coronavirus outbreak was labelled a pandemic on 11 March 

2020, the World Health Organization (WHO) had prioritised stress as one of 
the greatest health pandemics of the twenty-first century (Li 2019, URL-1 
2020). During March 2020 almost every country in the world went into 
COVID-19 lockdown with unprecedented restrictions on both domestic and 
international movement (Guterres 2020). How these restrictions have 
affected people's psychology and stress levels is a matter of serious concern 
(Guterres 2020).  

Stress is the process by which an individual responds psychologically, 
physiologically, and often with definable behaviours, to a situation that 
challenges or threatens well-being (Ulrich et al. 1991, Baum et al. 1985). While 
many scientists understand the severity that these lockdowns may have had 
on people due to varying income status and living conditions, it is still 
relatively unpredictable what impacts they will have had on global human 
stress levels. 

Nature matters to people. It would seem that even a few trees, a small 
garden, a landscaped area outside one's door, makes a difference. However, 
these small-scale semi-natural or natural fragments of nature that are 
immediately accessible do not replace the role of larger contiguous natural 
areas that one encounters less regularly in urban areas. This is especially 
important in the management of human stress-levels (Kaplan 1983). A 
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spectrum of natural settings, like in natural ecotones, is important in the 
provision of ecosystem services, values and experiences to living organisms, 
including humans (Knopf 1983). At the top of this spectrum, in the cases of 
contiguous expanses of natural areas such as forests for example, there is 
evidence that human stress-levels can effectively be reduced (Bowler, et al. 
2010). 

Given the recent and continuing movement restrictions imposed by 
COVID-19 lockdowns, it is of concern that large numbers of people are not 
able to make contact with nature in these more contiguous and natural forms. 
In highly urbanised, densely-populated areas, the fear of getting sick and the 
ongoing turmoil of political decisions and media coverage can exacerbate 
increasing stress-levels caused by a lack of access to nature. The case of 
COVID-19 therefore gives the scientific community even more precident to 
explore the true value of people accessing contiguous natural areas to combat 
stress.  

Nature-based tourism is defined as encompassing the activities that 
visitors take part in during a holiday whereby, they engage with nature in a 
location away from their home environment (Newsome et al. 2013, Bell et al. 
2007). Nature-based recreation is defined as the nature-based activities that 
people engage in within natural or semi-natural locations as part of their 
leisure time (Nicholls 2006; Bell et al. 2007). Both of these important sectors 
get people into natural areas and are directly dependent on natural resources 
in a relatively undeveloped state (Bushell 2003). As such, it is a requirement 
that these sectors carefully manage their impacts on the natural areas they so 
use, meaning that the growing and popular nature-based tourism and 
recreation industries are often among the few human activities permitted in 
many contiguous natural areas (Buckley 2010, Newsome et al. 2013). 
Activities within these sectors often centre on an ethical responsibility to 
respect nature and create opportunities for the wider community to learn 
about and enjoy the environment (Bushell 2003). 

Today, 12.4% of protected natural areas are covered by forests (Fao 2000) 
and these forests play an important role for nature-based tourism and 
recreation. While flora tourism in general has received growing interest as a 
whole (Sarı 2019, Pickering and Ballantyne, 2012), forest ecosystems have by 
far received the most interest in terms of their capacity to provide long-term 
environmental, economic and social benefits to society (Lohiya 2003). 
Moreover, in light of the COVID-19 pandemic, they play an important role in 
managing the physical and mental well-being of humans who can access 
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forests for nature-based tourism and recreation. This includes physical health 
benefits such as oxygenated air and pollutant amelioration (Karjalainen et al. 
2010, Nowak, 2002) and the support of immune system functioning through 
phytoncide release (Karjalainen et al. 2010, Li et al. 2006) as well as mental 
health benefits such as blood-adrenaline reduction (Li 2010) and the 
reduction of prefrontal brain activity signifying stress-relief (Park et al. 2007). 
The body of research provides evidence supporting the notion that getting 
people back into larger contigous natural areas such as forests through 
managed nature-based tourism and recreation, is important for reducing 
human stress levels. 

While the use of forests has changed over time from spiritual and 
resource extraction sites to the recognition of their value in providing a 
variety of complex ecosystem and environmental services and social 
functions, it is increasingly recognised that new and emerging ways of 
encouraging people to utilise forests sustainably for human health benefits 
need to be embraced (Elands et al. 2010). While demographic and political 
pressures, resource extraction and more traditional forms of recreation (e.g. 
hunting, hiking, horse-riding), challenge the integration of novel forms of 
nature-based tourism and recreation in forests they are key to advancing the 
industry and to allowing more people to gain benefits. Recently, new and 
emerging types of recreation in forests have included technologically-
advanced high-energy activities such as kite-wing and geo-caching (Kaae 
2010), while others have focused more closely on the mental health benefits 
of forests such as the relatively new forest therapy (Shinrin-Rhoyo) and forest 
bathing (Shinrin-Yoku). Such passive forms of nature-based tourism and 
recreation as Shinrin-Ryoho and Shinrin-Yoku are considered to be among 
the most accessible ways for people to "get back to nature" and offer practical 
ways to help people engage with the restorative physiological and mental 
benefits of forests, especially in times of a global pandemic. 

Forest Therapy (Shinrin-Ryoho) and Forest Bathing (Shinrin-Yoku)  
Forest therapy (Shinrin-Ryoho) and forest bathing (Shinrin-Yoku) are 

considered to be among the most accessible ways for people to get in touch 
with the natural world and to lower excessive stress to levels that are 
commensurate with what our bodies are adapted to cope with (Tsunetsugu 
et al. 2010). 

A forest bathing trip, or Shinrin-Yoku in Japanese, involves a visit to a 
forest area for relaxation and recreation by breathing in volatile substances 
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derived from trees, such as alpha-pinene and limonene and a range of 
phytoncides (Li et al. 2008a, Mencagli and Nieri 2019). Park et al. 2007 
describes Shinrin-Yoku as a process in which activities in forest environments 
are used to improve the mental and physical health of people. The term was 
invented in 1982 by the then Director-General of the Agency of Agriculture, 
Forestry and Fisheries of Japan (MAFF), Tomohide Akiyama, who stated that 
the people of Japan needed healing through nature. The idea was to develop 
a unique brand identity, linking forest visits to health and wellness-oriented 
ecotourism and forming a campaign to protect the forests (Clifford 2018, Li 
2019). Since forests occupy 67% of the land in Japan, forest bathing was easily 
accessible and has since become a recognised form of nature-based tourism 
and recreation in Japan that anyone can take part in (Li et. al. 2008a). 

In 1999, Prof. Dr Iwao Uehara a professor at the Tokyo University of 
Agriculture and president of The Society of Forest Amenity & Human Health 
Promotion in Japan presented and defined another term, forest therapy or 
Shinrin-Ryoho, at the Japanese Forest Society. He discussed that Shinrin-
Ryoho is an ideal therapy for people with a disability, suffering from physical 
illness, mental health and “lifestyle diseases” (Williams 2020). While Shinrin-
Yoku and Shinrin-Rhoyo are often stated as the same thing they have a simple 
fundamental difference and that is their application. Forest therapy (Shinrin-
Ryoho) is always conducted by a certified professional. It involves knowing 
psychological counselling methods as well as having the ability to handle 
patients with different types of mental health problems. It is most effective 
when carried out on a one-to-one basis or in small groups of people with 
similar issues. Forest bathing (Shinrin-Yoku), on the other hand, can be done 
by anyone. It is merely a more mindful way of being in nature. You do not 
need any certification for forest bathing. The two forms are simply delineated 
in this way and while forest therapy with a guide is a great way to fully 
experience this practice and gain an understanding of how to go about it, it 
is important to understand that the underlying principle is that the forest 
itself is the therapist. Any role of a forest bathing guide is meerly to act as a 
"forest friend", to open the doors of the senses via professional training and 
knowledge and help people find their connection with nature (Clifford 2018). 

By 2004 Japan’s MAFF, understanding the potential for a managed forest 
therapy and forest bathing industry, released the "Therapeutic Effects of 
Forests Plan". The aim of this plan was to collect data on the relaxation effects 
of forest environments from the viewpoint of evidence-based medicine (Park 
et al. 2009). Based on these effects of nature on human well-being, MAFF then 
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created a blueprint for the "Forest Therapy Stations" project in 2005. The term 
"forest therapy" was concreted more firmly in administration during the 
process of developing this project, and at the time the underlying idea was 
ear-marked as a branch of aromatherapy (Lee et al. 2012). The main reason 
why forest therapy seems to have been included as a form of aromatherapy 
is that its healing effects refer to the plant-produced monoterpenes inhaled 
by visitors. Innovative research since the set-up of Japan's forest therapy 
plans and strategies has included studies of the effects of monoterpenes 
issued by trees on the immune system, and of the presence of negative ions 
beneficial to human health (Mencagli and Nieri 2019). Japan currently 
continues to lead this field of research and has accumulated a relatively large 
amount of scientific data on forests and human health. Substantial research 
on the practise of both forest therapy and forest bathing has focused on the 
key aim of protecting and using forests for these important health benefits 
(Yu et al. 2017). 

While the emerging concepts of forest bathing and forest therapy became 
integrated into forest conservation, tourism and recreation planning in Japan, 
outside of Japan they have been the focus of limited research. These forest 
practises had been grouped under the practise of aromatherapy in earlier 
stages of classification, however researchers outside of Japan began to 
suggest the fields would be more accurately reflected as a form of 
“ecotherapy”. The main ideology of ecotherapy refers to human healing and 
growth nurtured by healthy interactions with the earth and acknowledges 
the vital role nature plays in human survival (Clinebell 1996, Buzzell and 
Chalquist 2009). The term is also used synonymously with "green therapy" 
and "earth-centered therapy". Ecotherapy is therefore regarded as an 
umbrella term for nature-based methods of physical and psychological 
healing and accurately incorporates forest bathing and forest therapy 
inclusive of, yet not defined by, their components of aromatherapy.  

Forest therapy has now become an emerging therapeutic approach used 
by psychologists, ecopsychologists, biologists, physicians, and health-care 
workers globally. They draw on interdisciplinary research from a range of 
disciplines that describe this form of use for forests and experiences 
practising it to heighten the understanding, importance and benefits of 
contiguous natural areas and of engaging in such passive forms of nature-
based tourism and recreation. 
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The Benefits of Forest Therapy and Forest Bathing 
The practice of forest therapy and forest bathing is passive, allowing the 

participant to take in the forest environment through the senses without 
exertion (Payne and Delphinus 2018) unlike many other forms of nature-
based tourism and recreation. Forest therapy and forest bathing have various 
benefits not only based on health (physiological and psychological), but also 
on the host environment such as providing mandates for forest protection 
and economical diversification of existing nature-based tourism and 
recreation sectors. Economically, long-term benefits may potentially include 
the reduction in costs of supplying medications, clinical appointments and 
welfare support such as residential care to the community (Iwata et al. 2016) 
if the health benefits can stem the progression of chronic diseases. If forest 
therapy and forest bathing are promoted and managed to assist people in 
mental health counseling and in the combat of physical ailments through 
absorption of volatile compounds, these emerging forms of tourism and 
recreation could have untold benefits on a wide array of health issues that 
would otherwise require expensive, reactive treatments and support, often at 
the cost of government-administered social welfare systems (Miyazaki 2018). 
Additionally, if forest therapy and forest bathing grow in popularity, rises in 
visitor numbers can promote surrounding hospitality and accommodation 
business associated with local communities (Tseng et al. 2017). 

For forest therapy and forest bathing however, the benefits subject to 
most research have been those associated with health (Figure 1). Positive 
physiological effects of forest therapy have been reported on the 
cardiovascular system (such as reducing heart rate and blood pressure) 
(Ohtsuka et al. 1998, Hartig et al. 2003, Tsunetsegu et al. 2007, Park et al. 2008, 
Lee et al. 2009, Park et al. 2009, Park et al. 2010, Kjellgren and Buhrkall 2010, 
Li et al.2011, Lee et al. 2011, Mao et al. 2012, Tsunetsugu et al. 2013, Song et 
al. 2015, Hansen et al. 2017, Ideno et al. 2017, Yu et al. 2017), immune and 
endocrine systems (such as increase in natural killer cells/anti-cancer protein 
production and reducing blood-sugar levels) (Ohtsuka et al. 1998, Li et al. 
2006, Li et al. 2007, Li et al. 2008b, Li et al. 2008c, Li 2010, Li et al. 2011, Lee et 
al. 2009, Park et al. 2010, Nakau et al. 2013), gastrointestinal tract (such as 
stomach ulcer recovery and easing digestion) (Li and Kawada 2014, Kim et 
al. 2019), respiratory system (such as allergies and respiratory diseases) (Seo 
et al. 2015, Hansen et al. 2017, Edwards and Woods 2018) and nervous system 
(such as decreasing the level of cortisol and other stress hormones)  
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Figure 1. Forest therapy and forest bathing health link (adapted from Kuo, 
2015) 

(Yamaguchi et al. 2006, Lee et al. 2009, Lee et al. 2011, Lee et al. 2014, 
Tsunetsegu et al. 2007, Tsunetsegu et al. 2010, Park et al. 2007, Park et al. 2008, 
Park et al. 2009, Park et al. 2010, Jung et al. 2015, Yu et al. 2017). Positive 
psychological effects can be seen on mental health and emotional well-being 
by reducing stress, depression, anger, fatigue, confusion, improving mood, 
concentration and memory, increasing sense of relaxation and helping in the 
treatment of eating disorders (Yamaguchi et al. 2006, Tsunetsugu et al. 2010, 
Corazon et al. 2010, Martens et al. 2011, Mao et al. 2012, Song et al. 2013, Craig 
et al. 2016, Hansen et al. 2017, Yu et al. 2017, Mathias et al. 2018, Clifford 2018, 
Li 2019).  

Both economic and individual health benefits of forest therapy and forest 
bathing are related to the forested environment being in a relatively 
contiguous and undeveloped state, and therefore often linked with the 
requirement for forest protection. The requirement for forests to be in such a 
natural state is important as healthy and biodiverse forests reminiscent of 
their relict composition, structure and function can better provide the 
ecosystem services that catalyse the positive physiological and psychological 
effects. These ecosystem services, governed by physical parameters such as 
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moderated cool air temperature, humidity, luminance, low radiant heat, air 
currents and soundscape therefore function better in larger contiguous 
natural areas with reduced external human impacts (Forest Therapy Institute 
2020).  

Such a relatively undeveloped and natural forest atmosphere is highly 
oxygenated and is largely free of many of the environmental pollutants found 
in urban environments, as the deposition of pollutants to the canopy and the 
reduction of air temperature through shading and transpiration can improve 
air quality (Mathias et al. 2018). The air in forests is also loaded with beneficial 
natural chemicals including phytoncides (Li 2019). Many studies have been 
published, and though the results varied, hypotheses from the 1980s have 
recently been confirmed that phytoncides can catalyse hormonal changes that 
improve our health (Garcia and Miralles 2020). The concentration of 
phytoncides in the air depends on many factors, such as season, climate, and 
forest composition. These chemicals tend to differ from forest to forest and 
more intensive concentrations can be found at warmer latitudes (Tsunetsugu 
et al. 2010, Li 2019). The main components of phytoncides are terpenes and 
the major terpenes are D-limonene, Alpha and Beta-pinene, Eucalyptol, 
Menthol, Geraniol and Camphene (Li 2019, Mencagli and Nieri 2019). From 
the numerous studies on European vegetation, especially on that of the 
Mediterranean basin, information can be obtained on the emission rates of 
terpenes of different species. For example, the Forest Therapy Institute 2020 
describes species such as Pinus pinea, Pinus halepensis, Pinus sylvestris, Picea 
abies, Betula pendula, Populus tremula and Eucalyptus globulus as having 
medium emissive potential, while species such as Quercus ilex, Quercus suber, 
Quercus coccifera, Fagus sylvatica and Castanea sativa have high emissive 
potential (Li, 2019, Forest Therapy Institute 2020). 

In combination these physical and chemical parameters reflect the 
subjective evaluation of forest environments and provide balances between 
opposing situations that can be beneficial for successful conduct of forest 
bathing and forest therapy. In a larger, more contiguous natural area, such as 
in the core of a forest, these physical and chemical parameters support 
observed positive mental interpretation of the forest environment, e.g. 
relaxing over stimulating, quiet over noisy, tense over relaxed and colour-
rich over plain (Forest Therapy Institute 2020). 

In this way, the physical and chemical-based ecosystem services 
provided by forests of reducing air, noise, heat and light pollution that have 
been well-researched as beneficial to human health and stress form the 
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foundations for the phsyiological and pyschological benefits of forest therapy 
and forest bathing. For years, the capacity for forests to increase human social 
and health wellbeing has been assessed (Chen 2019) and it is clear now that 
forest therapy and forest bathing provide a novel form of nature-based 
tourism and recreation that allows people to truly reap the benefits. 

Forest Therapy and Forest Bathing Trails 

While forest bathing remains unguided and at the mercy of individual 
interpretation, both forest bathing and forest therapy can benefit from the 
design and implementation of tailor-made trails. Guiding and supporting 
safe passage of visitors through a contiguous natural forest area either by a 
trained professional or individually, trails can be planned to maximise the 
physiological and pyschological effects of the physical and chemical-based 
ecosystem services that make forest bathing and forest therapy so beneficial. 

A suitable trail needs to incorporate some key features to make full 
advantage of these benefits such as a certain width, certain length, moderate 
slopes, well-maintained and well-marked trails, options for universal access, 
access to restroom facilities and parking at the trail head, safety from hazards 
and access to a wide variety of eocsystems containing key plant species 
especially coniferous trees. It is recommended that the trails are divided into 
20 minutes of walking time per section so people can electively end their walk 
where they decide fit (Sato et al. 2017). Additionally, the travel that takes 
place along the trailed route must be smooth enough to promote enjoyable 
walking and repetitious testing using a defined methodology muct be 
conducted to measure the effectiveness of the forest therapy trail in this way. 

The trail also needs to be relatively core-located to minimise exposure of 
visitors to edge effects including infiltration of pollutants, noise and excessive 
UV. Accompanying guides, therapists or forest managers should be 
incorporated into this planning to ensure that the experience does not detract 
from conservation or existing tourism and recreation policies integrated into 
forest management plans and to make therapy more effective (Li 2019, URL-
2 2020).  

It is imperative to keep in mind the fundamental importance of 
accessibility. The inclusion of trails or paths that allow a visitor to spend at 
least two or three hours in the forest without getting bored or lost, structured 
in such a way as to allow the experience to carry out in safety without 
particular physical training, is certainly an important factor to consider 
(Mencagli and Nieri 2019). In this way more people of varying backgrounds, 
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abilities and aspirations can take part in forest bathing and forest therapy. 

Forest Therapy and Forest Bathing as New Function Proposals: 
Potential for Turkey 

Being at the center of the landmass adjoining Asia, Europe and Africa, 
Turkey has a plethora of unique ecosystems hosting remarkable biodiversity. 
With its unique geographic position, rich topographic features and climatic 
variation, Turkey has an impressive biodiversity in terms of its ecosystems, 
fauna and flora, making it home to three of the world's 36 biodiversity 
hospots (Myers et al. 2000, Terzioğlu et al. 2012, URL-3 2020). Turkey is also 
the meeting place of three phytogeographical regions, the Euro-Siberian, 
Mediterranean and Irano-Turanian regions (Çolak et al. 2010). Today, 28.6% 
of country’s total land area (over 221,000km2) is covered with forest 
ecosystems of varying types and nearly all are assets of public land managed 
by the Government of the Turkish Republic (99.99%) (Çolak et al. 2010, 
Terzioğlu et al. 2012, OGM 2015).  

Given the large volume of forests present across Turkey that are open for 
public use through state land access rights, the country is in a prime position 
to develop and promote sustainable nature-based tourism and recreation 
opportunities such as forest therapy and forest bathing. Moreover, of 
Turkey's 450+ native tree and shrub species (Çolak et al. 2010) the dominant 
tree species that comprise a large majority of Turkey's forests are among those 
classified as having medium and high terpene emissive potential as described 
by Li (2019) and Forest Therapy Institute (2020). These species include oaks 
(Quercus spp.) that have among the highest emissive potential, with 13 
species, as well as evergreen coniferous species such as the Calabrian Pine 
(Pinus brutia), Scots Pine (Pinus sylvestris) and Anatolian Black Pine (Pinus 
nigra). Other species with lower emissive potential but still with great 
capacity to provide benefit to forest therapy and forest bathing include 
various beeches (Fagus orientalis and Fagus sylvatica), and firs (Abies 
nordmanniana and Abies cilicica) and these species comprise a considerable 
share of the country’s overall forest resources (Terzioğlu et al. 2012). Forty-
two percent (42%) of the country's forest area is comprised of coniferous 
species alone. 

Across the three phytogeographical regions, Turkey's forests are highly 
suitable for prospective forest therapy and forest bathing tourism and 
recreation opportunities. The Euro-Siberian region, which extends along 
most of North Anatolia and a narrow strip along the Black Sea coast of 
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European Turkey (Istranca Mountains to the Belgrade forest near the 
Bosphorus), has the largest area covered by forests (Çolak et al. 2012) and also 
contains a large proportion of the country's human population. The region is 
characterised by broad-leaf and mixed coniferous forests and is governed by 
more temperate maritime weather patterns generating higher rainfall and 
atmospheric moisture than the other phytogeographic regions of the country. 
Key areas that contain large contiguous natural forests dominated by 
medium and high emissive potential tree species in the comparatively 
densely-populated Euro-Siberian region include the Samanlı Mountains, 
Uludağ, Istranca Mountains, the Bolu Mountains and further east, the Kaçkar 
(Doğaner 2019). These areas should be the focus of any future prospects to 
scope out forest therapy and forest bathing ventures in the country. 

Despite both the ecological and demographic factors of Turkey's Euro-
Siberian region lending itself to forest therapy and forest bathing, to date 
there is only one forest therapy trail registered in the country, that in Balçova 
near İzmir. This forest therapy trail is not certified and is located within the 
characteristically drier and more sparsely forested Mediterranean 
phytogeographical region where the composition of the dominant strata of 
forest ecosystems is often more uniform.  

Following the commission and release of Turkey's draft TBMM Medical 
and Aromatic Plants Research Commission in 2019, there was a call for 
improved mapping of Turkey's ecosystems and plant communities, as well 
the start of a broadscale capacity study for the establishment of medicinal, 
mental health and recreation benefits within these ecosystems (URL-4, 2020). 
It seems that the biggest problem in Turkey preventing the investigation of 
it's forests for novel and emerging forms of nature-based tourism and 
recreation like forest therapy and forest bathing is the rapid change of the 
status of the forest areas designated as urban forests, nature parks and 
national parks. These rapid legal changes lead to planning and design works 
in these areas that prioritise examining of natural resource values for 
extractive and consumptive uses rather than experiential uses and industries 
such as the tourism and recreation sector. 

While Turkey has lagged in kick-starting the studies and planning 
required to establish forest therapy and forest bathing, other countries have 
begun to adopt the Japanese-born practises. In Japan itself since the set-up of 
it's forest therapy plans and strategies, the industries have grown and as of 
February 2016, 60 forests in Japan had received their credential as forest 
therapy bases and have actively participated in offering forest therapy 
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activities. Japan now has 65 certified forest trail over the country (URL-5, 
2020). Across these forests, local governments have reported to MAFF a 
unanimous increase in hospitality demand by the visitors to forest, thus 
supporting economic incentives to preserve forest ecosystems and further 
promote forest therapy tourism and recreation. Millions of Japanese people 
affected by stress, hypertension and anxiety from modern urban life have 
turned to Shinrin-Ryoho and Shinrin-Yoku at one of these official forests or 
trails designated by MAFF. These beneficial forms of nature-based tourism 
and recreation seem to be successful and within everyone’s reach (Garcia and 
Miralles, 2020).  

 In Germany, the government has already legalized forest therapy as a 
medical practice and has begun investing in planning and mapping forest 
therapy trails and forest bathing experiences in the nation's forests, for 
example those provided by Das Kranzbach (URL-6 2020). In Canada, the 
Global Institute of Forest Therapy (GIFT) was established as an organisation 
that focuses on intitiating and supporting scientific research into the social, 
economic and health benefits of forest therapy and forest bathing. The 
organisation also supports healthcare practitioners and other trainees to 
become certified guides in forest therapy ventures. The establishment of GIFT 
led to the country's first designated Forest Therapy/Shinrin Yoku Trail at the 
relatively small 11ha forest reserve at Springdale Park recently. This trail is 
managed and within easy reach of the city's residential areas and therefore 
open with easy access to it's citizens.  

Thanks to the advances made by other countries in embracing forest 
therapy and forest bathing, Turkey is in a good position to open its doors to 
further investigation into planning for these forms of passive and beneficial 
nature-based tourism and recreation. Utilising the structures and certification 
criteria used to highlight ideal existing forests for trail designation in other 
countries such as Japan, Germany and Canada, Turkey's Ministry of Forestry 
is encouraged to communicate with other nations to pioneer and establish 
forest therapy and forest bathing bases, especially in the highly suitable Euro-
Siberian region. 

Conclusions 

The current COVID-19 global health pandemic gives the scientific 
community greater incentive to present research to national and international 
governments on the health benefits of forests and other contiguous natural 
areas. While COVID-19's effects on global human stress levels are yet 
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unknown, engaging in prescriptive and well-managed forms of nature-based 
tourism and recreation that provide multiple health benefits that have been 
proven to ameliorate stress is important. Add to this the tandem economic 
and environmental benefit of designating nature-based tourism and 
recreation industries through well-managed and sustainable planning, and 
there is considerable weight in this subject.  

Forests are enormously valuable resources for human health functioning 
as a source of physical and chemical parameters that benefit both 
physiological and psychological wellbeing. Evidence based on research from 
various countries into the health benefits of forests and passive forms of 
forest-based tourism and recreation like forest therapy and forest bathing, 
presents growing recognition for the embrace of such novel forms of passive 
and experiential forest uses (Pillmayer et al. 2019).  

Forest therapy and forest bathing constitute more than just a walk in the 
woods. Unlike hiking, there is no particular destination and no physical 
exertion required, it is an exercise for the mind, not the body (Li, 2019). These 
emerging industries deserve more detailed investigation into their potential 
benefits in holistically managing the fallout of COVID-19 and other global 
health concerns. Research is needed into the sustainable planning of suitably-
designed trail routes for forest therapy and forest bathing, especially in 
countries currently downgrading the importance of tourism and recreation 
planning such as Turkey. While Turkey contains abundant and highly 
amenable forest ecosystems close to dense human populations affected by 
COVID-19, the prescriptive incorporation of such health-centred forest 
therapy and forest bathing industries has yet been avoided.  

While the world's focus currently lies on reacting to the spread of 
COVID-19, it could be beneficial to partition some resourcing to the funding 
of opportunities to allow people to restore mental and physical wellbeing 
through nature and ameliorate the indirect impacts such a pandemic may 
have on human stress. This in turn may help to mitigate the double-edged 
sword of two global health pandemics. 
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INTRODUCTION 

For about 6000 years, human communities have built their civilizations 
on river valleys and flood plains. Thus, the wetland system and rivers have 
been critical for the survival and development of humanity (Anonymous 
2018). For this reason, these areas constitute one of the most sensitive living 
environments for the identification of the existence of the natural system and 
the cultural activities on it (Kaplan et al. 2005). Rivers and wetlands are 
crucial of biological diversity, ecological impacts, cultural and societal 
development (Arthington et al. 2010; Geist 2011; Hamed 2017; Wantzen et al. 
2016). Despite this, rivers have been subjected to human intervention for 
centuries. Thus, both humans and ecosystems were negatively affected by 
these interventions (Vörösmarty et al. 2010). Current or potential pressures 
on wetlands and river ecosystems, which also support other habitats and 
natural systems with their functions, are not only limited to threatening these 
environments, but also adversely affect their respective habitats (Kaplan et 
al. 2005). 

In many rivers and wetlands of the world, huge changes have occurred 
due to the intensive use of these areas of societies (Sala et al. 2000). For human 
communities, rivers contribute to many ecosystem services. As a result of any 
deterioration in these ecosystems, it also affects the benefits of ecosystem 
services to society. In future, on river ecosystems; Problems such as 
population growth, urbanization, water pollution and climate change are 
expected to put more pressure (UNESCO 2016). For example; water 
pollution, waste disposal, riparian simplification, bank alteration, 
overexploitation of habitat all affect river ecosystems. As a result of the 
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deterioration on the river channel structure, water flow and vegetation so the 
deterioration of their river ecosystem specific character and cause irreversible 
changes (Sabater 2008). 

Ensuring the continuity of rivers and wetlands benefits to increase the 
capacity to meet community needs requires an important strategic approach 
to rational planning and management of water resources. Adopting a 
strategic approach requires management of river ecosystems and related 
development and decisions to be made in a way that all managers and 
decision makers can understand (UNESCO 2016). 

The purpose of this study, especially the world in (America, Europe, Asia 
and Turkey) streams and wetland ecosystems examined the of landscape 
restoration work done in determining the planning framework for landscape 
restoration/rehabilitation/ reclamation in the world and the measures, 
policies and so on. giving information about studies. 

River and Wetland Ecosystem 

Water is essential to life on earth (Palmer and Bernhardt 2006) but the 
water cycle is an important movement that makes life on earth permanently. 
Basically water, falls on the earth with rainfall, permeable areas of soil 
leakage and water retention, storage as groundwater mass, the emergence of 
the earth in the form of resources, surface flow and flow of water downstream 
to the basins and evaporation of the cycle is a cyclical repeat (DKMP 2014).  

The Ramsar Convention on “wetlands” defines these ecosystems “as 
areas of marsh, fen, peatland or water, whether natural or artificial, 
permanent or temporary, with water that is static or flowing, fresh, brackish 
or salt, including areas of marine water the depth of which at low tide does 
not exceed six meters” (Ramsar 2016). Wetlands are considered “as terrestrial 
ecosystems dominated by herbaceous vegetation with the water table at or 
above ground level for at least half of the year”. It includes freshwater 
ecosystems, rivers, lakes and groundwater. It is closely interconnected with 
natura ecosystems on the surface of water and land, such as other riparian 
areas, floodplains, wetlands (European Commission 2018). For this reason, 
rivers and wetlands compose the richest and most efficient ecosystems of the 
world. These areas are extremely complicated natural systems that serve a 
many people and local people and have functions and values that are not 
comparable to any other ecosystem on Earth (Anonymous 2015). Rivers and 
wetlands play a essential role in economic improvement of a country by 
providing sustainable water resources, an important transportation route for 
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goods and services (Nuruddin and Ali 2013). In addition, these fields benefits 
of include; support of many species of plants and animals, flood control, 
coastal protection, improved water control and quality, enhancement of 
recreational and educational opportunities (Ashland 2011). Furthermore, 
these areas provide important riparian habitats for terrestrial and aquatic 
habitats (Nilsson and Svedmark, 2002). 

Rivers and wetlands ecosystems are sensitive to various pressures and 
their conditions can be evaluated with different parameters. These 
ecosystems lead to habitat transformation and destruction (land 
transformation), climate change, pollution and nutrient enrichment, 
overexploitation, and many other problems (European Commission 2018). 
Riparian zones, create a transition environment between terrestrial and 
freshwater ecosystems. These regions have been threatened with time in the 
world with the land reclamation and use of natural resources (Clerici et al. 
2014). Nowadays, therefore, streams and wetlands have lost their capability 
to support functions such as supplying crucial habitat, recreation, drinking 
water provide, and flood control by impacts to the balance of sediment and 
discharge relationship (URL1). These sensitive environments serve 
numerous of ecological and societal services, while meanwhile playing an 
important role in the protecion of biodiversity in fragmented landscapes 
(Clerici et al. 2014).  

Ecological/ Landscape Restoration 

Intensive human use of rivers started more than 500 years ago, and the 
basins lost, gradually, their naturalness and ecological integrity (Nienhuis 
and Leuven 2001). However, many rivers have lost the function of providing 
ecosystem services to the regions where they are located and connected. For 
this reason, studies have started today to restore these ecosystems to their 
former functions. The term "restoration" has been associated with streams 
and wetlands in recent years and evaluated in studies to protect these areas 
and ensure sustainability. 

The term "restoration" is used in many ways in ecosystem management 
and planning. The term restoration has been applied since the 1990s to 
projects with different goals and dimensions. “The spanning a range of 
possibilities from ecological restoration, which focuses on the 
reestablishment of preexisting biotic integrity in terms of species composition 
and community structure, to rehabilitation, which focuses on re-
establishment of ecosystem processes, productivity, and services” (SER 2004). 
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Over time, many definitions have been introduced in order to bring 
ecosystems into a natural or intact state, both in terms of ecological 
restoration and restoration of streams and wetlands (Table 1). 
 

Table 1: Definition of restoration and ecological restoration (developed form 
(UNESCO, 2016; Hamed, 2017) 
 

Reference Definition of “restoration” 

The Society for Ecological 
Restoration (SER) 2004 

“the restoration is process of helping the recovery of an 
ecosystem that has been degraded, damaged, or 
destroyed” 

Federal Integragency 
Stream Restoration 
Working Group 
(FISRWG) 1998 

“the restoration is the re-establishment of the structure 
and function of ecosystems” 

Roni and Beechie 2013  
“returning an aquatic system or habitat to its original, 
undisturbed state” 

 Definition of “ecological restoration” 

Lewis 1990 
“a return from a disturbed or totally altered condition to 
a previous existing natural, or altered condition by some 
action of man” 

Cairns 1991 
“the state of full functional and structural return to the 
pre-disturbance state” 

Nation Research Council 
(NRC) 1992 

“the ecological restoration is re-establishment of the 
structure and function of ecosystems” 

Dunster and Dunster 1996 
“the ecological restoration is involving the recovery of 
ecosystem functions and processes in a degraded 
habitat” 

FISRWG 1998 
“the ecological restoration is the process of returning an 
ecosystem as nearly as probable to pre-disturbance 
conditions and functions” 

SER 2004 

“the ecological restoration is the process of assisting the 
recovery of an ecosystem that has been degraded, 
damaged or destroyed to repair ecosystem processes, 
productivity and services” 

Rivers and Wetlands Restoration 

Human use of ecosystems has increased very rapidly over the last 
century. It is thought that the services provided by ecosystems in the world 
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are almost 60% deteriorated or unsustainable (Millennium Ecosystem 
Assessment (MEA) 2005). The main reasons of the degradation in the streams 
and wetlands are; climate change, wrong land use in agriculture, 
urbanization, interventions in river beds, changing of natural species in 
habitat, urban and industrial wastes, reduction of biodiversity in water, 
activities of mine and sand quarries, presence of improper drainage and 
irrigation systems, dam construction etc. (FISRWG 1998).  

Major studies are carried out in the world to restore and improve the 
ecological integrity of rivers and landscape processes in its natural structure 
(Jenkinson et. al. 2006). Restoration work is carried out in many areas, 
including river ecosystems, which is one of the components of the landscape 
(UNESCO 2016). Many ecosystems in Europe are almost about to lose their 
ability to offer ecosystem services (European Commission 2011). The 
restoration of streams, rivers, wetlands and watersheds has become a growth 
industry in North America and Europe in the 21st century (Bernhardt et al. 
2005). In recent years, the requirements of restoration studies have emerged 
in order to restore the ecosystem services provided by rivers. Restoration 
goals are therefore diverse and their categorization may help improve 
communication of restoration project aims (Hamed et al. 2017). SER 
identified key feature of successful restoration that fall into four main 
categories; “(a) species composition, (b) ecosystem function, (c) ecosystem 
stability, and (d) landscape contex” (Palmer et al. 2014).  

The most important step towards degradation of river and wetland 
ecosystems should be to protect the functions of the current ecosystem and 
to limit and reduce human impacts in these areas. Such studies involve many 
times under integrated water resources management to reduce point and 
diffuse pollutions and prevent ecosystem degradation in riparian areas 
(UNESCO 2016). In order to create healthy river ecosystems, it is aimed to 
restart the natural processes of ecosystems, to provide habitat diversity, to 
identify the root causes of the problems and to improve them (RRC 2019). 

"River restoration" is the re-establishment of natural physical processes, 
features and physical habitats of a stream system (RRC 2019). "Wetland 
rehabilitation" definition is restoring an existing, however degraded wetland 
back to its original condition. Improvement of wetlands is defined as 
rehabilitation of degraded wetlands and rehabilitation by reconstruction 
(NRCS 2008).  

The definitions made for ecological restoration studies have generally 
changed from the returning of ecosystems to the integrated ecosystem 
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management approaches. For this reason, there are many definitions about 
ecological restoration (Table 2). 

Table 2: Definition of river and wetland restoration (developed from (UNESCO 
2016, Palmer et al. 2006, Dufour and Piegay 2009) 
 

References Definition of “river and wetland restoration” 

Gore 1985 
“river restoration is the process of recovery enhancement. 
Recovery enhancement should establish a return to an 
ecosystem” 

Osborne et al. 1993 
"river restoration should aim to create a system with a 
stable channel or a channel in dynamic balance that 
supports a self-sustaining” 

Society of Wetland 
Sciensts (SWS) 2000 

“actions taken in a converted or degraded natural wetland 
and rivers that result in the re-establishment of ecological 
processes, function, and biotic/abiotic linkages and lead to 
a permanent, flexible system integrated within its 
landscape” 

Wohl et al. 2005 

“assisting the improvement of ecological entirety in a 
degraded watershed system by re-establishing the 
processes essential to support the natural ecosystem 
within a watershed” 

Palmer and 
Bernhardt 2006 

“repairing waterways that can no longer perform essential 
ecological and social functions” 

United States 
Department of 
Agriculture (USDA) 
2008 

“wetland restoration is defined as the rehabilitation of a 
degraded wetland or the reestablishment of a wetland” 

Natural Resources 
Conservation 
Services (NRCS) 2008 

"wetland restoration is defined as the rehabilitation of a 
degraded wetland or the re-establishment of a wetland are 
a close approach of the original natural condition that 
existed prior to modification to the extent practicable” 

European Centre for 
River Restoration 
(ECRR) 2016 

"river restoration covers various measures expressing the 
relationship between river morphology and hydrology 
and land use practices and spatial planning” 

UNESCO 2016 
"river and wetland restoration is to support the natural 
ecosystem, to improve the ecosystem services it provides, 
and to help restore the degraded or damaged ecosystem.” 

River Restoration 
Centre (RRC) 2019 

"river restoration is the re-establishment of natural 
physical processes, features and physical habitats of a river 
system” 
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River and Wetland Restoration in the World 

River restoration is a phenomenon that started in many countries to seek 
answers to industrial development and water quality problems that started 
after the 1970s (UNESCO 2016). Today, river restoration is practiced 
throughout the world and includes a diverse array of techniques that are 
often specific to a country or region (Palmer and McDonough 2013). The 
restoration of rivers, streams, wetlands and watersheds has grown in North 
America and Europe in the 21st century, with an estimated more than 1$ 
billion spent yearly in the United States only (Bernhardt et al. 2005). Almost 
80% of the US rivers are affected by human activities. In many countries and 
continents, pressure on river ecosystems increases with river pollution, 
coastal zone degradation, flood risk and increased population. (World Water 
Assessment Programme (WWAP) 2012). The numbers of affected river and 
wetlands ecosystems vary around the world. The number and scale of 
watershed restoration efforts, along with spending on restoration, has 
increased rapidly in the last years in North America, Europe, Australia, and 
elsewhere (Roni and Beechie 2013). Approaches to the restoration of streams 
and wetlands vary by country and region. The United States, The river 
restoration focuses on restoring endangered salmon habitat, whereas 
Chesapeake Bay restoration centers on better water quality. In Southeast 
Australia, exotic willow removal and bank stabilization with native plantings 
dominate restoration activities whereas restorationists in other areas plant 
native willow species to restore riparian vegetation (Jenkinson et al. 2006). 

Organizations that contribute to the development of projects for the 
restoration of rivers and wetlands in the world and for the transformation of 
these areas into a natural or partially modified ecosystem have been given 
(Table 3). 
 

Table 3: Organizations interested rivers and wetlands in world 
 

Country Organization 
United State United State Environmental Protection Agency (EPA) 

River Restoration Resource Center (RRRC) 
Europe  European Environment Agency  

European Centre For River Restoration (ECRR) 
The River Restoration Centre (RRC) 
National River Authority (NRA) 
Danish Centre For River Restoration ( DCRR) 
Netherlands Centre For River Studies (NCR) 
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Italian Centre For River Restoration (ICRR) 
Wetlands International Europe 

Pacific Australian River Restoration Centre (ARRC) 
Asia  Asian River Restoration Network (ARRN) 

JAPAN River Restoration Network (JRRN) 
North America River Restoration Northwest 
Turkey  Republic of Turkey Ministry of Agriculture and 

Forestry 
Republic of Turkey Ministry of Environment and Urban  
General Directorate of State Hydraulic Works 

 

Engineering, ecological studies in river basins reflect global efforts to 
make river basin management more sustainable. In recent years, various 
management frameworks such as Integrated River Basin Management 
(IRBM) have been developed (Muhar et al. 2018). 

River Restoration in United State 

River Restoration in United State (US) started in 1933 with Tennessee 
River and continued 1969 with Cuyahoga River. The major works to protect 
and improve freshwater systems were driven by the 1972 “Clean Water Act”. 
The aim of the Act was, is "to restore and maintain the chemical, physical, 
and biological integrity of the nation’s waters". The law provides a 
mechanism to establish water quality standards in all kinds of conservation 
work of the waters to be restored in individual states (UNESCO 2016). 

Restoration works are generally carried out to improve and develop 
natural resources. These studies are generally carried out across the basin 
scale and spread throughout the basin; for example, includes both riparian 
and wetlands activities reconnecting floodplains and adding habitat 
structures to streams. It is made that over $1 billion is spent yearly on various 
aquatic habitat rehabilitation activities in small catchments in US (Bernhardt 
et al. 2005). 

Naiman (2013) identifies four stage in the carrying out of river 
conservation and restoration in the US; Stage1: “a ‘discovery’ stage a period of 
exploration and understanding of how rivers function”, Stage2: “a 
‘conservation’ stage, characterized by efforts to protect species and places”, 
Stage3: “a ‘restoration’ stage, aimed at re-establishing environmental 
functions and conditions”, Stage4: “an ‘effective integration of actions’ stage, 
where conservation and restoration measures are better integrated”. 
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River Restoration in Europe 

Rivers, streams, lakes and wetlands are protected under the EU Water 
Framework Directive. This law is crucial to ensure that Europe’s freshwater 
ecosystems are protected and brought back to good (URL3). The EU Water 
Directives related advocate for the protection and restoration of rivers, lakes, 
groundwater bodies and riverine wetlands. No other piece of environmental 
legislation is better equipped than the Water Framework Directive (WFD) to 
accomplish sustainable and integrated river management. There is 
demonstrable impact of the WFD in terms of water quality improvement, 
mainly at local scale (Wetlands International 2019). The WFD brings a new 
perspective to the protection of aquatic environment and restoration as an 
important issue for water policies (Muhar et al. 2018). The WFD, quality 
targets for ecological, hydrological, biological and chemical properties have 
been determined for all water bodies Hamed et al. 2017). The water resources 
must be restored to "good ecological status" by restoring the water resources 
by 2027 at the latest in Europe (European Commission 2007). "Good 
ecological condition" is assessed on the quality of the biological, hydrological 
and chemical properties of the water body (UNESCO 2016). The WFD 
combined with other EU Directives for the conservation of nature and 
biodiversity such as the Birds Directive (2009), the Habitats Directive (1992) 
and the Floods Directive (2007) provide a legal basis to implement 
comprehensive, interdisciplinary basin-wide restoration programs (Roni and 
Beechie 2013). EU member states are obliged to ensure that the condition of 
the water bodies reaches the level of "good ecological status" and, where 
necessary, to prepare the river basin management plans by providing repair 
activities. According to the analysis by the European Environment Agency, 
river basin management plans have shown that less than half of the surface 
water bodies in the EU will achieve "good ecological status" by 2015.  

The Water Framework Directive has made important enterprise to 
improve the ecological status of rivers (Smith et al. 2014). For example, the 
Rhine River has been used to transport goods and goods for centuries and 
has been one of the most important transportation channels in Europe. 
Arrangements for this area include constructing dams, weirs, sluices, dikes; 
and closing estuarine river mouths. In 1963, the states on the Rhine River 
developed the International Commission for the Protection of the Rhine 
(ICPR) contract to prevent water quality deterioration. ICPR and other 
stakeholders in the basin have been successful in urban wastewater 



266 
 

management and the water quality of the Rhine River has changed 
significantly. Especially the adoption of new integrated policies for the last 
15 years has led to a significant restoration of the Rhine River (UNESCO 
2016). 

In Europe, the percentage of significantly damaged rivers has decrease 
from 24% by the late 1970s to 6% by the 1990s (Kraemer 2001). European 
stream and wetlands restoration efforts largely began in the 1980s and 
increased dramatically during the 1990s. Floodplain restoration and re-
meandering of rivers was largely developed in Europe. 

River Restoration in France 

The aim of river restoration in France is aimed at restoring the natural 
state and functioning of the rivers. Recognition of this degradation was one 
of the factors leading to the implementation of the WFD in 2000, which has 
set out on the make objectives for the ecological status, and continuity of 
rivers. Hydromorphological conditions need to be improved to recreate the 
natural ecological process of rivers. However, with the WFD, "good 
ecological status" needs to be achieved and biodiversity reconstructed. The 
deterioration of the ecological continuity of the rivers makes it difficult to 
reach WFD targets. That is why French and EU regulations (WFD, Water law, 
Grenelle Environmental Law, National Restoration Plan) make mandatory to 
restore the ecological continuity of aquatic environments. It requires all 
stakeholders to increase their work and projects on restoration. The French 
national river restoration center and The French Agency for Biodiversity 
(AFB) is group of public bodies related to river restoration. The French 
Agency for Biodiversity (AFB) is an institution that contributes to the 
protection of habitats and species by providing “good ecological status” of 
rivers or wetlands, and develops projects on the restoration of these areas 
(URL3). 

River Restoration in Spain 

The Water Framework Directive is one of the most important guidelines 
and policies for river and wetland restoration in the country. The Spanish 
Ministry of Environment launched a National River Restoration strategy in 
2006 to meet the provisions of the WFD. One of the most important goals of 
the strategy is the establishment of principles and procedures at the national 
level. For this reason, it is stated that in the implementation of WFD, river 
basin management plans are created and the WFD should be included in 
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these plans and the restoration measures and policies should be defined 
(UNESCO 2016). 

River Restoration in Germany 

In Germany, there are environmental policies (reduction of flood risk, 
water pollution, etc.) related to river repair, such as other European countries. 
German approaches are normally which emphasize human needs and 
usages. Ecosystem management differs among many countries. Therefore, 
the establishment of ecological planning strategies also supports the 
importance of the design and management of urban green space (Hamed 
2017). The rivers in Germany for many years, such as sewage, deepening, 
flood drainage and flattening rivers are exposed to many problems. The main 
purpose of the restoration works is to restore the hydromorphological 
conditions while also aiming to increase the aesthetic value of the rivers 
(URL4). 

River Restoration in Australia 

Australian rivers are cleaned in terms of industrial and water pollution 
compared to rivers of other European, ABP and Asian countries. In Australia, 
many pollution and stream deterioration (freshwater decay, vegetation 
clearing and basin destruction resulting from this) have been linked to 
agricultural activities. The most important basin in terms of agricultural 
production in the 1980s and 1990s is the Murrey-Darling basin. Agricultural 
pollution rate in this area is quite high. River restoration work in Australia 
has focused especially on the regulation of river flows and reduction of 
pollution in the Murray Darling basin. Billions of dollars are invested to clean 
and repair these basins (UNESCO 2016). 

River Restoration in South Korea 

The river ecosystems in South Korea have changed completely due to the 
increasing industrialization and urbanization since the 1960s (Woo and Choi 
2013). The river administration in South Korea has gone through many stages 
since the beginning of major urbanization and industrialization in the 1960s. 
These stages are; “managing ‘natural’ rivers, managing rivers to control 
disasters such as floods and droughts, ‘occupied rivers’, restorative phase 
involving altering rivers to improve their amenity values rivers, ‘restoration 
phase’ aimed at improving ecological values” (Woo 2010). 
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River Restoration in China 

China is a country that is constantly flooded and drought exposed. As 
part of the Chinese river restoration, especially early river management 
focused on engineering-based flood prevention and water supply, concreting 
river channels and the construction of dams and sluices. These measures 
helped protect against floods and increased water supply (UNESCO 2016). 
Today, river restoration programs; In terms of landscape ecology, it aims to 
improve the basic elements and functions of river ecosystems such as river 
management, water pollution control and improvement of water quality. The 
objectives of river restoration projects in China vary with location. Generally, 
it is aimed to create of healthy rivers. Especially in the southern regions, It is 
aimed to improve water quality and reduce water pollution. In China, 
different restoration techniques are applied in different basins according to 
the ecological structure of the basin. For large river basins, river restoration 
methods are implemented, which support the study of the balance of the 
river dynamics of the basin, ensuring its ecological protection and creating a 
balance between socio-economic development. In 2015, the China Water 
Resources Ministry issued guidelines for river restoration planning. 
Guidelines created specifically for aquatic ecological conservation and 
restoration planning, current status assessment, general planning for river 
restoration, ensuring minimum environmental water requirements, 
maintaining and improving water quality, conservation and restoration of 
river/lake landscape, conservation of important habitats and biodiversity, 
important regions protection and ecological monitoring of rivers and lakes. 
(GIWP 2013). As the most important part of the river restoration process, two 
important trends stand out in China's river restoration efforts: (i) “transition 
from topic-specific restoration to integrated solutions to further restore river 
ecosystems”, (ii) “integration of river restoration into broader river 
management plans” (UNESCO 2016). 

River Restoration in Japan 

River restoration work in Japan has been increasing rapidly since the 
early 1990s. Most restoration projects have been carried out in environmental 
conditions where human use is intense, such as urban and suburban areas. 
Japan has a tradition of using the natural resources of rivers and wetlands. 
1990 constitutes a turning point in river management in Japan. The 'Nature 
Focused River Works' initiative was launched. The purpose of this initiative 
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is to protect and restore river corridors and rich biodiversity. Between 1990 
and 2004, more than 23,000 'Nature Focused River Works' projects were 
carried out across Japan. The River Law, amended in 1997, forms the basis of 
current river management. Rivers are classified as A, B, Secondary and 
Regular Rivers according to their importance. In particular, the Law on 
Promoting Nature Restoration (2003) requires a solid scientific basis for 
restoration projects and promoted numerous restoration projects across the 
country (Nakamura 2008). 

River Restoration in Turkey 

Turkey has been increasing emphasis on water resources in recent years. 
With the Water Framework Directive, issues such as planning, repairing, 
managing and protecting the rivers have become very important. With the 
WFD, European River Basin Management Plans were completed in 2009 and 
started to be implemented. River basin management plans are generally; 
characterization of river basin, important pressures and effects of human 
activities, determination of protected areas, environmental monitoring, 
economic analysis, public information, etc. covers subjects. Turkey in this 
process requires the creation of River Basin Management Plan for each river 
basin covered by the WFD. Turkey also has 25 river basins. As of 2019, the 
works on the conversion of the Basin Protection Action Plans prepared for 4 
river basins (Meriç-Ergene, Susurluk, Konya and Büyük Menderes) to River 
Basin Management Plans in line with the WFD have been completed. Turkey 
in the field of water management; State institutions such as T.C. Ministry of 
Agriculture and Forestry, Ministry of Environment and Urbanization, 
Ministry of Tourism, State Planning Organization, Secretariat General for EU 
Affairs, municipalities, non-governmental organizations and universities are 
working. These studies generally include water pollution, water 
management, environmental protection, flood protection. In particular, the 
Ministry of Agriculture and Forestry takes responsibility for water quality 
(determination of policies, water quality standards, monitoring, etc.) and 
water quality management of the General Directorate State Hydraulic Works 
(SHW-DSI) under the Ministry. SHW is involved in studies such as 
reclamation and flood protection in the repair of streams and streams. 

CONCLUSIONS 

Effective planning, design, and implementation of river restoration 
efforts each require an understanding of how watershed processes drive the 
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structure and functions of riverine ecosystems and those processes support a 
wide variety of ecosystem services (Roni and Beechie 2013). In river 
restoration studies, the existing ecosystem condition should be characterized 
first, stress factors should be defined and then priorities should be 
determined among these stress factors (NRCS 2008). While restoration of 
processes and habitats is critical to ecosystem recovery, correcting ecosystem 
degradation that results from lack of key species, introduction of nonnative 
species, or poor water quality is also critical to ecosystem recovery (Karr 
1999). However, restoration work is increasing more and more to improve 
other functions or services, such as an assessment of cultural ecosystem 
services that provide access to rivers and surroundings for recreational use 
and tourism and increase the attractiveness of these areas (Munhar 2018). The 
success of river restoration projects can be successful with the integration and 
correct implementation of all targets with the decisions and actions taken for 
the basin (Diaz 2014). Due to the river connection, it has the potential to affect 
the entire basin, because the streams of water and sediment occur 
longitudinally, transversely and vertically. Also, river restoration work that 
cannot look at watershed planning on a large scale tends to be unsustainable 
because the effect of basin sediment on downstream access is often 
overlooked. Understanding the basin processes of a river system, such as 
hydrology and morphology, will enable better estimation of both upstream 
and downstream effects of the restoration work (Clarke et al. 2003). 

The importance of the repair works of rivers and wetlands in the world 
began to increase in the 1980s and many countries have developed different 
conservation efforts. In the US, conservation studies focused on conservation 
of habitats and the restoration of damaged areas of the basins into nature. The 
river restoration work in European countries has gained considerable 
importance especially in the Water Framework Directive and international 
doctrines. In these countries, studies on the landscape restoration and flood 
protection activities of the river and its surroundings have been carried out 
and an integrated watershed planning approach has been developed. Asian 
countries (Japan, China, North Korea, etc.) have carried out important studies 
on landscape restoration works of rivers and wetlands. In 2006, the Asian 
River Restoration Network (ANRA) was established and established 
important projects by providing inter-institutional cooperation by producing 
policies and projects on river landscaping. 

In Turkey associated with rivers and wetlands of Agriculture and 
Forestry Ministry and the State Hydraulic Works institutes are in operation. 
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Studies on the establishment of River Basin Management Plans have been 
initiated for each watershed that has made important decisions in the process 
of harmonization with the Water Framework Directive decisions. However, 
it is shared by water management authorities and many organizations that 
river basin boundaries do not coincide with administrative boundaries. This 
condition may lead to a lack of coordination between relevant institutions 
and organizations. Within the scope of repair projects, it is generally aimed 
to improve and developed the amount and quality of water resources of river 
and wetlands. Particularly, SHW under the scope of the repair works focuses 
on stream improvement and flood protection studies. In the vicinity of the 
river, there is not enough study on landscape repair. For this reason, healthy 
river ecosystem studies cannot be created. Successful repairs in these areas 
depend on the sustainability of the ecosystems of the area. 

As a result, prior to landscape repairs, the effective use of rivers and 
wetlands with sustainable land use decisions should be preferred. As in most 
developed and developing countries, ignoring environmental externalities 
causes permanent problems in rivers and wetlands. This necessitates that 
countries / human beings manage water resources with more effective 
policies and develop methods of repair in problem areas in the second half of 
the 21st century, where water scarcity will be on the agenda. 
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INTRODUCTION 

Timber is the oldest construction material known to man and has been 
used for centuries, but during the last few decades use of timber has been 
limited and our environment dominated by hardness and functionality of 
man-made construction materials (Nayim 1995). 

Today, modern people prefer a softer and warmer texture to the 
environment and are returning to the traditional qualities of wood. People 
are not happy a living in areas with vandalised street architecture, hard and 
uninviting city centres, and a threatening and cold environment. People like 
wood and want to see it in their environment may be because it is a natural 
material. Timber has many advantages so it is increasingly used by its 
enthusiasts (Nayim 1995).  

As an engineering and construction medium, timber is almost 
unsurpassed by any other materials because it is light, strong, easily worked 
and infinitely versatile, and it also offers a range of functional qualities and 
inherent beauty. Timber also provides attractive detailing as well as a 
functional purpose. It offers excellent combinations for a designer or an 
architect.  

This chapter has been prepared in order to introduce properties of timber 
as a natural design construction material in landscape design. The subject of 
timber has been fully explored, from explanation of its nature and anatomy 
to an overview of its possible end uses on site. 

The aim of preparing such a chapter is to stress the importance of timber 
and also to state its potential as a natural construction material especially for 
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landscape design. 

 THE ANATOMY OF TIMBER 

Woody plants can be divided into two categories as the cone bearing 
(Gymnospermae) such as pines, spruces, cedars etc. and the flower bearing 
(Angiospermae) which include trees such as oaks, cherries, willows etc. 

Timber is sawn wood, a material obtained from trees. Wood occurs in all 
parts of the trees, its roots, main stem and branches, but timber as a 
construction material or commercial timber almost invariably comes from the 
main stem. Branch and root woods are almost only used for fibre products as 
well as for the traditional use of fuel.  

Commercial and vernacular timbers are classed into two groups as 
softwood and hardwood. Softwoods are from coniferous trees that belong to 
Gymnospermae and bear needles. Hardwoods are from broad-leaved trees 
most of which are deciduous except some of trees that are evergreens such as 
holly, certain oaks and some tropical trees. Softwoods and hardwoods mean 
that the wood of coniferous trees are generally softer than woods of the 
broad-leaved trees. For example, timber of spruces and pines can be easily 
cut and nailed, while timbers of broad-leaved trees are harder and heavier. 
But hardwood and softwood terms do not always relate to hardness. 
Softwoods are not all soft, some of them are very hard, strong and durable 
such as yew and longleaf pine. Balsa, on the other hand, is classed as a 
hardwood but is very soft.  

Certain part of a piece of log can be defined as below: 
Annual Rings 
As shown in Figure 1, on a cross section through a log of a tree, circular 

rings can be easily seen. Each of these shows the amount of growth in girth 
during one growing season. Certain part of the world, such as in Europe this 
the yearly period of active growth is from when the trees bear leaves to when 
they lose their leaves. This period is also called vegetation period. Growth rings 
are called annual rings as vegetation period generally takes one year. 

Earlywood and Latewood 
Each annual ring has two layers. The inner layer is called earlywood or 

springwood which is developed during the first part of the growing season 
and tends to have a more open texture and usually lighter in colour than 
outer part. The outer part layer is called latewood or summerwood which is 
heavier, stronger and denser than earlywood (Figure 1). 
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Sapwood and Heartwood 
When the logs of certain trees such as pine, oak are cut, a belt of pale 

coloured wood beneath the bark surrounding the darker core can be seen. 
The paler outer part is called sapwood which consists of living cells in which 
nutrients are stored. The darker coloured central part is called heartwood and 
it normally does not contain living cells. Sapwood is much more permeable 
to liquids and is more susceptible to insect infestation and decay than 
heartwood. However, if the material is to be treated, sapwood is preferable 
because it can absorb more preservative materials (Figure 1). 

Rays 
There are many faint lines which run out radially towards the bark on a 

radial section of a log. A few start at the pith of the tree while others begin at 
various points further out. These lines are called rays and serve two purposes; 
they provide storage space for the starch during the summer and they are 
channels for horizontal transport of the sap (Figure 1). 

Figure 1: A diagrammatic explanation of the tree (above) (Everett, 1994) and 
longitudinal, radial and tangential sections of a piece of log (below) (Findlay, 
1975). 

 



280 
 

PROPERTIES OF TIMBER 

Timber is a natural material which is used as a construction medium. 
Before selecting a particular species of timber material to use, it is necessary 
to be aware of all its properties. Some of these properties are neither 
necessarily good nor bad, but still need to be considered in each context for 
the most suitable selection. Other properties may be more clear cut as assets 
or weaknesses.  

General Properties of Timber 

Moisture Content 
 

There is a considerable amount of water within cells of wood. Moisture 
content is expressed as the weight of water in timber as a percentage of the 
dry wood (Everett, 1994). Thus: 

Moisture Content per cent = Weight - Dry Weight
Dry Weight

×100  

When timber is in service, its moisture content is particularly important 
because of decay risk. Natural durability and preservative treatments should 
be considered only as extra protection. It is much more important to control 
the moisture content of timber to keep it where possible below the decay 
threshold level, of about 22%. Timber takes up and loses moisture more 
quickly from end-grain than side-grain, which is important when detailing 
for protection from the weather, or to facilitate the drying-out of timber 
which has become wet.  

Although the high moisture content of timber increases the risk of decay, 
it may be a desirable property in the event of the fire. Such a quality may help 
to resist the spread of fire by the absorption of some heat and the delay of 
ignition. 

 

Density 
 

It can be defined criterion of the mass of a unit volume of that material. 
The density of the wood is expressed in Imperial measures as the weight in 
pounds of a cubic foot of timber. In metric system it is expressed as kilograms 
in per cubic metre. The density of wood depends both on the species and on 
the moisture content of the individual piece.  

Grain also mostly refers to the density of wood growth. The wood from 
trees of rapid growth has wide annual rings and is called coarse-grained. 
Annual rings that are close together and narrow are called close-grained. 
Coarse-grained woods accept stains and other preservatives and hold paints 



281 
 

much more than close grained woods. Woods may roughly be grouped into 
five classes on the basis of densities as listed Table 1: 

Table 1: Classes of density of wood (Findlay, 1975). 
Class kg/m3 lb./cu ft Examples 
Very light 80-240 5-15 Balsa 
Light 400-560 25-35 Spruce 
Medium 560-720 35-45 Ash 
Heavy 720-960 45-60 Jarrah 
Very heavy Over 960 Over 60 Lignum vitae 

 

Colour of Wood 
 

The colour of wood is often pale in colour, generally cream or light bluff 
though almost white in some woods. The heartwood is distinguished with its 
much darker colour. In many conifers, such as Douglas fir for example, it has 
a reddish brown colour. This dark colour is generally due to stored 
substances, such as tannin, in dead cells of heartwood. The substances also 
give resistance to timber against decay. Sometimes colour develops 
irregularly giving rise to stripes and bands of a darker shade which may 
considerably enhance the beauty of the wood. Colour in timber are varied 
depending on species.  

Assets of Timber 

Natural Durability (Insect and Decay Resistance) 
 

A wide range of insect varieties, such as termites, furniture beetles, often 
degrade wood. Generally, insect infestation increase in cool and damp 
conditions which provide a suitable habitat for the insect’s larvae which 
cause damage to the wood. Existing fungal decay is often conductive to 
infestation. 

Some softwood species are inherently resistant to attack from insect and 
fungi. The heartwood of any wood species is more resistant than its sapwood 
because of having stored substances in the its dead cells. Maximum resistance 
to attack from insect and fungi, without chemical preservation, can be 
achieved by specifying all heartwood lumber from a resistant species like 
California redwood (Sequoia sempervirens) or bald cypress (Taxodium 
distichum). Termite-resistance wood species include redwood, bald cypress 
and eastern red cedar. 

The balance between durability and decay risk depend on the desired 
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service life of the component and the resources available for maintenance or 
replacement. 

Many species of timber have an inherent ability to resist biological 
degradation, usually fungal decay, which causes the majority of failures of 
timber in service. All species are not alike in their susceptibility or resistance 
to decay; some deteriorate. 

The classification of durability (durability ratings) applies only to the 
heartwood of that species. The sapwood of all species is not durable and 
should be excluded unless treated with preservatives. 

In order to classify timber in respect of durability the Princes Risbourgh 
Research Laboratory places 50.8 x 50.8 x 609.6 mm heartwood specimens in 
soil leaving 228.6 mm above the ground and record their lives. Durability 
classifications of heartwoods of commonly used species are shown on the 
Table 2.  
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Table 2: Durability Classifications of Hardwoods (Everett, 1994). 
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Strength 
Strength is equality or degree of being strong or powerful. The ability of 

a wood member to resist loading depends on the inherent strength of the 
wood species, its structure, and cross-sectional dimensions of the member. 
Generally, strength increases with high density but reduces as moisture 
content rises. The inherent strength of the wood can be expressed in different 
ways as classified below: 

Tensile strength is the ability of the wood member to resist loads which 
are stretching the wood member. This sort of load typically refers to stresses 
imposed parallel to the grain, is called tension or tensile. When the grain is at 
an angle or the piece of wood contains knots, splits, checks, tensile strength 
is substantially reduced. Tensile strength is necessary for timbers that are to 
be bent into curved shapes after steaming. 

Compressive strength is the ability of a wood member to resist loads which 
are crushing the wood member. Compressive strengths parallel to the grain 
are 2 to 5 times greater than compressive strengths perpendicular to the grain. 

Although wood is strongest when the loads or stresses are parallel to the 
grain rather than perpendicular to the grain, whether in tension or in 
compression, it is not always possible to design with the loads parallel to the 
grain. 

When wood fails or slippage occurs among the wood fibers, the result 
action is called shear (TRADA, 1987). Shear strength refers to the ability of 
wood fibres to resist loads which are bending or shearing the wood member 
either parallel to the grain or particularly perpendicular to the grain. 

Stiffness is the ability of a wood member to resist bending. It is an 
important property especially in joists and is a critical property in relative 
strength of a column. 

Modulus of elasticity is a measure of stiffness in a wood member and refers 
to the ability of the member to resist deflection. 

Cleavability or resistance to splitting is a desirable property in packing 
case timber which have to be nailed, but on the other hand it is a disadvantage 
if the wood needs to cleave, for instance, in making shingle roofing or pales 
for fencing. 

WEAKNESSES OF TIMBER 

Structural Weaknesses (Checks, Shakes and Knots) 
A check is a longitudinal crack of wood across annual rings. A shake is a 

crack along the grain between the annual rings. A knot is a hard mass which 
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forms in wood at the place where there is a joint between a tree and branch. 
Knots always affect the strength of wood because the grain deviates from its 
regular direction, to pass around them. In addition, checking generally 
results in and around knots as the piece loses moisture. 

 

Wear and Tear 
 

Because of many factors, timber landscape elements are always subject 
to wear and tear. Generally, these factors are people and animals. Normally 
animals directly affect fencing. Some of the animals may chew on fence rails. 
It is known as cribbing. Metal or plastic sheathing can be used for protecting 
timber elements. And also, a dense hardwood can be used more than 
softwood, where the timber materials are subject to danger. 

 

Vandalism 
 

Vandalism is always a problem. Softwoods are generally easier to 
damage than hardwoods. Therefore, vandalism is very much affected by the 
choice of species, as well as good design and detailing. Correct jointing, 
detailing and good fixing are very important to minimise damages. When 
more substantial sections and stronger hardwoods are used together with a 
choice of straps, the incidence of damages are greatly reduce. Concealment 
of fixings, for instance on the underside of a fence or on the inner part of a 
fence also aids vandal resistance. 

 

Fire 
 

When the timber is heated, it can ignite at about 220-300 0C although 
some heat is absorbed by moisture. Timber is a combustible material but is 
not easily ignited. 

Some of the inorganic materials such as concrete, brick, steel etc. are 
classed as incombustible materials, but none of these materials is entirely fire-
proof or unaffected by temperatures during the fire. Some incombustible 
materials are subject to unexpected failures due to high temperatures: steel 
loses half of its strength at about 500 0C; concrete can disintegrate under the 
effects of heat; some natural stones even shatter. 

On the other hand, timber has very special characteristics. It has very low 
heat conductivity, due to its cellular structure, timber resist the spread of fire 
to some extent. Its likely failure is entirely related to the distance the fire has 
eaten through the timber, and the unaffected timber inside the section with 
remain strong and not collapse due to the effect of the heat as would metal 
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member. In a word, timber will not be subject to dramatic failure in the event 
of fire (Beckett and Marsh, 1974). 

Insect Attack 

Most of the insect infestation to timber in temperate countries is caused 
by the larvae groups of wood-boring beetles that are generally called wood-
worms.  

“Beetles that cause damage to timber may conveniently be grouped into four 
classes thus: 

• Those that attack standing trees - mainly longhorn beetles, (Cerambicidae), 
• Those that attack freshly felled logs - the pinhole borers, (Scolydae, 

Platypodidae), 
• Those that attack seasoned and partly seasoned logs and sawn timber in 

storage - such as powder-post beetles, (Bostrychidae and Lyctidae), 
• Those that attack timber in buildings and furniture - furniture beetles 

(Anabiidae)” (Findlay, 1975). 
Typical wood-destroying beetles are insects that undergo a complete 

metamorphosis during their life time. A beetle has four metamorphosis 
stages: egg, larvae, pupa and winged insect (mature beetle). Wood-boring 
beetles are often small, inconspicuous and brown insects. Generally, the 
larvae of insects cause the most damage to the timber in all life stages. The 
larvae of the insects attack the wood, continuously boring its way through it 
during this stage in its developments, feeding on the starch it contains and 
leaving behind a network of tunnels. 

Insect infestation is generally encouraged by cool, and damp conditions 
which create congenial environment for the larvae, often the presence of 
fungal decay is conductive to infestation. 

Most of the beetles attack the sapwood of hardwoods which have a high 
starch content and large pores in which the female can deposit her eggs. 

Preventative Treatments 

It is possible to protect timber against future infestation by all wood-
boring insects. There are certain ways to prevent insect attack: 

• Treatment of susceptible sapwood with a wood preservative. This is 
done by impregnating the wood, either under pressure or by immersion, with 
a insecticide before it is assembled or built into the structure. The insecticide 
produces a toxic layer of timber on the outside of the wood, which either kills 
the eggs that beetles lay when they emerge from the timber, or the larvae 



287 
 

tunnelling near the surface by ingestion. 
• For the preservative treatments two processes are available. These are 

either vacuum-pressure impregnation with copper, chromium and arsenic 
salts, or diffusion with boron salts (See preservative treatment).                                                                                                                                                                                                                                                                                               

• Removal of source of infection - e.g. old furniture in roof space.                                   
• Regular polishing of floors and furniture (Findlay, 1975). 

Fungal Attack and Decay 

Fungus is a simple fast-growing plant without flowers, leaves, or green 
colouring which may either be in a large form, with a fleshy stem supporting 
a broad rounded top (mushrooms, toadstools etc.), or in a very small form, 
with a powderlike appearance (mildew, mould etc.). 

Fungal attack is a very serious problem for wooden materials. Wood-
destroying fungi only attack timber when its moisture content is above 22%. 
In addition other conditions for growth of fungi are suitable foods such as 
timber; a suitable temperature, the optimum temperature is 23 0C; and 
oxygen. 

The fungi that attack living plants are called parasites and those that grow 
only on dead remains are known as saprophytes. The saprophytes are the 
variety with which the timber user should be mostly concerned. These fungi 
live on fallen logs and branches and attack timber in storage and also when 
used in construction if these are not protected by preservatives or paint 
(Beckett and Marsh, 1974). 

The most harmful fungi, destructive fungi, have characteristic features 
and effects, but in general wood is often discoloured and shows softening 
and serious loss of strength even where the fungus is at the incipient stage of 
the growth. Shrinkage may be apparent as waviness in painted surface and 
later as cracking. Decayed timber loses weight and is very absorptive and 
ignites more readily. 

The decay risk for any timber component is related to two main factors: 
exposure conditions and durability of timber. 

Timber is particularly at risk where it is contact with the ground, at or 
below damp proof course level, built into brickwork or embedded in 
concrete, in unventilated situations. 
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TIMBER PRODUCTS 

Traditional Sawn Timber 
Untreated timber has been used for centuries. Today, timber is also used 

in some situations as a construction material without treatment for achieving 
a natural appearance.  

Use of untreated timber may depend on its source and the opportunity 
for preservation. It is more often used in countries which have rich timber 
sources and poor preservation techniques rather than other countries which 
have poor sources but much opportunity for preservation. 

The whole log is rarely used, as a log or pole, and is normally sawn to 
size for use. Logs can be sawn up into boards or planks in either the tangential 
or the radial direction. There are different methods used in sawing logs. The 
simplest way is to saw the log straight through from one side to the other to 
obtain a number of tangentially cut boards. Boards created by this method 
are called plain or flat sawn. 

Another method is to saw up the log so that every board is cut more or 
less in a radial direction. Boards cut in this way are called quarter sawn 
(Findlay, 1975). 

Developed Timber Products for Construction  

Plywood 
Plywood can be defined as a product of balanced construction made up 

of plies assembled by gluing, the main characteristic being the crossing of the 
grain in alternate plies to improve the strength properties and to minimise 
movement in the plane of the board. 

Plywood is manufactured for both indoor and outdoor applications and 
is typically available in 4 x 5 ft sheets. Thin plywood is generally made from 
three veneers. Multi-ply boards have an uneven number of plies so that the 
grain on the face and on the back always run in the same direction. 

Plywood panels are manufactured from a variety of wood species and 
can be made up with more than one kind of wood. The wood commonly used 
in plywood are gaboon and Douglas fir of which gaboon requires filling but 
is an easier wood to paint. Makore, sapele and utile are also easy to paint. 
Other woods include beech, birch, poplar and walnut. 

Plies of plywood are not always equal thickness and the inner ply, or 
plies, can be of lower strength than those on each side. The strength and 
moisture movement properties of the plies on each side of the centre must be 
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balanced, from which it follows that there must always be an odd number of 
plies. 

Plywood is chosen in place of solid timber when dimensional stability, 
rigidity, and good resistance to splitting and checking are particularly 
important. Plywood is difficult to split and can be nailed or screwed close to 
the edges. It is stronger and stiffer than solid timber and used for structural 
purposes such as, flooring, including stressed skin units. Over a quarter of 
the total consumption of plywood is used for joinery and furniture, and it is 
also particularly suitable for containers where its low weight and stiffness 
give it distinct advantages over metal. 

Plywood can be impregnated with standard wood preservatives or fire 
retardant solutions after manufacture, or the veneers can be treated with a 
water-borne wood preservative before gluing and assembling. 

Properties of plywood that are important to construction include 
durability, bending strength and stiffness, and shear resistance. 

The major uses of plywood are crates and packages, vehicle body parts, 
marine fittings, construction industries, farm buildings and equipment, 
concrete formwork applications, industrial flooring and shop and exhibition 
fittings. 

Grading of plywood is done according to the appearance and finish of 
the exposed faces, but the grading rules generally apply only to a product 
made in the particular country of origin. Construction plywood is used in 
exterior applications. It is manufactured generally from softwoods. 
Decorative construction and industrial hardwood is a type of plywood used 
in interior applications only (Harris and Dines, 1988). 

Core Plywoods 

The main derivates from plywood are blockboard, laminboard and 
battenboard. These products are made by applying veneers to a core made 
up from solid timber core blocks. Following assembly of the core, application 
of the face veneers and other finishing operations are carried out in a similar 
way to the plywood manufacturing process. 

The core of blockboard consist of strips of solid timber between 7 mm. and 
30 mm. wide glued together side by side. Blockboards are available in sizes 
up to 1.65 x 3.65 m. 

Laminboard is similar to the blockboard but the core strips are thinner and 
up to 7 mm. wide, and unlike some blockboards, they are continuously glued. 

Battenboard, which has a core of strips more than 30 mm. wide. 
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Commonly, one or two veneers are applied to each face, with the veneer 
grain direction perpendicular to the direction of the core strips. These 
materials, like plywood, are often faced with veneer of magony or other 
decorative hardwood. They offer strong rigid sheet material which is very 
suitable for doors, counter and table tops and shop fittings. 

Particle Boards 

Particle boards include all panel material manufactured under pressure 
from particles of wood, such as wood chips or sawdust, with or without the 
addition of an adhesive. 

The common form is chipboard which is made by binding wood shaving 
or chips under high pressure with a small amount of an urea formaldehyde 
adhesive. 

 “ In platen press production there are three basic methods of laying up the chips 
for pressing. 

Single layer. The distribution of chips is random, giving consistent density 
throughout the thickness of the board. 

Multiple layers. Graded chips are deposited in layers, normally fine chip surfaces 
with larger chips in the core to give varied density through the thickness. A three-
layer system is the most common. 

Graded density. The method of distributing the upgraded chips give a smooth, 
unlayered transition from fine surface chips to coarse core chips.” (TRADA, 1985). 

Unlike solid timber or plywood, chipboard does not present a woody 
appearance. Faces vary from fine particles to larger chips. The view on the 
edge is also not attractive not suprisingly, therefore, chipboard is sometimes 
left in its manufactured state when used in decorative application. However, 
it makes an excellent substrate for a variety of finishes. 

Chipboards are generally less strong and less stiff than plywoods 
because of their shorter fibre length, but, like plywoods, have good strength 
in flat plate bending and in panel shear. 

In the pass softwoods have been the main source of raw material for 
chipboard manufacture, but after recent research has shown that satisfactory 
board can be made from hardwoods such as khaya, oak and beech and from 
mixtures of hardwood and softwood. 

Chipboard is increasingly used in furniture industry and domesting 
flooring market. 
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Fibre Building Board 

Fibre boards are manufactured from wood by a process that is basically 
similar to that employed in making paper or cardboard. There are three main 
types are made: Hardboard, mediumboard and softboard (or insulating 
board). 

Hardboard include standard and tempered hardboards. The front face 
of hardboard is extremely smooth, with a fine mesh pattern on the reverse. 
Duo-faced (i.e. smooth on both faces) hardboards are also available. The face 
is homogenous and does not show any distinct signs of its timber origin. The 
colour ranges from light gold to dark brown for standard hardboards and 
dark brown to near black for the tempered hardboard varieties. 

Standard and tempered hardboards include duo-faced, sealed, primed, 
pre-painted, surface laminated (include melamine, PVC, paper/metal foils 
and fabrics), moulded, embossed and perforated boards. 

Thickness of hardboard range from 1.3 mm. to 12.7 mm., but the most 
popular thickness are in the range 2.0 mm. to 6.4 mm. 

Standard hardboards are used in variety of interior applications such as 
wall and ceiling linings, panelling, partitioning, joinery, furniture, caravan 
interiors, underlays for floor coverings, flush doors, shop fittings and 
exhibition works. Tempered hardboard has a drying oil incorparated in it 
during manufacture. So, tempered hardboards are mainly used where both 
high strength and resistance to moisture are required. They can be used for 
internal and external wall linings, claddings, concrete shuttering, soffits and 
fascias. 

For producing hardboard, the material of hardboard, which is mainly 
forest thinnings, is chipped down mechanically and is screened prior to 
reducing the chips to fibres. 

Medium boards are subdivided into two categories (Newton, 1985). 
LM - Low density medium boards. Of lower density with colours grey 

to light brown and having a smooth velvety surface. 
HM - High density medium boards (or panel boards) which are of higher 

density than the LM variety and resemble standard hardboard insurface 
appearance. HM is used for partitions and wall linings. 

Softboard is low density sheet material usually used for insulation 
purpose. Its colour range from cream to mid-brown. They are also available 
in either in-decorated or bitumen-impregnated forms. They are used for 
lining walls, ceilings and roofs to prevent heat loss (some are made from 
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cellulosic materials other than wood such as sugar cane baggase). 

Laminated Products 

Laminated timbers are made by gluing together boards of seasoned 
timber with the grain running parallel in each layer. By this way very large 
cross-section and great length can be built up, and the weakening influence 
of features such as knots is dispersed. A glued-laminated member can have 
a straight or curved profile or can be made with a variable section to suit the 
fabrication of tapering beams or portal frames. Since members are factory 
produced, a high standard of quality, accuracy and finish can be achieved. 
Because any size of member can be produced, transport and manufacturing 
facilities are the practical limiting factors. Section sizes range from 75 mm. x 
150 mm. upwards and large members measuring over 500 mm. x 2 metres 
and spanning approximately 30 metres, have been made (Newton, 1985). 

Lamination has made possible a whole new technology of timber 
engineering. So-called glulam construction permits the engineer to design 
shapes and sizes that can not be achieved by using solid timber, and many of 
these structures with their graceful curves are aesthetically very pleasing. 

Many sports stadia, churches, assembly halls, and such structures as 
bridges that require wide unsupported spans have been built with glulam 
construction. Laminated timbers are also suitable in for situations in which 
severe corrosion of metals is likely to occur, as in certain chemical factories 
and dye works.  

Glued-laminated members are stronger than lumber due to their 
increasing member size as well as the fact that the outer layers are treated 
with strong laminates where the stress is greatest. 

 Glued-laminated timber for exterior applications require preservative 
impregnation and certain adhesives which must be strong enough to provide 
a joint at least as strong as the timber in shear parallel to grain. If the site is 
particularly humid, all heartwood construction may be warranted. 
Adhesives must also be creep-free under load and have sufficient durability 
for the member’s end use. Dependent on these situations the adhesives used 
are casein, urea formaldehyde resin, phenol, resorcinol or melamine or a 
combination of these. When required by end use condition, glued laminated 
members can be preservative treated in a similar manner to solid timber. The 
type of preservative needs to be chosen with regard to the adhesive and 
whether the treatment is to be applied to the finished members or the 
individual laminations before assembly. 
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Lumber species commonly used in the manufacture of the glue-
laminated members include Douglas fir, hemlock or fir, redwood, and 
southern yellow pine. 

Construction of laminated timber beams requires expensive equipment 
and considerable expertise. Production costs are obviously higher than for 
sawn timber sections but laminated products have many advantages. 

TREATED TIMBER 

Because timber tends to be attacked by insects and particularly fungi, all 
timbers and almost all products of timber are treated with preservatives 
before installation on site. The type of preservative used and the method of 
preservation applied depends on the species and its natural durability. 

 

Preservative Treatment 
 

The treatment of timber with toxic chemicals to protect it from fungal 
attacks is necessary for indoor and outdoor uses of timber. In order to achieve 
successful preservative treatment, the required criteria depend on the timber 
species, the size and condition of the specimen, the effectiveness of the 
preservative materials and the resulting depth of penetration and the amount 
which is retained. 

When timber is used in buildings or as a outdoor construction material, 
especially in damp conditions, even if it is painted, it must be preservative-
treated. Chemical preservatives may be used to enhance durability of those 
species that do not have enough durability for use, particularly in damp 
conditions such as ground contact or similar situations. Not all timbers are 
equally amenable to uptake of preservatives. This situation must also be 
taken into consideration when the species are selected. 

When deciding which preservative treatment methods to use, some 
points such as effects to the environment and all living things, and also the 
suitability of the preservative type for the exposure category should be taken 
into consideration. 

Because it is not possible to force in any more liquid into wet timber 
before preservation treatments are attempted, the moisture content of timber 
must be reduced to about 28%. 

Methods of Preservative Treatment 

Methods of preservative treatment can be classified as follows: 
 



294 
 

Brushing and Spraying 
 

The preservative liquids are flooded over surfaces of woods and which 
should absorb it as much as possible. Brushing and spraying are the least 
effective methods of treatments. The amount of preservative chemical loaded 
into the timber is small, but much greater for rough sawn surfaces than for 
planed ones. The treatment must be repeated externally, every two or three 
years. Before treatment, surface of timber must be dry and clean. Coal tar 
creosote can be used for brush application. 

 

Vacuum/Pressure Methods 
 

These methods achieves complete pregnation of sapwood. Water-borne 
preservatives based on copper chromium and arsenic salt (CCA - copper-
chromium-boron) can be used. This process need complex equipment, but 
provide a good treatment for 50-60 years or more. Chemicals do not leach out 
in use. After preservatives are completely dried, paint can be applied to the 
treated timber. CCA - treated timbers are not harmful to animals and plants 
and has a slightly greenish colour which is appropriate in many outdoor uses. 
Coal tar creosote, which is impregnated under pressure, is one of the most 
effective and long-lasting wood preservatives and is suitable for embedment 
in the ground or high-risk situations. It, on the other hand, is harmful to 
plants and is not recommended for fencing near floral borders or plant tubs. 

 

Double Vacuum Method 
 

Another commonly used type of preservative treatment is double-
vacuum impregnation method. This process provides complete penetration 
of the sapwoods, using organic solvents. These are prone to leaching over 
time in high moisture content end uses and are only suitable for uses of out 
of ground contact, such as claddings or joinery. 

 

Diffusion Treatments 
 

This is an application for freshly sawn and unseasoned timber. A water-
soluable boron compound is applied to the green timber. The timber is then 
closely stacked to allow the preservative salts to diffuse before the timber is 
dried. 

After drying, the seasoned timber is supplied to the joinery 
manufacturers just like untreated timber. If the timber is exposed to rain for 
a long time because of the water-soluable nature of salts, there is a danger of 
them leaching out. As a result, all timbers must be primed before delivery to 
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site. Timbers can be painted after drying without any trouble. It is 
recommended to use the timbers, which are treated with water soluable 
preservatives out of exposed positions. 

Immersion Treatments (Hot-and-Cold Open Tank Method) 

This simple method provides protection to sapwood and permeable 
heartwood comparable to that given by pressure impregnation but is usually 
confined to the treatment offence and other agricultural timbers. 

Most of the absorption occurs in the first few minutes. During the deep 
penetration, particularly in the end grain, the timbers are submerged in a tank 
of preservative which is then heated to between 80 and 90 0C and kept at that 
temperature for several hours.   

Tar oil and CCB (copper-chromium-boron) preservatives can be used for 
hot and cold treatments. 

 

Absorption of Preservatives 
 

Absorption of preservatives refers to the permeability of timber to water 
and other liquids such as preservatives, sap etc. depending on their anatomic 
structure. Preservative penetrate most readily into the end grain of timber 
and penetration is usually greater into quarter sawn than flat-sawn surfaces. 
Because of having good permeability, sapwood is almost always easier to 
treat`than heartwood. For example the sapwood of oak is permeable but 
heartwood is extremely resistant to treatment.  

CONSTRUCTION WITH TIMBER 

Timber has been used as a construction material much longer than any 
other material. Unlike steel and concrete, the joining of timber members to 
give economically high strength connections has always been a problem. 
Timber structures cannot always achieve the full potential of the material, 
because of the relative weakness of the joints. Many old buildings still 
standing today, reveal the most skillful jointing techniques. But softwoods 
have replaced hardwoods and clever joints, such as tusk-tenons, are labour-
intensive and thus too costly, so alternatives have had to be found. 

TRADITIONAL TIMBER JOINTS 

Early Timber Joints 
Early forms of timber joint took the form notches and roundings that 

allowed one member to be housed into another and tied there. The hole and 
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tenon must have appeared early in history, and when the first metal spiral 
drill was invented, these joints would have been held together by a wooden 
pin driven through holes drilled through the joint. Over the centuries, 
different jointings were invented such as the skew notch, the scarf, and 
another method whereby the cog and the tenon were held with a wooden 
pin. These joints are still used today in very much the same manner in timber 
construction. Another joint specially for roof truss design was invented by 
Vasari. This splice joint allows long tension members to be made up from 
several lengths of timber. 

Different type of jointing are shown Figure 2. Some of these joints are still 
used today in building construction. 

 
Figure 2: Different type of timber joints which have been used for building 
construction (Beckett and Marsh, 1974). 

Basic Mechanical Fasteners 

Nails 
There are many types of nail available which give improved 

performance (Figure 3). Once nails were square in cross-section and were 
known as cut nails and rose-head nails. Most of contemporary nails are 
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formed from wire and are round or oval in cross-section. Round wire nails 
are by far the most commonly used fasteners for timber.  

 

Screws 
 

Screws for structural purposes are made of mild steel, stainless steel, 
brass etc. in extremely wide range of sizes with various designs of head 
depending of their purpose (Figure 3). Holes have to be drilled in the timber 
to suit the diameter and length of the screw and they have to be rotated in 
order to install them. Coach screws are large screws with a hexagonal or 
square head and are tightened using an appropriate spanner. They are 
commonly available in diameters from approximately 6 to 12 mm. and 
lengths of 25 up to 150 mm. 

 
Figure 3: Basic Mechanical Fasteners (TRADA, 1985). 



298 
 

Bolts 
 

Ordinary mild steel bolts (Figure 3), with hexagonal heads and nuts, are 
now the type of bolt most commonly used. Coach bolts have a cup-square 
head and either a square or hexagonal nut. Essentially the higher loading 
values for bolts compared with nails or screws are due only to the increase in 
diameter. Bolts in timber construction are often used with timber connectors 
together. Bolts are available in low or medium carbon steel, the heavier 
ranges in black, bright, high tensile or high strength steel. 

 

Staples 
 

Staples are used in some situations as an alternative to nails. Due to their 
limited shank length they are normally used for attaching sheet materials to 
solid sections, for instance plywood gusseted joints, sheathing for timber 
frame panels. Staples are generally made up of stainless or mild steel. They 
are available in range of sizes: The crown width varying from 5 to 11 mm. 
and the lengths from 9 to 63 mm. approximately. 

MODERN METAL CONNECTORS AND FASTENERS 

The purpose of a connector is to spread load over a greater area of timber 
and so reduce the stress concentrations. There are different types of 
connectors such as (Figure 4): 

 

Toothed Plate Connectors 
 

These are flat metal plates, round or square, with a hole through the 
middle for the bolt. These connectors are thin plates of galvanised steel with 
triangular teeth projection on one side, called single-sided, or alternately on 
both sides (double-sided). The plates are sandwiched between the two 
members to be joined and the teeth are embedded in the timber by the 
tightening of the bolt. 

 

Split Ring Connectors 
 

They are heavy duty connectors transmitting shear in much the same 
way as the toothed plates. They are placed in a pre-cut circular groove in the 
contact faces of the timbers to be joined. The split ring connectors consist of a 
band of steel which is rather like a piston ring and is between 50 and 100 mm. 
diameter and about 25 mm. wide. 
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Shear Plate Connectors 
 

These plate connectors correspond to the single-sided toothed plate 
connectors and consist of a shallow cup of pressed steel whose rim fits into 
an annular groove but in the timber on one side of the joint only. The flat base 
of the cup transfers the load to the connecting bolt and hence to the steel 
gusset or fish plate. They are used where a timber is connected to the 
steelworks, or where two are used back-to-back in demountable timber 
structures, when each connector is secured by screws through the holes 
provided. 

Figure 4: Modern metal connectors and fasteners of timber (TRADA, 1985). 
 
Punched Metal Plates 
 

The punched metal plates which are used in considerable numbers for 
trussed rafters and other manufactured components, are suitable only for 
installation by special machinery, employed under controlled conditions by 
fabricators who normally hold manufacturer’s licence for the use of a 
particular make of plate. The plate manufacturer usually carries the design 
responsibility for the structures in which they are installed. 

Nails of punched metal plates are short, slender and closely spaced: they 
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are punched out from the parent by a stamping process and embedded 
normally with hydraulic presses, on each side of the timbers to be joined. 

 

Hand Nail Plates 
 

These plates are available for use on site using a hammer or mechanical 
hand-nail gun to fabricate components. Hand-nail plates are not subject to 
the same proprietary restrictions as punched metal plates and are intended 
for use out of the factory. 

 

Framing Anchors 
 

These connectors are shaped metal brackets used for secondary 
connections in timber framing such as purlin cleats, studding, joist trimming 
etc. Framing anchors of many types are now available and are being used in 
rapidly increasing numbers. They may be thin pressed or folded metal sheets 
or thicker welded steel plate. 

 

Joist Hangers 
 

Many varieties of joist hangers are used. They may be thin pressed 
and/or folded sheet metal or thicket welded steel plate, the same as framing 
anchors and are always galvanised. Some are holed for nails or screws and 
some are plain. The use of plain hangers must ensure that they are well 
wedged in position by the joists they are supporting and have adequate 
bearing within the wall. 

GLUES AND RESINS 

Glues and resins are generally used for finger jointing. Finger joints and 
glues are also used for creating glued-laminated timber members. 

The finger joints are self-locating end joints formed by machining a 
number of similarly tapered symmetrical fingers into the ends of timber 
members which are then glued and interlocked under pressure. The profile 
of the fingers may be visible on either the width or depth faces of the timber 
member. The length and pitch of the finger joint can vary, depending on use 
and aim. 

Glued-laminated timber products are very common and are made by 
gluing together boards of timber with the grain running parallel in each layer. 
Adhesives used are casein, urea formaldehyde, phenol, resorcinol or 
melamine or a combination of these (See “Laminated Products”). 
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CONCLUSIONS 

Landscape architects and designers did not have enough information 
about timber, the wrong section has been used in the wrong location, or the 
wrong species with wrong durability and as a result timber has failed in the 
past (Nayim, 1995). 

For achieving a successful result, the landscape design process requires 
some considerations as summarised below (Nayim, 1995): 

• Ventilation must be provided around all timber to allow dying-out 
after wetting. 

• There must be a sufficient slope on any horizontal surface to shed 
water, and drips, drainage channels and anti-capillary grooves must be 
provided to avoid water running out under protections or seeping into joints 
by capillary action. 

• Timber needs to be protected from absorbing moisture directly from 
a wetted surface such as brickwork or soil, by providing air gaps. damp-proof 
courses, or metal connectors. 

• When a finish is used to decorate or protect a surface, it needs good 
maintenance and it is necessary to ensure that it will not be affected by later 
plant growth or general inaccessibility. 

• All working of construction such as cutting, notching and drilling, 
should be done before preservative treatment. 

• All metal fixing must be galvanised. Non-ferrous fixings are also 
preferred for timbers which are known to increase corrosion, such as oak or 
Western red cedar, and where CCA preservatives have been used. 

Timber however has a great potential for landscape architects and 
designers and gives so much back to the designed environment itself, it is 
therefore pleasing to see an increase in it use (Nayim, 1995). 
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INTRODUCTION 

Starting at the end of the Mannerist age, the Baroque movement was in 
opposition, both in terms of style and in interpretation, to the art prevailing 
in Renaissance Italy. Derived from the Portuguese word “Barroco” meaning 
“a strangely formed, crooked and flawed pearl,” the name of the Baroque 
style is thought to have originated from the last name of the Italian artist 
Federigo Baroccio. Baroque art also refers to an ostentatious and exaggerated 
style that flouted the rules (Atasoy 1992, 81). The Baroque style contains a 
figurative element of “the bizarre, comical and inconsistent” (Germaner 1997, 
194). The type of art that was produced in France around the middle of the 
17th century that was incongruent with the classical taste of the French was 
named “Baroque.” The word at that time was used in a demeaning sense but 
by the end of the 19th century, it lost this connotation and began to represent 
the Counter-Reformation, taking on the identity of an autocratic art form 
(Atasoy 1985, 32). 

The style, beginning at the end of the 16th century and continuing on 
through the 18th century, is defined by a departure from the balanced order 
and classic forms of the Renaissance and a disruption of equilibrium and 
tranquility, (Atasoy 1985, 32). From the Baroque developed the Rococo style, 
which started in France and spread out over Europe. 

The Baroque style prevailed until the middle of the 18th century, in a wide 
range of art forms, from architecture to interior decoration, from furniture to 
painting and sculpture. In interiors, the style was characterized by 
extravagant volumes and decor in an attempt to create an effect of splendor. 
The symbol of “victory” is part of the repertoire of this ostentatious program 
of decoration.  

From a political and social perspective, the foremost representative of this 
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form was Louis XIV, the “sun king,” who symbolized the centralization of 
power in the Palace of Versailles that nurtured Baroque art in France (Atasoy 
1985, 32). Louis XIV lovingly adorned the palace in the Baroque decorative 
style. Baroque is the art of the era of absolutism, and its splendor and 
magnificence represent this power. The Jesuits had a strong influence on the 
development of Baroque as a reaction to austerity and simplicity by 
embracing elements of jubilation and movement. The Jesuits played a major 
role in the spread of Roman Baroque art. The luxurious appeal of the Baroque 
style was an effective instrument in the Jesuits’ counter-reformation 
propaganda (Atasoy 1985, 34). Baroque claimed many elements from 
antiquity and melded this with the heroic ideal of the Christian system of 
thought as absolutism in this period began to be associated with the king, 
who was considered to me God’s representative on Earth (Atasıt 1992, 81). 
This belief became one of the main principles behind Baroque art and was 
applied all over Europe in various ways. Not only France, but even small 
principalities and princedoms across Europe, especially in Germany, 
engaged in building countless castles and palaces revealing the extravagance 
of Baroque. Large palaces and pavilions were enriched and enlivened with 
ponds, fountains, canals and other elements of water (Atasoy 1992, 81). The 
Palace of Versailles became a prototype for the whole world as a symbol of 
absolutism.  

The Baroque style did not entail an introduction to altogether new form 
however. Current forms were incorporated within a new understanding and 
interpretation (Atasoy 1985, 35). Replacing the staid quality of the 
Renaissance, venturesome attempts to create motion, plays on shadows and 
contrasts with light, undulating lines to replace straight elements, 
ornamentation created by concave and convex twists were the striking 
characteristics of Baroque art. Sculpture, decoration and paintings became 
parts of an entirety of understanding, where “S” and “C” forms were used in 
abundance, shell motifs, broken or bursting pediments and oval medallion 
shapes and gold gilding were used to create a novel style. A concentrated use 
of molded pilasters, forming separations on walls, entablature arrangements, 
ornate cornices and profiles and pilasters on high pedestals, multipartite 
surfaces are all expressions of the Baroque style. Curved surfaces, polygonal 
forms, oval, fan-like and fragmented staircases are all Baroque 
interpretations. In interior and exterior design, the multi-piece effect created 
by horizontal pilasters was a characteristic of Baroque that helped to increase 
the claire-obscure (light and shade) atmosphere of the art form. In interiors, the 



306 
 

“courbes-contre-courbe” (curves and counter-curves) style became a dominant 
motif (Kuban 2015). Domes, ceilings and vaults featured a technique called 
trompe l’oeil that created the illusion of sky and introduced symbols of heaven. 
Baroque also encompassed asymmetry countering symmetry, curves or 
wavy figures versus geometrical forms, and movement instead of stillness. 
Facades enriched with stucco and putty and female forms of angels were 
other innovations introduced by the Baroque style. Plan schemes enjoined 
the circular central plan adopted in the Renaissance with Gothic elongations 
on a basilica plan, creating oval forms (Atasoy 1985, 41).  

The Baroque style, which flourished in two centers–Italy and France–
exhibited local variations depending upon the country in which it was 
adopted. The purpose of this paper is to describe the characteristics of 
Ottoman Baroque architecture, known as “Turkish Baroque,” through a 
review of the effect of the art form on different types of structure (water 
structures, mosques, tombs, palaces, residences) and how this style shaped 
the architecture of 18th-19th century Ottoman architecture.  

BAROQUE IN OTTOMAN ARCHITECTURE 

Ottoman architecture took on a different form with the innovative 
concepts emerging from Europe in the eighteenth century. One of the cultural 
dynamics that changed the course of Ottoman architecture in fact was the 
onslaught of imported architectural styles originating from Europe. The 
impact of western art continued to have an influence on Ottoman architecture 
starting from the beginning of the eighteenth century up until the end of the 
nineteenth century (Ortaylı, 1986, 24). This reaching out into the west of 
Ottoman architecture, the effects of western trends and enchantment with 
styles in France paved the way for an increased interest in European culture 
in the Tulip Period during the reign of Ahmed III (1703-1730), leading to the 
emergence of concrete examples. In 1715, Yirmisekiz Mehmed Çelebi was 
sent to Paris as a Turkish ambassador to the court of Louis XIV. When he 
returned, the lavish descriptions he offered Ahmed III and the Grand Vizier 
Nevşehirli Damat İbrahim Pasha of Versailles, Fontainbleau, Marly Palace 
and its gardens became the inspiration for the westernization movement that 
started with Cedvel-i Sim, Kağıthane Stream waterworks and the Sadabat 
grounds (Eyice 1981, 166). The impressions of Yirmisekiz Mehmet Çelebi 
regarding the palaces and garden landscaping in France as well as the use of 
water as an architectural element created a profound influence on the use of 
technically equipped aqua architecture. The Kağıthane layout program 
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encompassed the reclamation of the stream, the palace and other structures, 
the outdoor kiosks of the Sultan, burial grounds (hazire), the pavilions of 
state officials situated on public properties and the Has Bahçe (Sultan’s 
Gardens) (Batur 1985, 1040). The architect of this arrangement was the 
Sultan’s Chief Architect Mehmed Agha and his engineers. Kağıthane Stream 
was the determining factor in the design of this layout. In Named Cedvel-i 
Sim (Silver Canal), as Nedim was to call it, the waters in the canal were left 
to tumble down in cascades over two tiers of embankments, collecting on the 
flat in a pool at the end measuring 1100 meters long (Arıkan 2013, 551; Batur 
1985, 1040). Sadabat Palace was built on the edges of the cascades that were 
surrounded by marble, constructed according to the palace and garden plans 
brought to Istanbul by the French ambassado the Marquis de Bonnac (Eyice 
1981, 168). Sadabat Palace is reminiscent of the palaces that were the fashion 
in the 18th century in Europe, rising inside vast park grounds and bordered 
by a canal of running water, complete with cascades and fountains (Eyice 
1981, 168). Created in the style of French palaces, Sadabat features elements 
of water and landscaping in its gardens. The same space also included two 
hundred wooden kiosks, again built under the influence of the French palaces 
(Fig.1). The most prominent of these kiosks were those standing along the 
shores of the stream. This period ended with the Patrona Halil Rebellion in 
1730 and most of the kiosks, pavilions and seaside palaces built during the 
time of Sultan Ahmed III were ransacked and burned down by the insurgents 
(Arslan 2014, 98)  

 

Figure 1: Sadabat Palace and Kağıthane Promenade. Gravur D’Ohsson (URL 1). 



308 
 

The influences of the Tulip Period started to give way to Rococo and 
Baroque as from 1740. The Rococo style was widely utilized in the era of 
Mahmud I (1730-1754). The cheerful floral patterns, fruit basket motifs, 
bouquets of flowers in vases that made up the decorative elements of the 
Tulip Period were replaced by Rococo motifs in architectural ornamentation. 
The “Fruit Room of Ahmet III” in Topkapı Palace reflects the decorative 
conceptualizations of the Tulip Period, as can be seen in the oil-painted 
ornamental wooden panels of the chamber (Bakır 2003, 89). The Kağıthane 
kiosks of Ahmet III introduced a new style, opening the doors to French 
Rococo. The Tulip Period, which represented the first stage in the 
westernization of Ottoman architecture, saw the installation of many new 
waterworks, especially in Istanbul. There was an upsurge in new water 
canals and connected fountains. A distinct Rococo-Baroque style can be seen 
in fountains and water dispensers after the Tulip Period (Ünver 2019, 78). 

In Istanbul, Baroque design began to make itself known as from 1741 in 
the era of Mahmut I. Ottoman Baroque remained in vogue in the years 
following the Tulip period up until the time of Mahmut II, over the period 
1720-1830. The most creative period incorporating western cultural elements 
was the era after Ahmed III, in the times of Mahmud I, Mustafa III, 
Abdülhamid I and Selim III. These pioneers of Ottoman westernization 
introduced a higher quality of education, made innovations in the military, 
and generally helped to create a technical and scientific environment. 
Ottoman Baroque refers to a style that prevailed over the years following the 
Tulip period up until the time of Mahmut II (Cerasi, 2001, 121). This period, 
corresponding to the second half of the eighteenth century, represents what 
the well-known art historian Semavi Eyice has defined as the period of 
“Turkish Baroque” or “Ottoman Baroque” (Eyice 1981, 165). Eyice chose this 
name for this era of Ottoman architecture because the trend, though inspired 
by the west, held on to some fundamental characteristics of its own unique 
style (Eyice 2002, 291). As the eastern neighbor of the west, the Ottoman 
Empire exhibited a unique concept of Baroque art within its vast boundaries. 
Ottoman architects took the western Baroque and Rococo elements that 
inspired them and created a synthesis that incorporated the classic Ottoman 
architectural style. The Baroque forms were adapted in some way to Ottoman 
design patterns (Eyice 1986, 31). This style however did not exactly follow the 
influence of the western Renaissance in Ottoman architecture although it was 
western in origin, instead being interpreted in an original style that became 
unique to Ottoman architecture (Kuban 1994, 65). Doğan Kuban states that 



309 
 

Baroque and Rococo styles in the Ottoman Era represent an objectivization of 
art culture and an expression of opening out into the outer world beyond the 
Empire (Kuban 1994, 65.) His view is that these arm forms become 
instruments used to demonstrate the pomposity and flourish of the palace 
and its inner circles. These styles were an indication of the extent of 
westernization and reflected the splendor of the palace and courts. With the 
creation of the printing press and the foundation of the imperial school of 
engineering, new developments took place in laying the foundation of 
science and education, producing an environment conducive to accepting the 
new styles (Kuban 1994, 61). While Oktay Aslanapa describes Ottoman 
Baroque as an “assimilated” style, he also defines the architecture of the eras 
of Abdulmecid and Abdulaziz, especially structures designed by foreign 
architects such as the Balyan’s, D’Aronco and Vallaury, who were unfamiliar 
with “Turkish tastes” and as a result created “unsuccessful works,” in a 
“degeneration” of the Ottoman orientalist style (Aslanapa 2003, 213; Tuztaşı, 
Askun 2011, 220). According to Pietro Montani, Ottoman Baroque is the 
symbol of a degeneration that occurred under the influence of foreign 
architects, a trend that as of the reign of Sultan Abdulaziz, resulted in the re-
creation of specific original elements of Ottoman architecture, bringing these 
to their zenith (Tuztaşı, Aşkun 2011, 214).  

Turkish Baroque is fundamentally a style that flourished in the capital 
city (Kuban 1994, 61). The style did not go farther than being a decorative 
trend in the rest of Anatolia. It was rather limited to interior decoration or 
appeared in elements such as doors, fountain surfaces and gravestones as 
well as eave moldings and slanted oriels. Trends appearing in the capital 
outside of plastic adaptations and some spatial innovations were not 
embraced in Anatolia (Kuban 1994, 61).  

According to Ayda Arel, architectural elements that featured the 
Baroque style were seen in the Ottoman era not in the structures themselves 
but more in forms of decoration and in non-structural sections such as doors, 
windows and in inscription frames. This indicates that Baroque sensitivity 
entered Ottoman art by way of arts and crafts (Batur 1985, 1039). Cerası has 
interpreted the mixture of 18th century Ottoman architecture as a 
combination of Classic, pre-Byzantine as well as European Baroque 
characteristics that he calls “covert historicism,” explaining that this stemmed 
from the desire of the dynasty to express their longing for a lost period, 
fortified with the intention to always adopt novelty and innovation (Cerasi 
1999, 35). In the view of Uğur Tuztaşı and İlgi Yüce Aşkun, in this period in 



310 
 

which westernization movements began to make themselves felt, there was 
no architectural style, construct or order that was deemed to be worth 
protecting in Ottoman society. This period brought about the break in Classic 
Ottoman style, including in mosque architecture. The architectural impacts 
that can be called “western” in the 18th century were predominantly found 
in morphological and decorative elements. These morphological and 
decorative elements of Baroque, Rococo and the Neo-classic styles at the end 
of the century took their place in Ottoman architecture irrespective of any 
ideological approach (Tuztaşı, Aşkun 2011, 214). As Shirine Hamadeh has 
stated, the first powerful traces of the impact of western influences in 
Ottoman architecture appeared in the 18th century and never again was there 
ever a period in which Ottoman aesthetic sensitivity was praised for its 
adoption of the new and innovative as at this time. In fact, 18th century 
literature was seen to constantly laud the unaccustomed architectural styles, 
even more so than in Europe itself (Tuztaşı, Aşkun 2011, 229). 

The new style brought with it an entirely new decorative repertoire. 
Ottoman architecture thus adopted a new look with curvy, dynamic, 
undulating and convoluted arches and eaves as part of the concept of 
concave-convex movements in facades. Curves of “S” and “C” forms with 
connecting straight rods, acanthus leaves, oval medallions, single or multi-
engaged columns and rippled moldings, capitals and consoles with acanthus 
leaves, “S”-shaped buttresses, cartouches and seashells, scallops and stylized 
and asymmetrical compositions comprised the elements of the new 
movement. The “S” profile and voluted consoles were among these as well. 
Undulating moldings, convex and concave surfaces created three-
dimensional facades. Another novelty was the Baroque profile of round and 
slanted or contoured (münhani) arches and muqarnas that replaced the 
pointed arches and the Ionic and Corinthian capitals that took the place of 
Turkish triangular forms. In particular, the type of decoration used on the 
faces of fountains was the first application of this style. The fact that 
architectural design included Baroque characteristics on outer spatial 
compositions rather than in interior design produced a rich arrangement of 
columns, intensified plastic profile ornamentation and especially concave 
profiles in Turkish Baroque. Ultimately, it is difficult to differentiate Baroque 
ornamentation from Rococo decoration. Both make use of common motifs 
and are therefore sometimes intertwined. On the other hand, the Baroque 
style did not have a concerted effect on religious architectural schemes but 
appeared mostly in decorative art.  
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WATER STRUCTURES 

The first group of structures in which Ottoman Baroque and Rococo were 
seen were aqua structures consisting of fountains and water dispensers. 
Aqua architecture thus developed at this time because of how dominant the 
element of water was as a motif in this period. The element of water in 
architecture, which started in Sadabat, soon became a major element of 
garden landscaping. In the Ottoman westernization movement that started 
in the Tulip Period, the fountains and water dispensers built on vista points 
and squares of the city were the first applications that reflected the 
architectural spirit of the era. Many points in the city were decorated with 
fountains and water dispensers in this period (Yerasimos 1996, 48). These 
water structures, the jewels of the city, were decorated in a Baroque style that 
featured a concentrated Rococo influence. The plastic forms of these 
structures adorned Istanbul’s squares with monuments, signifying a desire 
to open out into city, street and the outer environment. The Fountain of 
Ahmed III, dated to 1728, Üsküdar Square Fountain, Bereketzade Fountain 
and the Saliha Sultan Public Fountain were major structures of the period 
(Eyice 1981, 165). The faces of these fountains exhibited a decorative style that 
featured vegetative motifs, especially tulips, naturalist floral designs, 
bouquets of flowers set out in vases and bowls of fruit (Arel 1975, 42). 

Fountains and water dispensers continued to be produced at the same 
rate under the rule of Mahmut I following the Tulip Period. Goodwin claims 
that because water was the fundamental element in Baroque architecture, 
fountains and water dispensers were the main representatives of Turkish 
Baroque as well (Goodwin 1971, 56; Arel 1975, 47). The motifs of the Tulip 
Period gave way to the decorative repertoire of the Baroque Period. The 
concentration of pilasters, pilaster clusters, acanthus leaves, carefully 
modeled moldings in the “mode nature” style that separated the faces of the 
fountains into sections, the undulating and refracted cornices, cartouches, 
particularly those shaped like an “S,” the sense of movement created by 
vertical lines that start from the base of the structure and extend to the top all 
characterize the Baroque influence. The convex-concave design of surfaces 
add perspective to the composition. Fountain faces exhibit Baroque and 
Rococo ornamentation. The basic geometry of the fountains begin to sit on a 
circular plan and feature wide, dynamic, curvy fringes. The corners of the 
fountains become beveled under the Baroque influence (Arel 1975, 41). All of 
these reflect a desire to move away from classic forms. The deviations in the 
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general and mass compositions of the aqua structures are representative of 
the impact of the Baroque movement. The adoption of curved lines featured 
in the fountains and water dispensers emerge now as a new property of 
architectural mass. The opposition of the vertical and horizontal is a striking 
characteristic of the structural mass. Cubic masses at corners and the body of 
the structure add new motion to the mass (Tanyeli, 1996, 84). 

In this period, fountains and sebils escaped confinement to walls and 
kulliye corners and boasted of a new-found elaboration in decorative design. 
In particular, concave-convex surfaces, separations between vertical modules 
achieved with pilasters, misleading perspectives and eave movements are 
features that differentiate this age from the Tulip Period. Dolmabahçe 
Mehmet Emin Ağa Sebil built in 1740 represents a turning point. This is the 
first example of the Rococo style and consists of a fountain and a burial area 
(hazire). The structure is completely dominated by Baroque and Rococo style. 
Its facade is made up of pilasters, the sebil of “S” and “C” curves, and the 
burial area (hazire), fountain and gate arches as well as the wide, curvilinear 
eaves are the first applications of their kind (Fig. 2). The body of the structure 
has a circular form, representing an innovation in the organization of mass.  

 
Figure 2: Mehmet Emin Ağa Sebil 

(Mutafa Cambaz) 

 
Figure 3: Eyüp Mihrişah Valide 

Sultan Sebil and Fountain (URL 2). 
 

Another important aqua structure of the period is the Mihrişah Valide Sultan 
Sebil and Fountain in Eyüp. This structure dates back to 1795 and is situated 
at the southeastern corner of the kulliye. The Baroque style is visible in the 
semicircular plan of the sebil and its undulating body and wide eaves (Fig. 
3). The structure sits on a marble foundation with stairs and its cluster of 
pilasters is divided into five sections. The base of the sebil has decorations 
that is made up of square cartridges. The cluster of pilasters consist of “S” 
and “C”-shaped arches with acanthus keystones. The most dynamic section 
of the sebil is the curving eave with its concentration of ornamentation and 
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the concave-convex cornice beneath. This section consists of two tiers, and 
the surfaces are curved outward, boasting of decorative cartouche 
arrangements. Bordered by a volute of acanthus leaves, the cartouches 
contain inscriptions. Underneath the eave appear a few concentrated rows of 
molding. 

 

Figure 4: Nuruosmaniye Sebili 
(URL 3). 

The sebil belonging to Nur-u 
Osmaniye Kulliye that was 
contracted to the architect Mustafa 
Agha is another of the most 
impressive water structures of the 
era. The slanting, undulating wide 
eave of the sebil, the twin pilasters 
with Ionic column capitals, slanted 
cornice profiles with moldings, 
oval-like cartouches and oval 
medallions and “S” and “C” motifs 
generally reflect the Baroque 
decorative style. The fragmental 
contrasted surfaces with their 
concave-convex perspective exhibit 
a high level of plasticity.  

The arches of the network of wrought iron covered with a vegetative form in 
the pattern of girih are composed of “S” and “C”-shaped curves. The profile 
of the eave exhibits extraordinary splendor. The semi-circular body mass of 
the sebil is an example of the new geometry that was seen in the water 
structures of this period (Fig. 4). 

MOSQUES 

Another group of structures that display the effects of the Westernization 
Period is the mosques. The first of the mosques of the period to be mentioned 
in this context is Ayazma Mosque, situated on a hill in Üsküdar facing the 
Marmara Sea. It was built in 1760-61 by Mustafa III for his mother Mihrişah 
Emine Sultan and brother Prince Süleyman (Eyice 1994, 471). The mosque sits 
on a square plan and comprises three sections–a main sanctuary and two 



314 
 

other spaces, one inside and one outside. There are two congregational spaces 
and in front are fan-shaped stairs of ten steps in the Baroque style (Fig. 5). 
The stairs fan out and tie into the courtyard, providing the structure with a 
striking play on perspective. The middle divisions of each of the two three-
section congregational areas are covered by cavetto vaults, while the domes 
of the side sections are of oval form, the most characteristic feature of Baroque 
design (Fig. 5).  

The columns of the congregational area outside are composed of leaves 
that are uniquely Baroque (Kuban 1954, 29). The Sultan’s Pavilion of the 
mosque is connected to the road on the left of the mosque. The arches of the 
two-level gallery tying the Sultan’s space of the mosque to the Sultan’s Kiosk 
are in the münhani style, another characteristically Baroque element. This 
important structure, dated to the 18th century, is an example of how 
successfully Baroque characteristics were combined with elements of Turkish 
mosque architecture. The high drum on which the dome of the mosque has 
been raised as well as the supporting buttresses with their molded capitals 
also point to the Baroque. All of the facades of the square mosque have been 
separated by molded cornices and carry pilasters with molded capitals. A 
suspended arch system is seen in the facades; these have a molded design 
that can be attributed to the Baroque style. The interior decoration of the 
structure as well as the mihrab carry decorative elements in the Baroque style 
that feature gilded motifs of “S” and “C.” The top windows are of oval form 
and have arches formed from the curlicues of “S” and “C.” 

The Nur-u Osmaniye Mosque is one of the most prominent examples of 
the period’s religious architecture and the last example of the Ottoman 
monumental mosque tradition. It was built by order of Mahmud I, who 
wanted to erect a different type of mosque. The structure, built in 1755, 
became an important piece of architecture of the 18th century with its kulliye 
containing a mosque, fountain, sebil and library.  

The dimensions and ratios of the mosque differed from previous 
examples–the horseshoe-shaped courtyard lacking a şadırvan (fountain) is a 
total innovation (Fig. 6). Despite the Baroque articulation of the exterior 
architecture of the structure and the elliptic design of the courtyard, the 
interior space does not conform to the Baroque spatial concept but is of a 
traditional domed and square geometry. The undulating configuration of the 
facade surfaces and the concentration of moldings and decorations point to 
an architectural physiognomy that departs from the classic period (Kuban 
1994, 63).   
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Figure 5: Ayazma Mosque (Eyice 1994, 471). Baroque fan-shaped stairs 
(Mustafa Cambaz) 

The structure, which is the work of the architect Simeon the Master-
builder (Kalfa), has a polygonal mihrab that projects outside, a suspended 
arch system with a concentration of concave moldings, a bulging dome drum, 
dome buttresses with rounded profiles, a pilaster arrangement on the facades 
and spaces contrasted in concave-convex forms (Fig. 6). The mosque 
sanctuary is surrounded on three sides by sinuous curving galleries in the 
Baroque style (the women’s gathering place (or mahvil). The arches are of the 
münhani style. The stained glass windows of the building are also in the 
münhani style. The Baroque effect can also be seen in the fanned stairs. The 
suspended arches carrying the dome, which has been raised on a high 
support, combined with a Baroque profile of moldings, produce a distinctly 
plastic effect. The same effect can be seen in the frame moldings and in the 
curvilinear buttress arches. The mosque has been planted on a diagonal 
among the structures in the kulliye. This is a departure from the familiar 
geometric pattern and presents a different perspective and a new relationship 
with the outer spaces (Batur 1985, 1044).  

The wavy floor cornice moldings produce a distinctive Baroque effect. 
This cornice winds itself around the structure. Pilasters with molded capitals 
appear intermittently along the walls, revealing a very strong reference to 
Baroque. The curvilinear surfaces of the wall with the console ending in an 
“S” carry the Baroque signature. The outer wall of the mihrab, the courtyard 
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walls and the heavily molded pilasters are all new elements of Baroque. The 
ramp to the Sultan’s area (mahfil) and the outer gallery disguising the ramp 
point to extraordinary creative ability (Kuban 1994, 6 4). The curvilinear 
details in the structure have all been treated to an indigenous flavor. The 
concave cornices wind around the interior as well. The oval medallions in the 
lower rows are another Baroque detail. The structure is considered a major 
work of Turkish Baroque due to the replacement of straight lines with 
curvilinear walls and surfaces.  

  

Figure 6: The plan of Nur-u Osmaniye Mosque (Aslanapa 2003, Fig. 67). 

Selimiye Kulliye is also a trailblazing structure in Ottoman architecture 
in that it is the first urban design and implementation project of the period. 
The district in which the kulliye is situated was characterized in Ottoman city 
planning by streets perpendicular to each other, lying on a grid plan. The 
Selimiye layout plan was symbolic of the Nizâm-ı Cedîd or “New Order.” 
The social community close to the kulliye mosque was divided into the textile 
industry that wrapped itself around the Harem Pier and the residential area 
(Ramazanoğlu 2009, 435). The kulliye was the first complex to be planned 
according to the traditions of city planning.  

Laleli Mosque, built under the reign of Mustafa III in 1769-1763, does not 
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have the sharply Baroque appearance of Nur-u Osmaniye, having remained 
closer to classic traditions. It was built by the well-known architect of the 
period, Mehmed Tahir Efendi, and comprises an octagonal baldachin 
loadbearing system in which the architect painstakingly preserved a 
traditional approach. On the other hand, the fragmented fanned stairs, the 
column capitals, doors, dome drum buttresses and arches display the use of 
the Baroque lexicon (Kaban 1994, 65). The ‘S”-shaped buttresses of the 
structure as well as its curvy, vastly molded floor cornice are its most 
characteristic Baroque detailing (Fig. 7). Other important details carrying the 
Baroque influence are the pilasters with their molded capitals which can be 
seen on the exedra and on the facades. The building is singled out as a 
Baroque interpretation of Turkish tradition (Batur 1985, 1044).  

  

Figure 7: The S-shaped supporting buttresses and molded, undulating floor 
cornices of Laleli Mosque (URL 4). 

Another mosque that carries the characteristic of Baroque architecture is 
Küçük Efendi Tekkesi Mosque (Fevziye Mosque), which belongs to a kulliye 
consisting of, besides the mosque, a library, fountain, şadırvan, tekke cells, 
çilehane (suffering chamber), water reservoir, wells and a burial ground 
(hazire). The first founder of the kulliye, which is situated on Hacı Evhad 
Street, was the Ayasofya cleric Feyzullah Şükrü Efendi of the Nakşibendi 
religious order (Koç 2002, 523). The mosque forms the main entrance of the 
kulliye and is also used as a semâhâne (where dervishes perform the sema). 
The mosque is one of the few examples in Ottoman architecture that reflects 
a Baroque influence in terms of plan. The horizontal oval plan of the mosque 
rests underneath an oval wooded dome that stands on wooden columns (Fig. 
8).  
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Figure 8: Küçük Efendi Tekke (Eyice 1981, Image 3). 

The main sanctuary of the mosque consists of a 14X10.5 m. elliptical central 
space and annexed to this to the south is a projecting mihrab section with 
another projecting closed wooden frame congregational space to the north 
(Tanman 1994, 151). The upper floor of the closed congregational space serves 
the function of being the Sultan’s private prayer space (mahfil). The covering 
of the elliptical central space is an oval (beyzi) wooden dome with a central 
molding In this structure, where all the facades have round, arched windows, 
the top of the gallery standing between the wooden columns carrying the 
dome and the exterior wall has been arranged in the form of a Sultan’s private 
space (mahfil) (Koç 2002, 523). The Sultan’s space was demolished in the fire 
of 1957 and currently functions as a women’s congregational area. There are 
three mihrabs in the structure. The middle mihrab stands in a niche and 
projects outwards, which is identified as a characteristic of Turkish Baroque 
mosques (Kuran 1963, 468). The structure was built at the beginning of the 
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19th century, in the last years of Tukish Baroque (Kuran 1963, 467). The 
mosque carries no inscriptions and the exact date of its erection is not known 
but it is estimated to have been built before 1825 (Eyice 1981, 165). The 
mosque is considered the most original example of Turkish Baroque 
architecture. The strong rhythm, dynamics and motion emerging from the 
interior space can also be seen in the walls of the entrance to the kulliye of 
this Baroque structure. The walls of the courtyard gate have been designed 
in curvilinear patterns (Fig. 9). 

 

Figure 9: Küçük Efendi Tekke (Eyice 1981, Image 4). 

Another stage in Ottoman Baroque is identified as the Baroque-influenced 
period within the entirety of 19th-century eclecticism. Although the Baroque 
style had started to meld with other movements in this century, the Baroque 
was still predominant. The Baroque style constitutes the main element of 
Istanbul eclecticism. This heavily decorative Baroque style was particularly 
adopted in this century by the Balyan family of architects (Kuban 1994, 233).  
Making a partial appearance in the eighteenth century and becoming more 
conspicuous in the nineteenth century, the process of tearing away from the 
traditional practice of Ottoman architecture accelerated as the architecture of 
almost all of the major buildings in the Ottoman capital began to be entrusted 
to European architects (Tuzlaşı, Aşkun 2011, 223). According to Uğur Tuztaşı 
and I. Aşkun, a significant characteristic of the first half of the 19th century 
was that the Ottoman-European synthesis in architecture popular in the 18th 
century was abandoned to embrace the concept of “directly” absorbing the 
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Westernization adopted by the administrative elite. This trend was readily 
reflected in some major structures built in Istanbul in the Neo-classic form 
(Tuztaşı, Aşkun 2011, 223). Before the 19th century, the Ottomans regarded 
anything different as “new” whether it originated from local sources or from 
the West. The fact that the “new style” or “tarz-ı nev” of Nur-u Osmaniye 
Mosque was an object of admiration for the poets of the time and no one 
spoke of a degeneration or corruption of style born of western influences may 
be related to the Ottomans’ traditional perception of the world (Tuztaşı, 
Aşkun 2011, 229; Tanyeli 1996, 84).  

The most prominent structure reflecting 19th century eclecticism is 
Üsküdar Selimiye Mosque, built in 1805 by Selim III. The building was built 
on a new plan that first been seen in the 18th century in the Beylerbeyi 
Mosque. With its pendentive dome and square sanctuary (harim), the 
structure has a two-level sultan’s private space and a sultan’s pavilion, with 
a wing stretching out horizontally between the two constituting the 
congregational space (İnci, 1985, 224) (Fig. 10).  

 
Figure 10: Üsküdar Selimiye Mosque (Author) 

Although the architect is not known, the building was constructed in the 
time of the Chief Architect Ahmed Nureddin Efendi. The integration of the 
congregational space with the sultan’s private space (mahfil) and the 
formation of a wing being connected to a two-story kiosk-like structure from 
the outside is an innovation unique to Istanbul mosques (Batur 1994, 514). 
This arrangement addressed the new protocol formations that westernization 
brought with it (Batır 1985, 1061). As a product of the inspiration of the 
ceremonial protocol of European monarchies and the overflowing entourage 
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of royalty, the Friday Selamlık was assigned new functions in this period 
(Batur 1985, 1061). Afife Batur explains this change as a means of secularizing 
the image of the mosque by adding new meanings to the messages related 
(Batur 1985, 1062).  

Changing the worshiping area pushed the soundest boundaries of 
tradition, making this concept of design a prominently effective element in 
planning the sultan’s protocol. One of the earliest examples of this application 
were the new measurements of the structural masses, whose asymmetrical 
formations were examples of innovation. The building is also well-known for 
its “S”-profiled buttresses that leave a mark on the outer plastic of the 
structure (Fig. 11). Other Baroque features of the building are the suspended 
arches with their inner molded profiles, the high drum of the dome with its 
molded convex-concave surfaces, the outward-projecting supporting 
buttresses sitting on a molded base, the curving floor cornices solidly covered 
with molding and the “courbes-contre-courbes” (curves and counter-curves) 
designs. Other Baroque novelties in this building that are not seen in other 
structures are the decorative weight towers with pilasters with molded 
capitals and the small windows with their horizontal oval forms (Fig. 11). The 
main entrance to the mosque is of Baroque-Rococo style and is decorated 
with stylized acanthus leaves. The arches of the congregational space are of 
münhani style composed of “S” and “C”-shaped curves. The column capitals 
are of the Ionic design that is a recognized feature of this period. The facades 
of the sultan’s pavilion and the sultan’s private prayer space is adorned with 
pilasters with molded capitals. The interior of the structure is decorated with 
Baroque elements. In particular, the women’s area situated above the interior 
congregational area to the north boasts of molded, curvilinear and floor 
cornices with oval cartouches that are strong characteristics of the Baroque 
flavor (Fig. 11). In the east-west orientation of the building, there are one-
story exterior areas that have riwak arches in the münhani style. Other 
innovations in the structure are the horizontal separation of the surfaces of 
the concave-convex and molded suspended arches and keystones forming 
the facades of the square sanctuary (harim) with a floor cornice and the 
modular separations of the intermediate surfaces with molded pilasters. 
Between the pilasters are arched windows in the münhani style. 
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Figure 11: Selimiye Mosque (Author) 

After the strong design of Nur-u Osmaniye, the structure to most closely fit 
Baroque formulas is Nusretiye Mosque (Kuban 1994, 65). A structure built in 
the time of Mahmut II in 1826, Nuruosmaniye Mosque was the work of 
Krikor Amira Balyan and was one of the dominating features of the Istanbul 
landscape in the 19th century. Mahmut II named the mosque Nusretiye, 
meaning “holy victory,” to commemorate the disbanding of the Janissaries 
(Eyice 2007, 267). The design here is a repetition of the design of Üsküdar 
Selimiye Mosque and consists of a square sanctuary (harim) with a 
pendentive-dome and in front, a congregational area in the middle with a 
two-story sultan’s pavilion to the right, and a two-story sultan’s prayer area 
(mahfil) on the left. Since the structure has an eclectic style, the Baroque 
character of the composition intertwines with the Empire style. The domes of 
the congregational area carry the Baroque characteristic of the beyzi form. The 
outward projecting supporting buttresses, formed like a pilaster above the 
drum of the dome, the onion-bellied supporting towers, the convex-concave 
cornice of the dome drum and the minaret balconies adorned with acanthus 
leaves are typical Baroque elements (Fig. 12). The horizontally situated 
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sultan’s space (mahfil) is decorated with intensive moldings and its convex-
concave floor cornices as well as the pilasters with molded capitals on the 
front of the wing and the pilaster clusters of the polygonal projecting mihrab 
are other Baroque details. The large suspended arches with their rich and 
exaggerated profiles are other striking features of the design. In the interior 
decoration of the mosque, convex cartouches with the inscriptions Allah, 
Muhammed, Ebubekir, Ömer, Osman, Ali, Hasan and Hüseyin stand out as 
the interior Baroque elements. The muvakkithane (timekeeper’s area) and the 
sebil (water dispenser) with their curved cornices, floor cornices with thick 
moldings and a reverse console composed of a single acanthus leaf also point 
to the Baroque style (Fig. 12). The curving imperial stairs strike the eye as 
another Baroque effect within the entirety of the eclectic construct. The 
Baroque concept has been retained in the mosque sanctuary but the mass of 
the sultan’s area suggests a Classicist style (Batur 1985, 1062). 

  

Figure 12: Nusretiye Mosque. Muvakkithane’s (URL 5). 

Another major structure that is part of the eclecticism of the 19th century is 
Büyük Mecidiye Mosque, also known as Ortaköy Mosque. Built in 1853 by 
Sultan Abdülmecid, the structure is the work of the architect Nikogos Balyan. 
The Baroque-dominated structure, with its horizontal projections, is a 
response to the eclectic attitude of the 19th century with its Neoclassic 
interpretation of the concept of a waterfront mosque (Saner, Keskin 2014, 
267). This mosque is one of the symbols of Istanbul and is known for being a 
part of the group of mosques with horizontal projections in front. Its single-
domed sanctuary has a two-story sultan’s pavilion to the north. The walls of 
the sanctuary have been constructed as two stories inside suspended arches 
and the floors have been accentuated with moldings and curved cornices. The 
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concept of the two-story facade can be seen in the arched three windows with 
moldings on top and bottom that have pilasters in the form of an entablature 
(Fig. 13). The pilasters on the lower floor are raised up on high pedestals 
(Saner, Keskin 2014, 271). The pilaster capitals are in the Corinthian style on 
the ground floor. The Baroque style on the surfaces composed of the pilasters 
and the windows in-between is marked by the concave-convex curvilinear 
effect. The oppositions of the concave and convex create a spirit of Baroque. 
The structure’s outer plastic is characterized by the fragmented, contrasted 
and undulating emphasis. At the four corners of the square sanctuary are 
weight towers with Baroque decoration that stand on the wall buttresses. The 
sultan’s pavilion has a minaret with a single balcony that has Ionic leaf 
profiles and decorations of acanthus leaves.  

  

Figure 13: Büyük Mecidiye Mosque (Mustafa Cambaz). The pictures in the 
entrance hall to the sultan’s pavilion, drawn in the trompe l’oeil style (Saner, 
Keskin 2014, 273). 

The curvilinear appearance of the minaret balconies and the cornice with 
moldings all exude an air of Baroque. In the front of the congregational space 
are oval stairs with curvilinear rails, another Baroque element. The molded, 
curved and concave-convex floor cornices of the structure can be seen all 
around the four walls of the sanctuary. The paintings in the green-curtained 
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trompe-l’oeil fresco on the lacunar ceiling of the entrance hall to the sultan’s 
pavilion is one of the elements that brings a tantalizing Baroque flavor to the 
building (Saner, Keskin 2014, 271) (Fig. 13). The green and red baldachin, 
with its curtain set into the trompe l’oeil style can be seen inside the dome and 
in the pendentives. These elements together give the structure an integrated 
composition. As in Nusretiye Mosque, here too the sanctuary of the mosque 
is in the Baroque style amid historicist elements, whereas the sultan’s 
pavilion has been designed in the Neo-classic style.  

Another mosque standing out in 19th century eclecticism that reveals 
hints of the Baroque is Küçük Mecidiye Mosque, commissioned in 1848 by 
Sultan Abdülmecid to the architect Garabet Amira Balyan. The plan construct 
of Ortaköy Mosque is repeated here but the sultan’s pavilion (kasr-i 
hümayun) in front of the mosque is a mass that has two apartments, the ends 
of which have been rounded out into an oval that represents a magnificent 
Baroquian detail (Tuğlacı 1981, 196).  

 

Figure 14: Küçük Mecidiye Cami 
(Aslanapa 2003, Fig. 76). 

This wing has thus been turned into 
two ovally designed rooms (Figs 14, 
15). The facades of the single-domed 
square sanctuary have again been 
shaped with the suspended arches 
that are characteristic of the period, 
and in the center of the facades is a 
floor cornice with a richly molded 
profile (Fig. 15). The surfaces of the 
walls portray a sense of motion with 
their concave and convex volumes 
in the Baroque style. The floor 
cornice with the moldings separates 
the two floors and are accompanied 
by pilasters resting on high pedestals. 

The fragmented surface construct and the Baroque emphasis are very 
strong elements in this building, but its most interesting part are the round 
arched windows boasting of a serliana motif at the center of the upper floor 
facades (Fig. 15). Another Baroque statement in this structure is the design of 
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the weight towers on top of the wall buttresses at the four corners of the 
square sanctuary. These decorative towers constitute the most conspicuous 
plastic elements of the building and have been adorned with consoles 
embellished with acanthus leaves (Fig. 15). 

  

Figure 15: Küçük Mecidiye Mosque (Mustaf Cambaz). 

TOMBS  
The Baroque style was also used in the tombs of the period. Among the 

most famous Baroque tombs of the period are the Tomb of Mustafa III in 
Laleli, Mihrişah Sultan Türbe in Eyüp, Şah Sultan Türbe (commissioned in 
1800 to the architect İbrahim Kamil Agha in the name of the daughter of 
Sultan Mustafa III, also the sister of Selim III) and Nakşidil Sultan Türbe in 
Fatih. All of these tombs were built is the classical Ottoman tomb 
architectural style in terms of mass geometry, but the decorative repertoire 
reveals the Baroque features that were popular in that period.  

Although a late example (1817) in the period, the tomb in Eyüp of 
Nakşidil Sultan, the mother of Sultan Mahmud II and wife of Abdülhamid I, 
exhibits a strong Baroque influence (Eyice 1981, 166). The curvilinear, 
intensively molded floor cornices of the structure, the wavy and molded 
cornice on the eaves, the oval windows, convex dome buttresses, pilasters 
with molded capitals decorated with acanthus leaves and the window arches 
in the lower row are all forms that are features of the Baroque style (Fig. 16).  

Another tomb of the period is the Tomb of Mihrişah Sultan in Eyüp, 
which was commissioned to the architect Tahir Agha in the name of the 
mother of Selim III. The tomb lies on the southwestern end of the kulliye and 
was completed in 1794. The tomb is situated on a twelve-corner plan and each 
corner has been designed in the convex form characteristic of Baroque. The 
structure stands on a two-step marble base and there are three profiled but 
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undecorated and curvilinear cornices separating the base from the body (Fig 
16). The corners of the tomb are separated by pilasters set upon high pedestals 
resting onimposts settled into concave surfaces. On the upper floors, there are 
acanthus leaves in the shape of consoles on top of the pilasters (Arel 1975, 88). 
In-between the pilasters are windows with münhani arches. The keystones of 
the window arches are striking with their shell motifs (Gültekin 1994, 459). 
The convex dome has again convex supporting buttresses decorated with 
curved acanthus leaves.  

  

Figure 16: The Tomb of Nakşidil Sultan (URL 6). Eyüp The Tomb of Mihrişah 
Sultan (Mustafa Cambaz) 

Another important tomb, or türbe, of the period is Şehsuvar Valide Sultan 
Türbe, located in the Nur-u Osmaniye kulliye. Situated adjacent to the 
Library, the türbe comprises a square-planned revak with münhani arches 
and column capitals that characterize the Baroque period. The front and back 
eaves of the tomb are of curvilinear form and have cornices with moldings. 
The high drum of the türbe is supported by a convex buttress of molding. The 
hoop of the dome is on a slanted plan and around the dome winds a large 
Baroque cornice (Kuban 1954, 37). 

LIBRARIES 

Another group of structures in which the Baroque style has been used in 
Ottoman architecture is the group of libraries. The first of these worthy of 
note is the Nur-u Osmaniye kulliye library, which is striking due to the 
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Baroque arrangement of its masses. The motion seen in the curvilinear walls 
with their pilasters of molded capitals and the horizontal oval plan make this 
structure one of the most exquisite examples of Turkish Baroque architecture. 
With a columned corridor (ambulatory) in the interior circling the central 
dome, the structure is a Baroque interpretation of the classic and basic 
Ottoman architectural plan of an oval central sofa with a dome and four iwans 
(Fig. 17). A polygonal riwak can be found in front of the library. The top 
windows of the buildings are again in the Baroque style and feature slanted 
(münhani) arches. The stairs in the library are fragmented, referencing the 
Baroque. The molded pilasters rising up to the eaves, the breaks or 
unevenness in the walls and the asymmetrical mass are Baroque elements 
that strike the eye (Koç,1994, 104). 

  

Figure 17: Nur-u Osmaniye Library (Koç 1994, 104) (Formgroup) 

Another library that reflects the spirit of Baroque in spatial design is the 
library commissioned by Atıf Mustafa Efendi, one of the provincial treasurers 
of the era of Mahmud I. Atıf Mustafa Efendi had this library built in Vefa in 
1741 to house his own books; it can be accepted as the first application of the 
Ottoman Baroque style (Kuban 2007, 561). The meşruta (or entailed houses, 
meaning that heirs were allowed to live in these houses on provision that they 
would not sell them) adjacent to the library had high exterior facades and the 
top floor of the three-story houses were projected on consoles set on 
projections (Eyice 1994a, 399) (Fig. 18). The library is located in the central 
courtyard of these houses. The broad and shallow plan of the building turns 
at an polygonal oval on the short-sided façade. In the center of the structures 
is a large central salon (sofa) that is square and covered with cavetto vaulting. 
In the direction that this central sofa turns toward the polygonal oval are five 



329 
 

iwans with cavetto vaults that serve as reading rooms. There are davenports 
or platforms in the iwans. The polygonal oval west corner of the structure is 
on a broad and shallow plan and its main body projects out toward the west. 
Joining a rectangular prism to a polygonal outer mass designed within the 
contours of a half-ellipse and using these spaces as functional areas circling a 
central sofa in the plan was a form that was foreign to Ottoman architecture 
(Kuban 2007, 561). The building, whose architect is unknown, has a central 
sofa covered with cavetto vaulting and is separated from the book niches in 
the polygonal area by a revak. The very well-illuminated reading niches are 
to be differentiated as special references to the Baroque style.  

  

Figure 18: Atıf Mustafa Efendi Library (Kuban 2006, 561). 
 

CIVIL ARCHITECTURE: PALACES AND RESIDENCES 

The most beautiful examples of the Baroque style in Ottoman civil 
architecture can be seen in the rooms, salons and pavilions (köşks) and the 
residences in the capital built by the sultans and princes in Topkapı Palace 
according to the tastes and styles of the day. Some of the rooms in Topkapı 
Palce where major Baroque-style decorative elements can be seen are the 
School of the Sultan’s Sons, the Classroom of the School of the Sultan’s Sons, 
the Sultan’s Sofa, the Apartment of the Sultan’s Mother, the Rooms belonging 
to Abdülhamid I and Selim III and the Köşk of Osman III. 

The bedrooms in Topkapı Palace of Abdülhamid I and Selim III reveal 
some of the most elegant examples of this style, all created by foreign artists 
(Kuban 1994, 63). The chamber of Mihrişah Valide Sultan in the Harem 
Apartments in Topkapı Palace is striking with its “Rocaille” decorations. As 
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in the European Gardens of Topkapı Palace in this period, Selim III had some 
rare types of trees planted here as well; foreign gardeners were appointed to 
work in the landscaping of the palace gardens. It can also be seen in this 
period too that symmetrical beds of grass were laid out and trees were 
planted intermittently on this green lawn. The popular Baroque-Rococo 
styles of the time were also used in the “practice room” where Selim III used 
to practice his music in Topkapı Palace (Fig. 19). The fountains of the Topkapı 
Palace Sultan’s Sofa, built in the era of Abdülhamid I, also reflect the Baroque-
Rococo design. In this period too, the tile-based stoves of the classic Turkish 
hearth were abandoned for hearths set out in the elaborate Baroque-Rococo 
style. Especially in the time of Selim III, fireplaces and hearths completely 
branch off from their traditional typologies (Fig. 19).  

  

Figure 19: Topkapı Sarayı Practice Room of Selim III – A hearth in the 
apartment of Selim III (URL 7). 

The stone-paved floor in front of the Topkapı Palace Sultan’s Sofa started 
to be laid out while Osman III was having the Köşk of Osman III built during 
the time of Mahmud I, but since it was completed in 1755, it was called the 
Kösk of Osman III (Okçuoğlu 1994, 157). This is another major residential 
example of the period whose date of building can be traced, and its plan 
layout features some new elements that have virtually changed the concept 
of interior design. While the layout of the köşk contains a traditional two-
room divanhane scheme, the interior decoration is of Baroque design. The 
walls have been separated by pilasters and all of the available areas in the 
wooden structure have been fitted with two rows of windows (Batur 1985, 
1043). The windows on top are embellished with Rococo lines. The kösk 
projects over the walls of the Harem in the south. Its sofa looks out over an 
interior garden with a pool and has a wide entrance that is covered with 
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curvilinear wooden eaves that reveal the Baroque influence (Fig. 20). On the 
right and left of the facade are fountains on each side, again constructed in 
the Baroque style. The interior of the köşk, the ceiling and walls have been 
decorated entirely in the Baroque style and the “C”-curved oval windows 
point to an intensive Baroque reference. The two rooms on either side of the 
Divanhane have been adorned in the Baroque style and the oval form of the 
top windows are visibly Baroque. 

 

 

Figure 20: Topkapı Palace Kösk of Osman III. Upper front facade Lower back 
facade (Güryapı) 

The Baroque elements contained in 19th century eclecticism can be 
spotted in the palaces of the period as well. One of the major structures of the 
19th century is Abdülmecid’s Dolmabahçe Palace. The heavy but tasteful 
Baroque influence in the eclectic form of this structure also reflect Rococo, 
Empire, Orientalist and New-classic designs. Commissioned to Garabet 
Amira and his son Nigogos Balyan by Sultan Abdülmecit I, the palace was 
built in the years 1853-11855 and the principle behind its arrangement is 
based on definitive symmetry and establishing an axial vista (Tuğlacı 1981, 
70). The scheme of this imperial palace displays an open form that 
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encompasses structures on a wide perspective. On the other hand, definitive 
symmetry and an axial vista have not been guiding principles in the 
Dolmabahçe format (Batur 1985a, 1069). At the same time, despite the high 
walls of the Palace, the structures captured in an impressive wide perspective 
inside those walls were in fact characterized by an open arrangement. The 
three-story palace has 285 rooms, forty-three salons, six balconies and six 
bathhouses (hammams). The main parts of the Palace are the Mabeyn, 
Muayede (Ceremonial) Salon, the Sultan’s Apartment, the Apartments of the 
Sultan’s Mother, the Apartment of the Sultan’s Heir, the Princes’ Apartments 
and the Kadınefendiler Apartments (Tuğlacı 1981, 71). The Mabeyn-i 
Hümayun and Harem Apartments are made up of the considerably large 
areas of the Medhal Salon, Süfera Salon, the Merdiven (Stairs) Salon, 
Zülveçhey Salon, Küçük Binek (Riding) Salon, Muayede Salon and Mavi 
(Blue) Salon (Fig 21).  

 

Figure 21: Dolmabahçe Palace Muayede Salon (URL 8). 

There are also a large number of annexes to the palace. While the 
grounds of the palace lie on a linear arrangement on an axis parallel to the 
sea, with gardens and courtyards separated by high walls, the side facing the 
sea stands as an uninterrupted whole (Tuğlacı 1981, 73). The plan typology 
of the palace design reveals Turkish house schemes used in the large salons, 
in the apartments and in the central halls. The layout generally adopted in 
the palace decorative program has been a sofa in the shape of a cross with 
four or two iwans or a type of plan that incorporates an inner sofa, all of 
which stand out with an eclecticism that is dominated by the Baroque. The 
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language of decoration in these spaces is indeed a concentrated eclectic style 
that includes Rococo, Empire, the Neo-classic and Ecole de Beaux Arts. The 
grand gate to the palace, the Sultan’s Gate, and the other ten gates are all 
highly embellished areas that speak the artistic language of Baroque. Doors 
are in oval form and have been embedded in recesses (Batur 1985a, 1070). 

The decoration of the structure is rich and flowing with motion. The 
entire structure embodies a heavily concentrated display of decorativism. 
Rich moldings, eave cornices, pilasters, pairs of pilasters with antique column 
capitals, highly profiled pilasters, pilasters resting onhigh pedestals, ”S” and 
“C” motifs, gold leaves, oval medallions, cartouches, bent surfaces, polygonal 
diffractions, concave and convex wall surfaces, seashells, rustic arches, floor 
cornices, walls separated with pilasters and keystoned round arches and 
concave perspectives are all parts of the general decorative repertoire that 
reveals the motion and elements of Baroque that strike the eye. These 
decorative arrangements, which provide spaces and surfaces with varying 
dimensions, represent a clearly defined Baroque approach. The Muayede 
Salon is a space that carries the most conspicuous flavor of Baroque. With no 
surfaces left bare, the Baroque-concentrated eclectic style of this decorated 
salon feature provide a pleasant surprise in the trompe l’oeil art on the 
pendentives in the room. 

The construct of some of the salons are oval in the Baroque style. The first 
of these is the first central hall called the Mabeyn Salon. A cross-shaped space, 
the corners of the central space of this salon have been rounded over with 
fireplaces and turned into an oval form (Batur 1985a, 1071). Another spatial 
unit that carries Baroque characteristics is the central hall of the Küçük Binek 
Salon. This oval shape has been created by slightly bending the long sides of 
the rectangle in the middle. The oval form is reflected by mirrors embedded 
into the insides of the arches to create a small optical illusion that makes it 
more conspicuous (Batur 1985a, 1072). There are other halls in other parts of 
the palace that are of oval form. The Muayede Salon, which is at a central 
position in the design of the palace, both in terms of dimension and location, 
has oyster-shell niches on its walls that point to a concave Baroque influence. 
The palace’s famous “Crystal Stairs” that open out to three sides is in the 
Baroque style and its central platform has four branches that stand out in a 
skewed oval form are other characteristic elements of Baroque design.  

Beylerbeyi Palace, commissioned by Sultan Abdülaziz to Sarkis Balyan 
in the years 1861-1865, is another structure in which the Baroque influence is 
seen intermittently within the more dominant program of Orientalist design, 
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set in the eclectic style of 19th century Ottoman palace architectural 
decoration. It has two stories over the basement, twenty-three rooms and six 
salons. The palace boasts of the world’s most beautiful Baroque-style 
staircase, and on the facade can be seen profiled floor cornices, double-
pilasters and concave surfaces that hint of the Neo-Baroque concept (Fig. 22).  

 
Figure 22: Beylerbeyi Palace Baroque Staircase (Mustafa Cambaz) 

The last group of structures that portray applications of the Baroque in 
Ottoman architecture is the group of residences that make up the 
physiognomy of the city center. While in this period, local culture was 
represented by functional, simplistic residential architecture created by 
ordinary commoners from among the impoverished local inhabitants (Kuban 
1994a, 234), the new cultural elements imported from the West made their 
way into an richly embellished residential design. In this period, when old 
lifestyles were being abandoned, ground floors of houses started opening out 
into the street and open-air balconies became popular in the scheme of 
residential architecture in Istanbul. The facades of houses started to harbor 
dominant flavors of western styles that featured arrangements of Baroque 
cornices, pilasters and classic columns.  

The new houses being built around the palaces of the sultans in 
particular were known to be adorned with Baroque-style interior decoration 
that was incorporated into Ottoman residential architecture. Dallaway, 
visiting Istanbul at the end of the 18th century, describes his astonishment at 
the Louis XV style decorative features of the Palaces (Kuban 1994, 65). Most 
of these palaces have since been demolished but an engraving of the interior 
of a salon created by Allom for the Esma Sultan Palace in Eyüp clearly shows 
the extent of the extravagance of Baroque-Rococo decorations adopted in the 
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palaces of Istanbul (Fig. 23).  

 

Figure 23: Allom Eyüp Esma Sultan Palace engraving (URL 9). 

On the other hand, in opposition to the extraordinary opulence of this 
interior decoration, the architecture of the exterior of wooden palaces kept 
their simple and traditional lines (Kuban 2015). Thanks to Melling’s 
engravings, we are able to see the extraordinary city landscape and the jewels 
of the Golden Horn and Bosphorus that were the wooden palaces and shore-
palaces belonging to the sultan, members of royalty and statesmen (Kuban 
1994a, 232). One of these is Beşiktaş Hatice Sultan Palace, built by Melling for 
Hatice Sultan, the sister of Selim III. Here, both interior and exterior 
ornamentation carries Baroque characteristics (Kuban 1954, 74). 

Starting from the end of the 18th century, a new and rich residential style 
unique to the capital (Istanbul) emerged, incorporating the fundamental 
elements of traditional residential architecture on the one side but also 
sensitive to western influence, reflecting this in its divergence from the 
traditional and the modest in terms of dimension (Kuban 1994a, 233). The 
Palace opened out io the west, inviting western artists into its realm after the 
first half of the 18th century. It was first decorative arts that were influenced 
and then, after the Reformation (Tanzimat, 1839), general house design was 
inspired by western examples, leading to a synthesis of the traditional and 
the western that developed into an eclectic pattern of design (Kuban 1994a, 
233). These houses boasted of the eclectic style and particularly in the period 
of Abdülhamid II (1876-1909) and afterwards, the traditional lost ground and 
plans and decorations used in the new types of houses began to be imported 
directly from the Neo-Gothic, Neo-Baroque, Art Nouveau and Art Deco 
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styles of the west (Kuban 1994a, 233).  
In the 18th and 19th centuries, Istanbul’s leading statesmen, wealthy 

citizens and aristocrats used these western architectural and decorative tastes 
in their houses. This period was characterized by middle sofas on an elliptic 
(beyzi) layout in large waterfront houses and mansions with central sofas, this 
being one of the most prominent Baroque elements of design in the 18th and 
19th centuries. These structures were built on a central plan that carried 
proportional and decorative features of western character and their 
widespread construction throughout Istanbul opened up a new page in the 
city’s residential culture. Sedad Hakkı Eldem says that the beyzi central sofa 
plan type was extensively used in the time of Mahmud II (Eldem 1954, 145; 
1984: 98). Structures dated to the 19th century, such as Beylerbeyi Hasip 
Pasha Waterfront Mansion, Nispetiye Köşkü, Prenses Rukiye, Sarayburnu 
Şevkiye Kösk as well as Çengelköy Sadullah Pasha Waterfront Mansion have 
a Baroque-influenced oval (beyzi) central sofa on their upper floors. Şevkiye 
Köşkü, dated to 1791, had a Baroque garden which no longer exists but has 
been documented in engravings, and the structure also has a considerably 
large (longer side, 26 m.) oval central sofa (Batur 1985, 1046). The smaller-
scale Sadullah Pasha Waterfront Mansion dated to the 18th century in 
Çengelköy has two stories and on the top floor is a beyzi central sofa running 
parallel to the sea along its length (Fig. 24).  

There are rooms situated at the corners of the sofa in this axially 
symmetric structure. The three iwans with platforms (seki) that look out over 
the Bosphorus and garden are of an oval form that is in keeping with Baroque 
style (Kuban, 2001, 98). 

Another structure in which the Baroque-style motif of the beyzi plan has 
been used is Hasip Pasha Waterfront Mansion, dated to the first half of the 
19th century and situated about 200 m. to the north of the Beylerbeyi Boat 
Landing. The two-story structure has a resplendent Baroque-style elliptic 
sofa on each floor, a feature that became the fashion in the latter part of the 
18th century (Eldem 1984, 218).  
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Figure 24: Upper Floor Plan and elliptic central sofa of Çengelköy Sadullah 
Pasha Waterfront Mansion (Eldem 1984, 218). Interior (URL 10). 

The sofa opens out into the iwans with triple arches. The two iwans 
reciprocally serve the function of being a staircase sofa. Between the iwans at 
the corners are apartments with their own small inner halls. These corner 
apartments have been designed to project outwards. The oval/elliptic sofa 
forms the nucleus of the design. Another example in the group of waterfront 
houses and mansions is Nispetiye Kasrı (Pavilion) on the hills of Bebek. The 
Baroque influence can be felt in the layout of this structure, whose focus of 
design is the sofa with its beyzi plan (Tanman 1994a, 81) (Fig. 25). 

  

Figure 25: Upper floor plan of the Harem Section of Hasip Pasha Waterfront 
Mansion, Beylerbeyi (Kargı, 1997, 382). Upper floor plan of Nispetiye Kasrı 
(Kuban 1994a, 230).  
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The kiosks of this period no longer carry the Bursa arches with their sofa 
posts; they are built in the bağdadi technique and have Baroque arches. The 
undersides of the projections and the eaves are plastered with uneven-
surfaced bağdadi and the hearth chimney hood has Baroque curves of plaster 
or marble. The facades are enriched with wooden moldings and the shelves 
and railings are curvilinear.  

Conclusion 

The Baroque style made its way into Ottoman architecture at the 
beginning of the 18th century, soon carving its influence on all different types 
of structures. Its influence predominantly apparent in decorative arts, the 
Baroque style of the period also had an impact on layout and mass 
organization. Layout plans were generally based on Ottoman schemes but 
the curvilinear forms and indented walls, oval spaces, curving and twisting 
roofs of the Baroque were considered spatial innovations. In this period as 
well, Baroque design had an impact on stair design. However, the artistic 
elements coming in from the west were mostly synthesized with a more 
classic Ottoman architectural style, an effort being made to fit Baroque form 
into Ottoman design patterns, thereby creating a unique interpretation of the 
Baroque in Ottoman architecture. 
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INTRODUCTION 

On July 20, 1969, human set foot on the moon for the first time and today 
they set their sights on a new planet, Mars. But this time, just as Neil 
Armstrong did, instead of leaving a simple footprint, he took a bigger step 
forward: a successful and durable habitat with the help of architectural 
designs on the surface of the planet with the colonization and terraformation 
of Mars. It is estimated that the manned Mars mission will last approximately 
three years. In such a long-term project, a human element must be taken into 
consideration. A broad, supportive environment may help to manage socio-
psychological problems that exist in isolated and confined environments. The 
studies come up with this issue and Martian base prototype has been created 
as an eco-friendly environment for human. 

The physical and psychological well-being of Mars colonists can be 
significantly increased by appropriate architectural analysis to be designed. 
Because the human factor is as important here, technological problems and 
people cannot stay in a cramped and disturbing capsule for more than two 
and a half years. For this reason, the main purpose of the Mars bases to be 
designed is to design sustainable and livable architectural living spaces for 
people living in extreme conditions in order to facilitate the development of 
a community that can be implemented by a small group living in isolation, 



343 
 

within the realistic engineering constraints of security, efficiency and 
extensibility. 

There is a very major issue for a human element in the architectural 
design. Even quite bad situations can be accepted by individuals but just for 
a limited amount of time. Nevertheless, it is estimated that the mission to 
Mars will last about three years. It’s a hazardous and exhausting voyage: 
marsonauts will be alone, far from Earth, with several complicated tasks to 
take out, depending on each other only. In this scenario, careful consideration 
should be given to the human factor. The more human-friendly living room, 
the greater the occupants’ well-being, is confirmed. The “Marsonauts” would 
indeed be able to work more easily in safe circumstances. Therefore, there is 
a decreased risk of failed mission. Researchers in the scientific literature also 
identified possible solutions for space habitats and human friendly 
construction (Curreri and Detweiler 2011; Schlacht et al. 2016). In extreme 
circumstances, some of these approaches have been effectively applied in 
ecosystems (Jiang et al. 2018). Based on that evidence and constraints 
applicable to the Mars mission, architects established the Martian base 
concept in extreme environments as a human friendly environment. 

MATERIALS AND METHODS 

Designing architectural habitats that marsonauts can live simultaneously 
with an architecture that compatible with the extreme conditions of the planet 
Mars. The designs, which will be three stage, are joined together, creating a 
living space where 24 marsonaut can live in the first stage, 144 marsonaut in 
the second stage and 864 marsonaut in the third stage. 

Literature search was made based on NASA’s Mars activities guides, 
academic thesis and articles about the conceptual Martian architecture. When 
NASA Mars criteria are examined, it is determined that the journeys will be 
with long-term and limited number of marsonauts. For this reason, it has 
been thought by the author to develop structure designs over time, by joining 
each other. These addition structures can be easily solved by designing in a 
hexagonal fractal order. Limitations of the concept architectural project have 
been determined and designed by making use of the researches made by 
NASA. 

The project is quite innovative compared to Mars projects designed to 
date. Inspired by the hives of the honey bees in nature, hexagonal structures 
with different functions have been joined together to form the smallest 
collective living unit called “Module”. Six Modules, combined with a 
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hexagonal fractal expansion, formed the second stage collective living area 
called “District”. In the final stage, hexagonal fractal expansion is reused, and 
all six districts come together and “Hive” is created. 

ENVIRONMENTAL CONDITIONS OF MARS 

When the environmental conditions of Mars are compared with Earth, 
extreme features appear. The wind produces dust and dunes which are 
harmful for a building of the Martian habitat. There are also many craters. 
Besides, Mars is an alien environment and the circumstances on Earth differ 
dramatically. People are not used to residing in such conditions. 

There is too thin atmosphere and too little oxygen for adequate 
respiration. Also, lack of moisture can dry the skin quickly at the outdoor 
environment. Therefore, the absence of liquid water prohibits the supply of 
water directly to drink, shower and irrigation. In the short term, low 
temperatures and often rapid temperature changes will cause the body to 
refrigerate rapidly and decrease its endurance Martian dust can enter the 
lung in the atmosphere during respiration in the soil, causing scratches and 
harm in internal organs. Electrified particles of dust rushing in sandstorms 
will contribute to abrasion and an unwanted electrostatic discharge. Surface 
dwelling during solar storms can present a life threat due to a lethal dose of 
radiation or a radiation disease. Long-term radiation exposure on the soil of 
Mars can lead and raise the risk of radiation disease and cancer, specifically 
in higher soil (Cucinotta et al. 2010). 

Chemical hazard may also occur on Mars. Also, there is taken into 
consideration a danger of prokaryote extraterrestrials that may occur on the 
planet (Cucinotta et al. 2013). There are several ways to protect a biological 
being against the hazard described above, giving it safety at diversified levels 
of sophistication: Martian suit, staff vehicle (MPV), provisional shelter, a 
small habitat (station) and a big habitat (base). 

DESIGN OF THE STRUCTURES 

The Martian environment depicted in Reference Mission is a tiny metal 
container with a diameter of 8 m and a height of 8 m. Eight people are 
expected to work and live there for the entire three-year mission. In the 
opinion of researchers (Race et al. 2008), taking into account the human 
element in the long-term Mars mission, a logical architectural envisagement 
and improving ecosystem design is significant. 

While designing a living space for the Mars colony, expendable buildings 
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were used. Expendable buildings are lightweight and can be easily folded 
into small containers. Hence, they are the most valuable structures delivered 
from Earth to Mars. It needs almost no technicians to assemble them, and it 
is easy to use it. It can be completely robotized the entire process. These 
structures have been tested many times in space. Due to their characteristics, 
they can be used in various ways on the Mars while constructing the Martian 
base of the marsonauts. 

Researchers (Wapniak et al. 2007; Jiang et al. 2018) also have preferred to 
build a Martian-based architecture system based on certain major 
architectural design objectives. What should be designed for the marsonauts 
are large adjustable living spaces with private customized space for each one 
of them. In addition, designs should be created by taking into consideration 
the elements such as interaction with sunlight, view of the land and the 
environment. All these concept designs must have architectural living spaces, 
such as exercise, noise and quiet rooms, independent of each other. For the 
transformation of interior spaces to different functions, the ability to switch 
and change the partition walls and to customize designs by adding new 
components should be the main focus of the architectural solution. 

The use of translucent or cross-linked coverings and panels will have a 
major impact on the positive reception of overall aesthetic appeal. This allows 
the sunlight to enter the base and an illuminated structure may be easy for 
the returning marsonauts during the night. Many remarkable light effects 
could be observed on the membrane, which can help create a certain amount 
of variation inside the setting. The best type of expandable buildings that can 
be transferred from Earth are inflatable buildings. Lightweight, quick to carry 
close membranes consume a small amount of luggage in the rocket and then 
they provide an immense living area. If the transport rocket fails during 
docking, it is not damage-sensitive, as it is not easy. 

Also, expandable structures are quite long-lasting. It is worth 
remembering that there could be very large differences in pressures in the 
buildings there. The surfaces are made of highly flexible and expandable 
components. In order to provide their protection, the contact places should 
always be carefully orchestrated. The use of overlapping coats of several 
layers may partially avoid the issue. The gas could also be circulated between 
the coatings under reducing pressure starting from the inside coat. 

A wider ecosystem may be a bigger issue. Therefore, multiple design 
principles were described by the developers that should mitigate 
construction-related problems on the surface. As with the NASA Reference 



346 
 

Mission, migration must take place in a particular mission unit. It should be 
extremely easy shipping. Besides, simple and automatic installation is 
required. Finally, exclude ground correction before deployment and a flat 
ground should be provided. 

A deadweight of Martian structures may be lower due to low gravity. 
Because of the gravitational situation, huge and big structures can be 
constructed. On the other hand, the structures must be really deeply balanced 
in the field of Mars sites. Pressed ballast, strong anchorage, or partial earth 
sheltering, can be achieved. Throughout the trip to Mars, the majority of the 
habitat is stored inside of the tank, and there is no need for more rocket space. 
The mass is also not any heavier as the compressed components are 
constructed of thin flexible substances. Domes are very easy to install – they 
only need to be filled with the artificial gas. Inflatable structures get a bunch 
of free room. There is sufficient space between domes for ergonomic contact 
roads. This provides for efficient zoning by splitting the urban region up into 
multiple distinct parts. The structures are linked to easy access routes, 
resulting in fast evacuation and improved use of usable habitat space. 

THE PROJECT 

The design of this project was created with inspiration from beehives 
formed by combining hexagonal forms. The project has been called the “Mars 
Hive” due to the nature inspiration. The Mars Hive is also set as the 
maximum level that the project can go up to. The Mars Hives will come 
together to help build the first Mars settlements of the colonists. 

 
Figure 1: The conceptual sketches of the sector that explains the 
improvement from first step to final. 

Architectural Approach 

The concept is based on analysis on Mars’ harsh conditions, isolated and 
confined environment architecture, and contemporary construction systems. 
The base is made up of five subsystems. They consist of the Living Quarters 
(LQ), an Agricultural Center (AC), a Laboratory Center (LC), a Central Core 
(CC), and a Garage (G). Each feature has a legitimate purpose of its own. The 
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plan of the authors’ conceptual Martian base is shown in Figure1. The design 
that created based on hexagonal beehive form consists of six elements: 

• Living Quarters Core (2 floors), d= 2x3 m, A= 2x48 m2 
• Laboratory Center, d= 4.5 m, A= 96 m2 
• Agriculture Center, d= 4.5 m, A= 96 m2 
• Central Core, d= 18 m, A= 144 m2 
• Shelter and Cockpit, d= 3 m, A= 96 m2 
• Garage, d= 4.5 m, A= 48 m2 

In total; the ground floor is 528 m², the first floor is 144 m², the basement 
floor is 96 m², and the social area that uses the terrace of the Living Quarters, 
as if it is the second floor, sits on a 144 m² area. The steel Central Core is in 
the center. It has two shelter entry points: The first one is for foot 
“marsonauts” and the other one is for docking unit of the Mars Pressurized 
Vehicle (MPV). The CC is equipped with elastic sleeves. Three steel inflatable 
domes are moved through: Dome of Agriculture Center, Living Quarters and 
Dome of Laboratory Center. 

Each element has physically different areas, as the terms indicate: 
greenhouse, home and work. They are divided to offer a pleasant feeling of 
coming home and going to work. AC is the largest dome with the LC. These 
are less sunlit, however they are still shielded from radiation. The Garage is 
a long hut where it is possible to keep the MPV and protect it from dust. It is 
attached to the LC, and it would be easy to bring specimens to a facility for 
analysis from the car. A workshop area is also placed near the G passage in 
the LC. The MPV has quick access to both the G and the Tunnel Corridor. 
Every module has three points where it is possible to install a lock. This 
approach would allow future expansion of the foundation. 

Architectural Design 

A sector that can accommodate 24 marsonauts at the same time grows in 
hexagonal form with a fractal proliferation. The six sectors come together in 
a hexagonal form and come together and form a district. A total of 144 
marsonauts live in one district. There are 6 agricultural centers, 6 laboratory 
centers and 6 garages and MPV vehicles in each district. Just like the 6 sectors 
forming a district, finally, 6 districts growing in a fractal form on the 
hexagonal form come to the “Mars Hive” level, which is considered to be the 
last step of the project, where 864 colonists can live simultaneously. Those 
three development levels are shown in the Figure 2. 
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Figure 2: The development stages from Sector to the Hive level. 

 

 
Figure 3: The isometric view of the sector. 

 
The project is created by growing in a fractal manner with the 

combination of life modules, sectors and districts. A living module consists 
of 2 floors in total and 4 separate rooms where 2 marsonaut can stay in each 
room. Therefore, a total of 8 marsonauts can remain in a living module. In 
one sector, there are 3 living modules that can accommodate 24 people in 
total, an agricultural center sufficient to feed these marsounauts, a laboratory 
center where everyone can work at the same time, a garage and MPV vehicle for the 
marsonauts to use. 
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Figure 4: The floor plans of the sector. 

In the Living Quarters, the private cabins, bathrooms and kitchens in the 
living area should always be taken into account. Different recreational 
facilities should be considered in the functional plan of the base, because 
more entertainment and recreation will give the inhabitants greater 
psychological comfort. The basis for designing the Martian base should be an 
optimum functional plan. Flexible space is nevertheless essential. The more 
free the base is to be formed, the more open it will be for the inhabitants’ 
purposes and ideas. Some of the functions require unqualified protection 
from hazardous radiation, other functions, such as the shelters constructed 
deep beneath the ground and the greenhouses under the geodesic styled 
transparent steel dome roof. 

 
Figure 5: The isometric plan oblique and architectural plan of the Living 

Quarters. 
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Figure 6: The architectural plan and isometric plan oblique of the 

Laboratory Center. 
 

 
Figure 7: The architectural plan and isometric plan oblique of the 

Agriculture Center. 
 

The Tunnel Corridor of connectivity are to be determined. The most 
efficient way to move from A to B should be clear and straightforward. The 
main routes of transport will be diversion paths at the same time so that they 
are faster, larger and successful in receiving traffic from small roads. The 
communications network primarily depends on the size, the shape and the 
connections between building units. Also, the communication routes can be 
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planned in greater space than in small modules, particularly when the 
doorways are planned firmly. 

The Central Core is comparable to the Reference Mission module as a 
stainless-steel capsule. The centers are multilayer inflatable frameworks 
which are “open scheduled” indoors. Utilizing modular partition walls 
designed by researchers, interiors can be organized and partitioned into 
spaces. Multiple medical, sociological and psychological disorders have been 
recorded in isolated and strictly limited settings such as space, arctic and 
submarine stations (Dudley-Rowley et al. 2001; Allen et al. 2003). The most 
prominent are anxiety, nausea, home sickness, concentrating issues. Besides, 
hallucinations, insomnia, nervous collapse, violence are uncommon but more 
problematic. Due to limited standards of living, such as cramped living space, 
synthetic environment, lack of proper conveniences: sunshine, scenic view 
and privacy, such problems occur. 

 
Figure 8: The plan oblique of the sector. The CC is a metal container. 
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The central hallway and airlocks are positioned on the ground level. The 
domes are packed in the tunnels during transfer to the Martian surface. There 
is a shelter at the basement level, where “marsonauts” can cover during solar 
incidents. It is covered by a fresh water tank that is 1,5 m deep. Also, at the 
basement floor, there is a technical quarter (cockpit), the ALSS (Advanced 
Life Support System) facilities (Henninger et al. 1996) and the nuclear reactor 
that provides electricity to the base. 

The AC is the base’s largest module with the LC. It is equipped with a 
Biological Life Support System. The extracted plants produce nutrition 
inside. Flowers are pollinated by bumblebees so they provide honey. Such 
insects’ attitude has already been studied at lower gravity (Yamashita et al. 
2010). Algae will absorb carbon dioxide to provide oxygen for breathing. 
When demonstrated by the BIOS-3 program, they are very profitable oxygen 
suppliers (Salisbury et al. 1997). For drinking water supply, pure vaporized 
water is stored in a tank. A robot will take care of harvests fully autonomous 
while members of the marsonauts are engaged in project assignments. 
Throughout the green natural environment there is a small recreational area 
near the area, since relationship with nature is very comfortable for 
individuals. Several storerooms can be used to storage of food and seedlings. 

The LQ has been planned as an “open plan”. This ensures the area is 
adjustable, so interior wall layout can be reorganized. The partition walls are 
structural components which are inflatable and they can be moved easily and 
therefore it is easy to design the operational arrangement in various 
combinations. The potential of modifying interior decorating provides 
comfort for individuals, so they have the ability to customize their private or 
social zone and it helps to prevent the monotony (Evans et al. 1988; Suedfeld 
1998). There are twelve separate personal rooms in the planned layout of the 
building, also there is a tiny kitchen in them. People prefer tiny private spaces 
in favor of greater public spaces, which was indicated by the studies that 
conducted in the Mars Analog Research Station program (Clancey 2002). As 
every individual has his / her own private room to rest, to be alone, to keep 
private stuff, it is proven to be very satisfying (Dudley-Rowley et al, 2001). 
There is a bed a desk with a chair and a wardrobe within each room. 
Marsonauts may approach from the recreational area or from the more 
personal internal passage to their quarters. The common area is well 
illuminated by the sun since it is located next to the large window. Looking 
via the windows is very satisfying, because so many manned spacecraft 
attendees have reported and contact with a sight of the view is provided 
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(Kanas 1998). There are numerous leisure places, and people may choose a 
way to enjoy their free time. 

The LC also has an “open plan”. There is one shared research space in 
the LC and two independent laboratories. A workshop is close the garage 
entrance so that the pieces of the vehicle and the scientific equipment can be 
attached with appropriate tools at the same location. An ambulatory is close 
to the entrance to the rest of the facility, helping the accident victim to be 
taken the quickest route possible. 

Interior Design 

There’s a wide space to accommodate under each dome. In order to split 
this area into ergonomic and practical spaces, partition walls are required. 
Researchers (Hinkle et al. 2011; Cadogan et al. 1999) engineered pneumatic 
modular partition walls and the framework of their attachments to assist the 
installation of inner walls and decrease the weight of the habitat machinery. 
Every partition wall is an inflatable rectangle which can be connected by 
sealing components with buttons to each other. There are concealed tiny 
access points in structural structure in the floor and in the suspended ceiling. 

Each wall can be attached to the roof and to the floor by using multiple 
support components to secure it internally, so it would not crumble. There 
are three varieties of walls: solid with a window and a door. Windows and 
doors are also components that can be inflated. Also, these provide doors of 
magnets, so the metal opening mechanism can be pressed to shut them down. 
Materials crafted by Spaceloft can provide the acoustic insulation inside the 
spaces. 

The base installation involves two types of systems: steel and pneumatic. 
The structure of CC is steel. It is equivalent to the LQ module and other space 
environments for manned space missions. Hence, it is accepted as a credible 
system by researchers, confirmed under severe extraterrestrial settings (Jiang 
et al. 2018; Allen et al. 2003). The majority of the environment modules 
described in this article have also pneumatic multilayer systems. That kind 
of systems for space appliances have already been examined. They are 
engineered from various flexible components that provide mechanical 
resilience, thermal insulation, preservation against radiation and hermetic 
sealing. In the design of the Martian habitat structure, shielding against 
micrometeorites is needless. Because the Martian atmosphere is thick enough 
to rip micrometeorites to the ground before they can hit. 
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Figure 9: Section A-A' of the Sector. 

 
Researchers (Zubrin and Wagner 1996; Dubbink 2002) believe that a 

central issue is to provide a larger space in the Martian ecosystem. Creating 
a large base, though, can be very costly. Researchers (Kozicka 2008; Benaroya 
2016) also identified two ways to minimize this risk backed by scientific 
studies. In the construction, the first one is using ISRU (In Situ Resources 
Utilization) technology on Mars (Noever et al. 1998). The second is bringing 
from Earth an expandable system (Cadogan et al. 1999). Researchers believe 
that the first approach is less in accordance with COSPAR guidance. Sealed 
properly, sterile structure built and checked on Earth would provide 
minimum biocontamination threat as a bio-shield for the Martian foundation. 
ISRU techniques are more intrusive of the natural environment and it would 
be harder to achieve hermetic protection of the structure made in situ. 
Researchers (Iai and Gertsch 2012; Freeland et al. 1998) have developed 
different approaches for the expandable system based on the measurements 
of the LQ module. The theory of three inflatable domes was selected as the 
ideal solution of all around the Central Core. The Central Core is a stainless-
steel cylinder with the same measurements as the LQ module. 

Plant species can be grown to transform Martian atmosphere into an 
oxygenated environment, without the use of any energy-consuming 
machinery, to create an increasingly accessible area for living beings. The 
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oxygen level in residential rooms can be well controlled by tiny green 
gardens. Researchers (Esfandabadia and Bannovab 2019; Meyen 2017) 
point out that plants can pollute the atmosphere with germs and organic 
mildew and fungi radicals, so that their direct introduction into the interior 
of the habitat should be thoroughly analysed in the context of safety 
precautions. 

 
Figure 10: Section Oblique B-B' of the sector. 

RESULTS 

The human element in the architecture of Mars’ long-term mission is 
essential. The staff’s well-being would aid in the effective governance of 
activities and the performance of the entire mission. Given many constraints 
arising from extreme situations on Mars and expense and weight limitations, 
a suitable architectural design will introduce the comfortable and human 
friendly climate in the Martian foundation. Researchers also provided the 
definition of such an ecosystem based on scientific evidence. The ideas 
proposed in the series are linked to current technical and architectural 



356 
 

accomplishments. Engineers need to put the specifications to completion and 
check an approximation of the system. 

Manned mission on Mars is a specific case for the space flight due to long 
term length of time. Thus, a human factor is just as relevant as technological 
issues. Researchers argue that people cannot live in a small and 
uncomfortable capsule for more than two and a half years (as a NASA 
international space program reports among others). There seems to be critical 
a human-friendly ecosystem. Many analyses of human activity in ICE 
indicate that the lower level of disputes can be found where there are more 
than a few individuals. A broader living area Martian base should therefore 
be built for a greater group. Different architectural design is required under 
severe Martian conditions. Researchers have therefore decided to carry out a 
range of detailed analyses related to the Martian architecture. 

DISCUSSION AND CONCLUSIONS  

This work concluded that the current knowledge about Mars and 
contemporary construction technologies allow for the development of 
several human-friendly settlements on the Mars. The architecture models 
described in this study provide evidence to support the researcher’s 
argument. Many technological devices may assess the physical and 
psychological wellbeing of the extraterrestrial base's inhabitants positively. 
The design project carried out by the researcher here demonstrates that a 
comparatively low expenditure is enough to build a safe, aesthetic and 
human-friendly structure which, in light of the actual needs, is also able to 
modify and expand arrangements. 

The single element steel modules that are attached together and can 
create a large, reliable Martian outpost. On the other hand, it is also a very 
risky option at the same time. To decrease costs, linked expandable modules 
must be taken into consideration. In Mars, there are known techniques which 
can be modified. The principles in outer space design demonstrate that these 
techniques can be used for habitat construction in various forms in multiple 
ways. Up to now, the study of both space and Mars design is a real inspiration 
for an architect, and will continue to increase after that. 
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INTRODUCTION 

The concept of space and architecture is the main subject of landscape 
architecture and interior design professional disciplines. It is also an 
indispensable feature of architectural products and it is the basic condition 
that creates an architectural product. When the elements of the space are 
considered, the items that limit the space can be classified as natural space, 
artificial space and mixed space depending on the nature of the elements that 
limit the space. Apart from this classification, the space that occurs as a result 
of covering part of the physical space with walls and ceiling is called indoor 
and the space outside is called outdoor (Aslan et al., 2015). 

People, who have been thinking of more products and a better life 
throughout the ages, have begun to change their environment gradually with 
the new techniques and methods they have developed in design, and to wear 
out applications that disrupt the natural environment as their needs increase. 
As a result of these practices, people's longing for green and nature has 
increased gradually. Unplanned and small parks, gardens or landscape areas 
with few successful examples in urban areas cannot meet this need. 

The world-famous architect Le Corbusier said ‘Space and light and 
order. Those are the things that men need just as much as they need bread or 
a place to sleep’. Good designs add different dimensions to the spaces. In 
addition to making our daily life easier, they add depth and meaning to the 
built environment. Qualified spaces in terms of design and implementation 
facilitate understanding of the project and such spatial experiences provide 
positive psychological effects (Dodsworth, Anderson, 2015). 

The use of plants in the interior is based on prehistoric periods. 
Following the changes in living conditions and technical developments, the 
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place is given to the plants in different places such as office, mall, hotel, 
hospital along with houses by diversifying the plants. Along with the positive 
effects of the plants using aesthetical characteristics, the ecological 
contributions of the plants are inevitable in giving place to plant as an 
architectural element in the places. 

The use of plant materials is common in many homes, work places, and 
commercial settings. Interiorscaping is widespread in the hospitality 
industry, where its presence has been shown to boost occupancy rates and 
generate profit. Intuitively, people think that contact with plants and nature 
is restorative and calming to the human psyche. This widespread belief is 
evidenced by the extensive landscaping in residential communities, the use 
of plants in theme parks and other segments of the tourist industry, the 
growth of urban and community gardening, and interior planting of office 
and retail areas (Lohr et al. 1996). 

Interior Landscape Design 

Landscape Architecture, which is a branch of art and science that 
integrates biological material and inanimate material, realizes the 
arrangement of plants in the interior as well as outdoor design. Therefore, the 
intensive use of plants in the interior brings the concept of indoor landscape 
design to the agenda. Indoor landscape should be designed in accordance 
with landscape architecture, hortic cultural principles and interior 
architecture principles (Tuna et al. 2015). Planting design is an important 
stage of the landscape design process. The planting design process carried 
out outdoors is in parallel with the planting process made indoors (Sarı, 
Karaşah 2018). 

Another important element shaping the indoor landscape is the purpose 
of the interior, the frequency of use and the features of the users. After these 
criteria are determined during the design phase, the relationship of the plant 
with the space and other reinforcement elements should be considered. 

Spending time in green spaces and gardens has been scientifically 
proven to have a positive psychological and physiological effect on people. 
From the Middle Ages to the beginning of the 19th century, green space, 
nature, sunlight and fresh air have been expressed as essential elements of 
health (Göker, Tuna 2007). But today, people spend a considerable amount of 
time in the interiors, which are separated from the outside and nature, and 
created with artificial environments. For this reason, people reflect their 
unique designs of their own culture and traditions to the interior spaces by 
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using aesthetics, functionality and technology together. Indoor plants are one 
of the most important elements of these unique designs that make the space 
aesthetically and functionally qualified. Because the design elements that will 
make people who live their social activities in closed spaces feel like outdoors 
are plants, air and light. 

The design of the interior landscape has a complex structure. It is 
necessary to highlight the aesthetic elements of the plant and to provide 
ecological demands and also to organize according to user requests and 
needs. This is possible with collaboration and rational planning. 

Interior Landscape Plants 

Indoor plants are defined as living materials that are extracted from 
ecological environments where they grow naturally and are artificially 
provided in flower pots or various containers, living in indoor spaces similar 
to their growing and developing environments, having flowers or leaves or 
both (Bozkurt and Ulus 2014). According to another definition “Indoor plants 
are living creatures that add color to our lives, beautify the environment we 
live in and give life energy to people “(Çelem, Aslan 1995). 

 
Figure 1. Use of plants in interior design (Coles, House 2007) 

 

Plants can be used indoor or outdoor depending on growing conditions. 
Because a plant that grows outdoors (in the open field) can also grow indoors 
if the suitable environment and conditions are provided. For example, a plant 
(Ficus elastica) that is used naturally in parks or gardens in warm regions, can 
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be used as a pot or indoor plant in cold regions. Bulb plants such as Tulipa 
and Narcissus, known as garden flowers, can be evaluated indoors in a 
flower pot arranged with pebbles. (URL 1, Ulus 2006). Also, we should not 
forget that while outdoor plants benefit from the natural power of nature 
(rain, sun light and nutrients that can be renewed in soil), these ecological 
demands of plants to be grown indoors must be met by people (Ulus 2006; 
Sezen et al., 2017). 

There are huge differences between the existing habitat conditions in the 
natural distribution regions of indoor plants and the indoor conditions we 
live in. The light, water and soil conditions present in the natural habitats of 
these plants should also be artificially provided indoors. Therefore, it is 
necessary to first know the natural environment of the plant we will grow, 
whether it is a plant that grows in the tropics or steppe conditions. Although 
tropic and semi-tropic plants require shade, excess soil and air relative 
humidity, steppe plants are generally satisfied with excess light, low water 
and low relative humidity (Çelem, Aslan 1995).  

The purpose of the design with indoor plants is to evaluate plants as 
architectural elements. With the condition of using various features of plants, 
it can be lived for plants and also functional and aesthetic spaces can be 
arranged for people (Yazgan et al., 2003). For this, basic design principles and 
elements need to be addressed at the plantation design stage. 

The interior space should adapt to the features of the space in terms of 
size, shape, color and texture of the plant while making a plant design. The 
plant should be selected in accordance with the size, shape and color and 
texture of the elements that make up the space. Also, harmony between each 
element should be ensured. In terms of basic design principles, plant species 
or groups should be organized in the space within the framework of 
principles such as balance, harmony, unity, contrast, hierarchy-hierarchy. 
(Yazgan et al., 2003; Bozkurt, Ulus 2014).  

Growing Environment of Interior Landscape Plants 

The most important ecological factors in the development of indoor 
plants are soil, temperature, light, water and humidity (Bozkurt, Ulus 2014). 

Light: The plant photosynthesizes by help of light and chlorophyll in 
order to sustain its life. Light is important for the chlorophyll which is 
required in photosynthesis. The stomas on leaves affect the photosynthesis. 
The stomas make possible the gas variation in leaf and light is needed for this 
purpose. Stomas are closed in darkness while they are open in light. 
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Photosynthesis is increased, resolvable in water and it composes more sugar 
with penetrating carbon dioxide while stomas are open. The plants transform 
energies from natural ways (sun light) and also artificial light (electronic 
lamps) to nutrition. They use energies with wave lengths between 400 and 
800 nanometer (nm) in chlorophyll synthesis. White light is the visible part in 
energy spectrum and it includes wave lengths between 430 and 700 nm 
(Yazgan et al., 2009). 

Temperature: It is one of the necessary factors for plant development and 
physiological events to occur in the plant. Factors such as light and 
temperature should be suitable for plants to provide photosynthesis and 
provide oxygen. When the necessary conditions are not met, plants, which 
are living organisms, also breathe, and by taking O2 from the environment, 
they give CO2 to the environment. Therefore, the effect of plants on indoor 
air quality should be determined depending on the ambient conditions. 
Temperature is an essential factor in terms of human comfort and indoor 
spaces are generally kept in the 20-25 ° C temperature range. This 
temperature is also ideal for the development of plants (Şevik et al.,2016). 

Humidity: In addition to the need of plant roots for water, the 
aboveground parts also require humidity. 70% to 80% relative humidity is 
needed for indoor ornamental plants to develop well.  

Soil: The vast majority of indoor ornamental plants prefer soil mixtures 
rich in organic matter. 

Irrigation: Along with temperature and light, one of the essential 
elements for plants to survive and thrive is air humidity and water. 

Environmental Functions of Plants Used in Interior Landscapes 

Indoor plants can be classified in different ways according to their 
functional, ecological and aesthetic functions. 

a) Functionality 
Plant design is a branch of art arising from the triple relationship 

between nature, human and society. Creating aesthetic and functional value 
in plant design is a multi-choice subject with its natural effects such as leaf 
color, shape, stem bark, branching shape (habitus), seasonal change and 
shade effect of plants (Yıldırım, 2000). 

Strategic selection and organization of plant species is an important step 
in an architectural project to emphasize and develop aspects of spatial design 
in interior design. In this context, we can list the functionality of plants used 
in interior design as follows; 
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• Defines the entrances in the interior, provides a characteristic to the 
place and provides a clear perception, 

•  Organizes interior elements (provides orientation), 
• It gives identity to space and represents the products that are a part of 

nature as a reflection of nature in the interior, 
• It provides a natural harmony between the interior elements and the 

human, depending on the function of the space, it undertakes functions such 
as hiding unwanted objects (screening) in the space, softening sharp lines, 

Allows the highlighting of items that we want to come to the fore 
(highlight point) 

• Makes the interior more livable, 
• The plant material organizes the elements in the interior and functions 

as a physical or visual barrier for functions that overlap and separate with 
each other, 

• Color-effect flowers in the interior or plants in pendulum form that 
are used intensely create a sense of belonging to the place. 

• With the dynamic nature of seasonal changes, providing color with 
leaves and flowers, architectural forms and trunk features, also it gives 
mobility to the interior. 

 

b) Ecological functions of Indoor Plants 
Plants are widely used in building environments; however, there are few 

studies on the responses to indoor plant on human health and signs of 
discomfort. During the 1980s, laboratory studies reported that plants may 
reduce the level of air contaminants, including formaldehyde, benzene, 
trichloroethylene, carbon monoxide and nitrogen dioxide. Other studies have 
shown that, besides people's well-being, psychological and physiological 
stress levels can be significantly affected by the environment; it shows that 
vistas dominated by vegetation may give relief from stress (Fjeld 2000). 

Indoor potted plants are known to absorb most of the airborne pollutants 
indoors or outdoors. Studies have also shown that, where indoor plants have 
been installed, staff wellbeing is improved with sick-leave absences reduced 
by over 60% (Tarran et. al. 2007) 

Many studies demonstrate the positive effect of indoor plants on the 
properties of the space such as air quality, CO2 concentration, thermal 
comfort (Demirbaş, Demirbaş 2019). 

We can summarize the ecological functions of indoor plants as follows; 
(Şevik et al., 2016); 
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• filter the noise, 
• control of thermal and acoustic performance, 
• dust retention, 
• control the light by preventing glare and reflection, 
• cleans the air and produces oxygen with the emission of carbon 

dioxide and harmful gases 
• creating a natural environment with the healing effect of plants 
The use of the proposed plants especially in places such as home, 

school, hospital and office help to create less stressful places with oxygen as 
well as aesthetic contribution. 

 

c) Aesthetic functions of Indoor Plants 

In order to create a successful outdoors or indoors planting design, it is 
necessary to bring together the principles and elements in an appropriate 
way and to comply with the ecological and structural characteristics of the 
environment in which this design will be applied (Sarı, Karaşah, 2018). Thus, 
the designer can present different planting concepts in the interior with 
original, traditional and thematic approaches. 

In indoor plant design, the aim is the design of the space. In the design, 
the composition created by the plant-space and the plants with other plant 
species should be handled together with the the sitting elements in the space 
fountain, pool and lighting elements. The design can vary depending on the 
features of the place, user characteristics, the wishes of the plant, the wishes 
of the employer and the skill and manners of the designer. 

In order to provide aesthetic and functional value in the plant design 
process, physical properties of plants can be used. In order to impress 
aesthetically people in the interior, it can create different impressions with its 
features such as leaf color, shape, stem, and branching. The fact that the plant 
has warm and cold colors can allow the space to be perceived to a different 
extent, in texture or form. In addition, different illusions can be revealed by 
directing the gaze of the indoor plants with the seasonal change to the focus 
area. Today, in modern interior design, plant material is used as a result of 
people's longing for nature, as well as being the material that completes 
interior decoration and brings vitality. Potted plants serve a functional and 
aesthetic purpose as part of the décor in the space. For example, pendulum-
type plants (Nephrolepsis) can be shown lower in space with higher ceiling 
height. Transparent and slightly textured plants such as Asparagus glumosus 
and Asparagus spengeri expand the space. Plants with large leaves and rough 
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texture, such as Monstera deliciosa, cause the interior to be perceived more 
narrowly. It can be used for covering unpleasant elements and separating 
similar places (Çalık, 1996). 

As a result of the literature research, (Çelem, Aslan 1995; Yazgan et. al. 
2003; Yazgan et. al. 2009; Bozkurt, Ulus, 2014) Table 1, which includes the 
names, families, environmental features and environmental functions of 
some indoor plants are given. 

Cycas revoluta  Ficus benjamina  Yucca sp. 
 

Anthurium 
andraeanum 

Chamaedorea 
elegans  

Aglomena 
crispum  

 
Epiphyllum 
ackermannii 

Cyclamen 
persicum  

Figure 2. Indoor plant samples (all pictures captured by authors, 2020) 
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Table 1. Indoor plants and some features 
Plant Species Family Indoor Environment Properties (Light, heat, 

water, humidity, soil) 
Environmental Fuctions 

Aglaonema  
 

Araceae Shade, 14-18 °C in winter, warm water in 
summer, not watered in winter, normal relative 
humidity, slightly calcareous, potted soil with 
humus 

It creates aesthetic interiors with its 
colorful leaves. 

Anthurium 
andreanum 
 

Araceae Shade, Warm environment, above 12 °C, normal 
humidity, normal irrigation in summer, little 
water in winter, well-drained soil 

It is very showy with its decorative 
leaves and flowers and it is the 
second plant that purifies the 
ammonia emissions best. 

Araucaria 
heterophylla 

Araucariaceae Shadow and warm environment, grows well in 
sandy, salty and heavily acidic soils above 7 °C in 
winter. 

With its texture, you can create 
interesting highlights and foci. 

Dracaena 
fragrans 

Lroseraceae It has a bright environment, a temperature of 16-
20 °C, normal irrigation and relative humidity. It 
requires humus soil rich in nutrients. 

This plant, which is known to 
remove various poisonous 
substances from the air, provides a 
very nice visual with its similarity to 
the tree. 

Ficus elastica Moraceae Ficus, a durable plant, in a bright environment, at 
a temperature of 16-20 °C. It requires a normal 
amount of water in summer and a little amount of 
water in winter. It develops well in normal soils 

This aesthetically valuable plant 
with burgundy-green shiny leaves 
also cleans the air of the house. 
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with rich humidity and humus. 
Howea 
forsteriana 

Arecaceae Shade, slightly acidic soil, little water, may 
deteriorate in sudden temperature changes. 

This plant, belonging to the Palmiye 
family, can be used to create accent 
and focus with its aesthetic leaf 
form. 

Nephrolepis 
exaltata 

Polypodiaceae It develops in full light and shade. It requires 
humus and high nutritious soil; it requires at least 
14 °C in winter. In cold weather, all the leaves dry 
up, they quickly reappear in the spring. 

With its thin texture and pendulous 
leaves, it creates different texture 
surfaces in the interior. 

Schefflera 
digitata 

Araliaceae It does not require direct sunlight. In winter, the 
temperature should not be below 7 °C. The plant 
that loves potted soil with humus requires more 
water in summer and less water in winter. 

It is a very durable indoor and 
outdoor plant with green / yellow, 
green / white leaves. 

Spathiphyllum  Araceae It can be placed at room temperature (20 °C) in 
the shade area in summer and in direct light in 
winter. It requires plenty of water and its soil 
must be rich in minerals. 

It removes poisonous substances 
such as benzene, trichlorethylene or 
formaldehyde that increase the 
quality of oxygen. 

Yucca sp. Asparagacee The need for sunlight is higher than other plants. 
Likes high humidity, ideal temperature is 15 °C. 

It can be preferred to highlight the 
entrances with its strip-shaped 
leaves and stem. 
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Effects of Indoor Plants on Human Health 

Controlled spaces (lighting, heating, ventilation) created indoors with 
plants are effective in perceiving individuals as a more acceptable living 
environment. (Yazgan et al., 2009; URL 1). As we know, Alzheimer’s patients 
are unable to remain still. For this reason, managing patients with illness is a 
difficult task. A healthy elderly person can spend time watching TV, reading 
a book or chatting, but for a person who is no longer able to understand the 
meaning of words and images, these activities can represent a kind of jail. 
Due to their decreased communication skills, there is also a tendency for 
people with cognitive impairments to isolate themselves and interact less 
often with others (Ferrini 2003). 

The natural elements in the built environment have proven their stress 
reduction properties, but it is still unclear which mechanism causes this stress 
reduction (Dijkstra et. al. 2008). Many people feel that adding plants to 
interior spaces improves worker productivity and satisfaction, yet there are 
few, if any, concrete studies examining these impacts. Studies showing an 
impact on blood pressure, for example, have used videotapes of plants in 
interior settings (Lohr et al., 1996).  

The multidimensional relationships between plants and humans have 
played an integral role in the development of our civilization, and this effect 
remains. This role goes beyond productive aspects, including anthropology, 
ethnobotanics, geography, arts and environmental sciences and above all 
social science fields such as psychology and sociology. Comprehension of the 
psychological, physiological and social responses of people towards plants 
can, in fact, be a valid tool for the improvement of physical and psychological 
conditions, both of single individuals and of whole communities (Ferrini 
2003).  

Modern plant approach in the interior; vertical gardens 
Throughout history, information is provided in various sources 

indicating that plants are grown on building walls and balconies to control 
both aesthetics and indoor air. For example; Pompei tradesmen decorated the 
Roman mausoleums with the vines they raised on their balconies, while the 
Vikings covered the walls and roofs with grass. Vertical garden samples are 
found in India and Spanish houses in the 16th and 17th centuries, in Mexico, 
Russia and other countries that were formerly part of the Soviet Union, in the 
18th century France (İpekçi, Yüksel, 2012). Vertical gardens inspired by 
plants capable of living in small voluminous soils in high slope areas have 
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become an element of sustainable indoor landscape. Vertical gardens provide 
benefits such as indoor sound control, air quality, heat and energy budget, 
and the presence of dust particles in the environment. At the same time, 
vertical gardens are natural works that transmit function perception, positive 
effect and aesthetic senses to users (Eroğlu, Başaran 2017; Demirbaş, 
Demirbaş 2019). Vertical gardens are an important source of green filtration 
for both aesthetics and human health if irrigation, lighting and drainage 
systems are made indoors. 

CONCLUSION AND RECOMMENDATIONS 

As a result, people spend a considerable amount of time in indoor spaces 
created with artificial environments, separated from outdoor and nature. For 
this reason, individuals reflect their unique designs of their own culture and 
traditions to the interior spaces by using aesthetics, functionality and 
technology. One of the important elements of these original designs is indoor 
plants. Strategic selection and placement of plant species is the most 
important step in an architectural project to emphasize and develop aspects 
of spatial design in interior design. 
In summary, we can list our suggestions as follows; 

• While designing the indoor landscape, it should be determined for 
which function the space will be used. 

• In order to ensure sustainability in interior design, natural elements 
should be used and plant use should be given importance. 

• Plant usage should be emphasized to improve the environmental 
characteristics of the interiors. 

• It is important to pay attention to the design criteria, ecological 
requirements, aesthetic and functional features of the plants used in 
interior design. 

• Plants can be placed in different forms in the interior. The first can be 
used as plants in flower pots and containers, second cut plants 
evaluated in a vase for different purposes and concepts, or vertical 
garden designs on vertical planes.  

• Economically, vertical garden concept can be applied to spend less 
energy in building environments.  

• The importance of using plants in interior design should be 
emphasized in every environment, and designers should tend to this 
issue. 

• The positive effects of plants on human health should be emphasized, 
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users should be made conscious, and plans should be made with a 
holistic approach. 
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INTRODUCTION 
Structure is an important element that plays a role in the creation of an 

architectural structure. It defines the system that enables a building to stand. 
It is also studied by other disciplines. In this respect, it is defined in a more 
comprehensive way and evaluated from a wider point of view. Structure is 
an assembly of systems that is created through the repetition of similar 
elements in an organisation. Apart from its load-bearing feature, its place and 
importance in architecture becomes clearer when you take into consideration 
its effect on the shaping of the building, its role in the determination of the 
interior architectural organisation, and its features when it surrounds the 
surface of the building as a shell. 

Structure studies in architecture have escalated as the computer 
technology developed and its use became widespread in the design process. 
Computer programs shorten the drawing time as it makes it possible to study 
on the same drawing by revising it. The building can be perceived through 
three-dimensional visuals. While the pieces that compose a parametric 
design are similar, they can also be differentiated from each other. Thanks to 
this, transfer of the pieces to the production process becomes easier and 
faster. 

Architecture takes into consideration the urban data, human needs, 
environmental conditions, features of the constructed environment, urban 
identity, cultural and historical values, traditions, habits, and economic 
possibilities. On the other hand, technological improvements present 
opportunities in architecture, design and production techniques, equipment 
possibilities, load-bearing system features, and alternatives in form. While 
robotic improvements, three-dimensional software technologies, mass 
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production and particularly R&D (Research and Development) make it 
possible for radical improvements in the medical area; these also effect the 
architecture and architectural design processes.  

Interesting examples are constituted in terms of structure studies in 
architectural design. It paves the way for experimental works in architecture, 
trying different forms, spatial alterations such as large and multi-storeyed 
buildings, developments in production techniques, and raising material 
possibilities. Structure studies help architecture students to obtain 
information on the load-bearing system of the building, new technologies, 
contemporary building production forms, and modern building materials. 
Practices that are done on the model create opportunities and possibilities to 
enhance handicraft, think three-dimensionally and produce accordingly.  

This paper will highlight the contribution of students’ structure studies 
on their education processes. Initially, structure concept will be explained. 
This study will convey information on its definition, application areas, its 
significance in architecture, and its use through history. Then the study will 
emphasize technological improvements, and structure applications in 
architecture in the light of modern approaches in design. Elements that 
compose structure will be explained. The study will also discuss the 
contribution of structure practices on education processes in architecture 
education. Applications will be exemplified through visuals of structure 
studies that belong to Architecture Department students of Tekirdağ Namık 
Kemal University in Turkey.  

DEFINITION AND FEATURES OF STRUCTURE 
Structure expresses the relationship among the constituents of a certain 

construction (Angélil and Hebel, 2008, 261). Structure is created through the 
repetition of same, similar, or interconnected forms on the second or the third 
dimension. It is a compact system constituted when units come together. It 
expresses the microstructural fabric of an object. There are various examples 
of structural frame in the nature. Human skeleton and bee honeycomb are 
examples of structure. Forms of the units that constitute a structure in nature 
and their combination systems stem from necessities on function. For 
instance, the form of the units of a snake skeleton, its combination systems, 
and the sequencing of these units from big to the small are connected to the 
living function that enables the snake to slide (MEGEP, 2008, 3-4). 

Apart from architecture, structure studies are also conducted in artistic 
disciplines such as sculpture, art, ceramics, and graphics. There are also 
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authentic designs created with structural principles in objects that are used 
in daily life. Structural organizations are used in furniture such as cupboards, 
sitting units, and bookcases; in lighting units like lamps, and other designs 
that are used in decoration. Structure examples can also be seen in jewellery 
and toy designs (MEGEP, 2008, 26-35). 

Structure in architecture defines a system which continuously conveys 
the building load to the foundation and ground (Akyol Altun and Uzun, 
2012, 151; Ching, 1996, 280). It is the system which constitutes the load-
bearing system of the building, provides the resistance to the gravity, and 
forms the architectural boundaries (Angélil and Hebel, 2008, 261). The size 
and proportion of the elements are connected to the structural duty they have 
(Ching, 1996, 280). Apart from being the system that helps a building stand, 
structure also frames, limits, and determines the size of the space; in other 
words, it defines space (Akyol Altun and Uzun, 2012, 151; Ching, 1996, 280). 

Arches, vaults, and domes that were used in the ancient times are 
structural elements. Pillars and joists are used in reinforced concrete 
construction techniques. Structure system is generally applied as symmetric 
because of the static condition of the buildings. Thanks to the reform that 
occurs in the load-bearing system in steel constructions, buildings can appear 
in more independent forms. And the structure system can be applied more 
flexibly. Plastic features of the building effect the modelling of the structure. 
More difficult measurements are done to provide for the balance of the 
building (Güngör, 2005, 178). It is not enough to strengthen only one element 
to strengthen the building. Because this element causes an increase in the 
weight of the building and more load on the system. Instead of this, rigidness 
of several elements is provided. Sharing the load is accomplished through 
transferring the load to another element. Form of the elements is crucial for 
this. Load transfer is arranged in connection to the structure and logic of the 
building geometry (Lim, 2011, 6). 

The main component of the structure is defined as the “module”. Module 
is accepted as a unit (Agkathidis, 2012a, 1). Module (unit) is the smallest 
common measure which the elements in the system need in order to form an 
entireness by coming side by side and on top of each other (MEGEP, 2008, 6). 
Module is the element which can come together with an element of the same 
kind, united or congregated with it (Bayraktar et al., 2012, 35). 

Module concept has been used in architecture since the ancient times. 
Bricks and stone materials are examples for modules. Accommodations and 
temples in the ancient civilizations of Mesopotamia, Egypt, and Aegean were 
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constructed with these materials (Agkathidis, 2012b, 47). Module in Classical 
Architecture defines the unit which is used to arrange the pillars and various 
sections of a building. Roman architect Vitruvius included this term in his 
book De Architectura to determine the rules of architectural organizations. 
The module, which is used by Vitruvius, is equal to the half of the diameter 
of each pillar base (Hasol, 1998, 321). The pillars that constitute the building 
of the Parthenon Temple can be defined as a unit. Pillars were used as a unit 
of measure that constitute the building to compose a rhythm (Agkathidis, 
2012b, 47). In applications through history, module has been expressed as “a 
unit of length repeated in the proportions of constituents” (Bayraktar et al., 
2012, 35). With the use of modules, buildings were constructed more easily, 
fast, and cheap. They helped to carry and bring together the building units 
(Agkathidis, 2012b, 47). 

In Modern Architecture, module has been used as a unit of length that is 
repeated in the proportions of the building and its units; and enabled 
standardization (Hasol, 1998, 321). Modular production developed with the 
industrial revolution and has been used in mass production process 
(Agkathidis, 2012b, 47-48). Mass production reached top levels in the early 
20th century in parallel to the industrialization and technological 
developments in architecture. It became synonymous with industrialization 
and mass production. Production of identical copies and complete 
automation in the factory environment raised the performance (Agkathidis, 
2011b, 119).  

When the module has geometrical forms, determining the axle system 
that composes the construction becomes easier (Bayraktar et al., 2012, 35-36). 
When orderly geometric forms repeat or come together, they fit into a 
coordinate system organized regularly. The coordinate system can be two or 
three dimensional (Bayraktar et al., 2012, 37). The organization in which all 
components have a clearly defined relationship with each other is defined as 
“Modular Coordination” (Agkathidis, 2011b, 119). These practices are done 
so the horizontal and vertical dimensions in the building are multiples of each 
other (Sözen and Tanyeli, 1992; cited in Bayraktar et al., 2012, 37). In this way, 
a secured building quality is guaranteed (Agkathidis, 2011b, 119). 

STRUCTURE IN CONTEMPORARY STUDIES 
The fact that architectural production technologies are changing causes 

changes in architecture as well (Agkathidis, 2011a, 118). Thanks to 
technological improvements contemporary world is described as the “Digital 
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Age” (Agkathidis, 2012b, 48). CAD and CAM design (Computer Aided 
Design, Computer Aided Manufacturing), and production technologies are 
still developing and they present and unconventional point of view. Digital 
production techniques exclude designers and architects from the traditional 
limitations of geometry and form (Agkathidis, 2011b, 120) and gives way to 
new possibilities (Agkathidis, 2012a, 1). 

Using computer allows for the coordination of design and production 
processes. Using simulation techniques and algorithmic tools in architecture 
shows the effect of cost, quality, productivity, and production processes 
(Agkathidis, 2011b, 120). A design and architectural idea can be perceived 
and examined three-dimensionally with modelling. Models show the scale, 
form, and material features of a building. They reflect the vision of a building 
from different angles and are used in the decision process about how the 
building looks. They provide for the development of complex forms in the 
design process and allow for creating alternatives through trials on form 
(Farrelley, 2008, 117).  

Nowadays, shell systems, frame systems, geodesic domes, collapsible, 
and pneumatic systems and the like, which are created with structures, are 
applied in buildings with different forms. The significance of these structures 
in architecture stems from their correctible and adjustable features. Pieces 
constitute a whole by connecting through joints. They enable for a system to 
emerge and appear through combination. Architects do not work alone 
during this process. Architecture emerges with other disciplines (Touloumi, 
2011, 49-50). As well as civil, electronic, and machine engineering, 
cooperation with disciplines such as computer engineering and software 
engineering has been raising.  

Parametric design is a computer aided design system. Designs have the 
ability to alter depending on the data input. This important feature uploads 
abilities of flexibility, change, and adaptation to the designs. While 
parametric design concept and the software in use are new, their impact on 
computer aided design and design methods are escalating. They are used in 
form shaping studies which are done to decide on the form of the buildings. 
Building forms are manufactured according to scaled models. They provide 
for sensitive studies depending on the features and behaviour of the material 
(Mückenheim and Demel, 2012, 243-244). 

Modularity has gained new meanings recently thanks to CAD and CAM 
design and production techniques. Module provides freedom and it is used 
to make changes in the organization. Features of each model can be defined 
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separately. The module can be enrichened with multiple parameters with the 
help of digital tools. A single module never works separately and is not 
unique. It is one of the elements of the structure which has features similar to 
others (Agkathidis, 2012b, 48). Module is not the multiplication of an object 
that is the same with the others. Module is evaluated as a set of changeable 
rules. CAD and CAM technologies provide for the mentioned adaptation. 
With the adaptation of the module, in other words as it enlarges and changes, 
surfaces and complex geometries are constituted (Agkathidis, 2012a, 1).  

When structures in architecture are approached with an anti-positivist 
view, they express arbitrariness, an enigma in forms, and uncertainty in the 
present time (Lim, 2011, 6). Under conditions in which standard structural 
solutions are unavailable, they reveal strategic reactions (Lim, 2011, 9-10). 
These buildings have four common points. First of all, buildings have 
unusual shapes. Secondly, spaces are exposed to change. Thirdly, there are 
photosensitive surfaces and they have an effect on structural form. Fourthly, 
contemporary space has a non-hierarchical nature. Furthermore, the idea of 
cell is evaluated as a unit in order to construct the form (Lim, 2011, 9).  

Applications may result in the proposal and production of architectural 
designs that are not connected to social and cultural context constituted in a 
large span of time. Nevertheless, technological developments are crucial 
because they enable for an infinite number of designs with their reflection on 
the industry and economic opportunities (Bettum, 2010, 122). 

COMPONENTS OF THE STRUCTURE 
Even though structures can be seen in various scales such as in buildings, 

furniture, or jewelry, they have a variety of components. Module is the base 
of the structure system. Unifying elements may be needed for units to come 
together. Another element, also called as bonding element, can also be used. 
It is also possible for texture (outer structure) to compose with the same logic 
as the structure. This chapter will give information on module, bonding of 
the modules, bonding element, and texture. It will also focus on the 
dimensional coordination which defines the relationship between the 
modules when they come together, modulation and modular coordination 
concepts. 

Module 
Structure is a set of systems constituted by the gathering of modules 

(units), and module and bonding elements according to certain rules 
(MEGEP, 2008, 22). The elements, which are created by similar forms in order 
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to constitute the structure system, are called modules. The main concern in 
structure studies is to determine the module (MEGEP, 2008, 6-7). The most 
suitable proportions are chosen for the construction of the constituents, and 
design of the space and structure elements to enable the bonding of the 
structure constituents in a modular system. This situation is called 
“Dimensional Coordination” (Hasol, 1998, 99). It aims to secure the 
organizational constituency depending on the module or modules. The 
concept called “Modulation” is the organization when the proportions of a 
structure’s units have a common scale or module, and the multiples of the 
module create this organization (Bayraktar et al., 2012, 36). “Modular 
Coordination” is the application of horizontal and/or vertical dimensions 
from a selection of the multiples of a peculiar standard module (standard 
main module). It is important for the elements which constitute the 
construction to provide for the coordination (accord) of spaces. It is a kind of 
a standardization technique. Modular coordination allows for the 
dimensional coordination to be realized (Hasol, 1998, 321-322). 

Bonding of the Modules 
Apart from determining the modules for the structure system to work, 

bonding kinds of the modules and their methods, and bonding of the 
modules also become important. It is possible to create the structure 
according to the features stemming only from the nature of materials, after 
putting the modules together. It is also possible to employ different bonding 
materials and techniques. Bonding techniques should be suitable for the 
nature of the element, material. 

Bonding Element 
It is also possible to bond modules with the use of different elements and 

materials (MEGEP, 2008, 16). A bonding element is the bonding unit between 
the modules, which are used to support the bonding of modules under 
certain circumstances. They are important as they earn mobility to the 
structure system (MEGEP, 2008, 6-7). They provide for different form 
applications instead of a constant and stable form. The system is perceived to 
be a mobile and dynamic structure. The structure attracts more attention as 
elements that have different colours, forms, and material features are used in 
harmony with modules. Monotony disappears. 

Texture (Outer Structure) 
Texture (outer structure) is the pattern features of entities. Upon looking 
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closely or with a magnifying glass to the texture, it can be seen as a structure. 
When the module (unit) in the structure is minimized to an unrecognizable 
point, the texture can again be seen. Texture, structure, form, module, and 
the system cannot be separated. For instance, the texture (pattern) of a tree’s 
bark, the form of its leaves and its whole, water veins, and the structure of its 
branches are seen altogether. Another example for this is the pattern of soap 
foams and a synthetic sponge (MEGEP, 2008, 7-8). 

OUTCOMES IN STRUCTURE STUDIES 
Structure studies are carried out by different occupational groups and 

professionals. In this context, it has a wide area of practice. In this chapter, 
applications through architecture students’ studies will be exemplified. 
While digital production is significant in structure studies, outcomes for 
students will be examined thoroughly through architectural models. In order 
to exemplify the studies concerning structure in architecture education, we 
will feature model photographs that belong to the studies of Architecture 
Department students of Tekirdağ Namık Kemal University in Turkey.  

Experiencing Different Practices 
Structure practices are realized by different disciplines. They are also 

employed in art education. They are used in the various areas of daily life 
such as furniture, interior space decoration, and ornamental elements. 
Architects and architecture students, however, take into consideration many 
parameters, particularly the load-bearing system of the building they design 
and the building’s integration to the urban texture it is situated in. Studies 
concerning the structure are not only limited to designing buildings for the 
architecture students. These practices allow for architecture to be experienced 
through different three-dimensional applications, and that it is not only 
limited to a professional field of study.  

Enhancing the Imagination 
Today, structures all over the world with different forms, colours, sizes, 

and produced with new materials can be encountered owing to technological 
improvements. Buildings featured in architecture journals and the internet 
leave an impression on architects and architecture students (Touloumi, 2011, 
49).  
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Table 1: Examples of Structures in Individual Studies and Their Materials  

  
Material: Paper (Bilican Akın) Material: Straw (Ali Öztürk) 

  
Material: Clothes Pin (Yunus Emre 

Albostanlı) 
Material: Paper (Mihriban Kesici) 

  
Material: Plastic (Şehristan Ertaş) Material: Balsawood (Suna Güneş) 

  
Material: Tongue Blade (Aleyna Sever) Material: Plastic Spoon (B. Yorulmaz) 
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Architects and architecture students who wish to be a part of these 
practices begin to come up with ideas on what can be done (Bettum, 2010, 
122). Structure studies provide students with the opportunity to make 
designs and experience different building types without prioritizing concepts 
such as cost, features of the accommodation, users’ wishes, which they will 
have to take into consideration in their professional life. Thus, they contribute 
to the development of their imagination. 

Another contribution of these studies to students’ imagination stems 
from the relation of the structure to the nature and that there are many 
examples of structure in nature. There are various examples of module, 
structure, and texture in the nature (MEGEP, 2008, 8). They can benefit from 
the structural possibilities in nature in their studies. They find the chance to 
correctly analyse the module, system, and features of the material. Nature is 
informative in learning which modules can be constructed with which 
materials (MEGEP, 2008, 22). Students gain the opportunity of observing the 
present structures, experience the structure concept through the examples in 
nature, and making their own authentic designs through them.  

Improving Handiwork, Learning Modelling Techniques 
Traditional model making techniques are studied alongside digital 

three-dimensional modelling and production technologies (Agkathidis, 
2012a, 1). While there are the advantages provided by the CAD technology 
in the “digital world”, the importance of the model still continues. Models 
are important because they physically exist, they can be seen from different 
sides and angles, and they provide for the perception of the form and the 
texture of the building (Farrelley, 2008, 118). In professional life, one can see 
the model of a building or an apartment and buy it. From the point of view 
of architecture students, however, models are necessary for their 
development and sharing their design ideas with other people. 

It is beneficial for student to conduct studies in which they improve their 
handiwork and develop their hand-eye coordination. Since university 
education offers a different education process than the high school, the 
importance of these practices are unquestionable in the first year education, 
which can be defined as an interim or transition period. Working on the 
structure is beneficial in terms of getting used to the education process, 
experiencing different practices, learning modelling techniques, and gaining 
experience in modelling.  
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Working with Different Modelling Materials 
Architectural design models are constructed generally with materials 

like paper and cardboard. Among the reasons for choosing these materials 
are their suitability to the designed construction and mastering cutting and 
assembling techniques. Different materials, assembling techniques, and 
modelling techniques can be applied in practices where students try different 
structures. Various materials can be used such as paper, cardboard, 
corrugated cardboard, foam core boards, styrofoam, balsawood, plastic, 
textile, waste, plastic or paper cups, plastic spoons, wooden tea spoons, ping 
pong balls, wire, ropes of different thickness, straws of different colours and 
sizes, wooden skewers, toothpick, balloon, wooden sticks and strips. The 
variety can be raised with dyeing apart from using materials in their original 
colour. 

The assembly method of the modules is determined according to the 
features of the materials that compose that module. Modules can be 
assembled and fastened through gluing, locking, or nailing depending on 
whether they are transparent or opaque, or pliable or not (MEGEP, 2008, 16). 
Apart from the materials such as glue, silicone, and tacky glue, materials such 
as stapler, pin, paperclips, wire, nail, or rope can be used as assembly 
materials. Assembly method of the modules helps to understand the 
structure as a mobile and dynamic form. Without any additional materials, 
the structure can be made to stand by interlocking the modules, so they 
support each other, by using the potential of the modules. The main focus is 
on whether the material is hard, soft, transparent or opaque; its texture; its 
bonding and folding features; and their effects when they are used together. 
The variety on the material selection gives the students the opportunity to 
evaluate different materials as modelling materials, and observe their 
environment with a studying eye.  

Defining Architecture through Different Fields 
Three-dimensional structure studies have architectural features. Aspect, 

scale, rhythm, and colour are important in structure studies. Balance is 
another important factor in three-dimensional studies. Additions and 
subtractions can be made in order to provide the unity and cooperation of the 
modules in applications. While doing these regulations, the bonding of the 
units is calculated so the structure is interesting, attractive, and aesthetic 
when looked from different angles (MEGEP, 2008, 22-23).  
 



385 
 

Table 2: Examples of Structures in Group Studies and Their Materials  

  
Material: Worsted Yarns (Ayten Maltepe, 

Sinan Cihad Güneş, Zeki Meriç) 
Material: Plastic Cup (Canberk Yılmaz, 

Saim Koçarslan, Ömer Çağrı Kılıç) 

  
Material: Wooden Stick, Worsted Yarns, 

Pin (Berrin Gümüş, Meyra Kıral, R.Cansız) 
Material: Plastic, Toothpick (Vesile Toprak, 

Büşra Yaba, İzzet Cem Apaydın) 

  
Material: Stick (Sema Nur Büyükkayıkçı, 
Münevver Aynur Çetinur, Gamze Çakal) 

Material: Ping Pong Ball (Kübra Özkök, 
Esma Eken) 

  
Material: Paper (Selin Çalışkan, Gamze 

Ruken Dağaynası, Mert Karaarduç) 
Material: Paper (Abdulkadir Demirel, 
Abdulkadir Bilgin, Mihriban Kesici) 
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It is also helpful in terms of understanding the standing principles of the 
structure and developing modelling techniques. In this context, architecture 
can be learned through structure studies which obtain a larger application 
area than architecture. One of the fields of occupation in architecture becomes 
visible through different applications. 

Obtaining Information about the Load-Bearing System of the Building 
Load-bearing systems are learned and applied in architectural 

education. After obtaining static information, it is important for students to 
make research about load-bearing systems so they can begin to think about 
the spaces they will design in the future (Güngör, 2005, 179). They make 
observations on the working principles of the load-bearing system and 
develop ideas about the subject. It is helpful to see structure as a set of 
possibilities that emerge during the formation of the building (Güngör, 2005, 
190). Features of the material in modelling studies, its standing ability, taking 
into consideration the three-dimensional effect of the structure, and the 
conditions of the standing are examined and thus the building is formed. It 
is difficult to make estimations about the façade kinds that will be made in 
the future with the help of new technologies (Güngör, 2005, 201). These 
applications provide opportunities to the students to produce ideas about 
structure systems which can be developed and applied with technological 
opportunities.  

Individual or Collective, Studying On Different Scales 
Models in architecture are done on different scales and minimized 

according to what it is planned to be in real life. Structure studies can be done 
on different scales. They can be large scale models or with 1/1 scale. Designs 
can feature objects that can fit inside or furniture used in real life, arranged 
according to human proportions. Thus, the design comes to its final form.  

Studies can be conducted as individual or group work. Applications help 
students to develop their abilities to work together, make a design 
collectively, participate in a group, produce together, and share tasks. The 
fact that architecture is an activity within the design group, the architect is 
part of the group, and the necessity to work with different disciplines in 
synchrony are realized in the context of these practices.  

Obtaining Information on Different Structures and Production 
Techniques 
Structure studies are about the load-bearing system of the building, its 
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three-dimensional effect, and surface features. Before continuing with the 
main project that will be carried out in the semester, it can also be applied as 
short-term atelier practices. While this can be beneficial for senior students, it 
has positive outcomes particularly for the first year students to get familiar 
with the education process before starting with the study field. Apart from 
the building design, the standing of the model, its three-dimensional effect, 
its aesthetic features, surface and texture features, and the colour balance can 
be observed through the structure model making practices. 

Introducing design and structure together in architecture education 
raises the proficiency of the students. It also raises the potential cooperation 
between the academic and professional environments. Technology of the 
contemporary building is complex and applications are within the domain of 
professionals. From this point of view, students are not expected to develop 
a special proficiency about the subject. What they are expected is to integrate 
architectural and structural design by experimenting, sensing, visualizing, 
modelling, and synthesizing. The requirement is that they contribute to 
innovations which are developed with the analytical methods of engineering. 
The approach here is not optimizing the design to a certain aim, but to 
integrate all of its aspects (Wetzel, 2012, 113-114). 

CONCLUSIONS 
Architecture as a profession has a number of components. Developments 

outside architecture effect the inner dynamics of architecture and causes 
alterations. Because architecture is interested in everything about the human. 
As it is in other disciplines, following technological developments and using 
design practices in the architecture discipline provides new opportunities. 
Improving ecological materials, applying new design and building 
technologies, using resources effectively, and making an effort to reach 
sustainable environmental qualifications are beneficial. 

Developments in computer technology and the opportunities it 
represented led to improvements in architecture. The process, which began 
with the increase in control during the production process, has evolved into 
different areas recently. Before the building process finished, structures can 
be perceived in three dimensions digitally. Change and adaptation are 
realized in parametric design through data input. Studies concerning the 
structure allow for unorthodox applications and doing different trials on the 
building forms.  

As the first step of being an architect, university education is invaluable 
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in terms of utilizing the acquired information and abilities in the future. 
Students obtain the opportunity of working in an area in which professionals 
are working and open to developments. When change, revision, and 
enhancement are aimed in architectural environment, the easiest, fastest, the 
most durable and most effective way of realizing this is to change the 
education process. 

While developments in computer technology are advancing, the model 
in architectural design is still important. Working with a model allows for the 
development of hand-brain coordination and an improvement in handiwork. 
It helps the students to realize their ideas three-dimensionally before 
proceeding to using computer. Structure studies in architecture can begin 
from the first semester of the education. Practices can be supported with 
computer software in the upcoming stages. In this respect, examples of 
structure design that are made in the professional life can be applied from the 
first years of the education.  

Apart from in certain cities and even urban areas, applications which try 
new building forms are limited. Among the reasons are the features of the 
constructed environment and cultural heritage concept, the fact that 
architecture as a discipline does not evolve as fast as the other disciplines, 
working on larges scales as regards to other design areas, and that some 
environments are not open enough to innovations. Economic factors (the 
high cost of the building) and the need for skilled labour can also be added 
to the reasons. Students, however, can study by disregarding some of the 
important factors of the professional life. From this point of view, structure 
studies can help students to improve their creativity and imagination. As 
nature also is a source in which the structure concept can be observed, they 
can enhance their observation and design abilities by studying the examples. 

Working with different materials is beneficial for students when they are 
making models. Materials used in making a building model are limited and, 
in this respect, one cannot be independent enough. Structure studies enable 
everything to be model material. Students can observe their environment 
with a different and observing eye. They earn experience about modelling 
techniques through using uncommon materials, constituting a whole by 
assembling modules, potential of the design to bear its load, aesthetic 
possibilities provided by the form, and researching about suitable assembling 
techniques. This is particularly beneficial for first year students to gain 
experience about model making techniques. Structure studies in architecture 
education can also be taught as studies that include the use of computer 
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programs through the whole semester. They can be carried out separate from 
the main project of the semester or as practices in the early processes of the 
semester study. They can be conducted as individual or collective studies; in 
small or large proportions, and products with 1/1 scale. These applications 
help students to raise their tendency to group work.  

These studies provide for approaching architecture from different 
disciplines and learning design through different disciplines. Structures are 
not necessarily buildings that will be realized and constructed. Because 
structure studies are not limited to the discipline of architecture. However, 
when the subject is approached from the point of view of the practices that 
professional architects carry out, they are made with the help of advanced 
engineering. The interdisciplinary composition of architecture is visible with 
structure practices. Students begin to think and develop ideas on the load-
bearing systems of the buildings. 

Architecture is a learning and application process which is not limited to 
university education, but it disperses to the whole professional life. 
Education, which is the first stem of this process, is a determining feature at 
this point. The aim of the university education is not to upload knowledge to 
the student. The aim is to convey the means of communication and basic 
principles of architecture, inform about research techniques, and to present 
sources to reach information. In addition, it also expresses the process in 
which people obtains the most intensive information about their profession 
and enhance their knowledge. It is the area where students encounter all sorts 
of developments and innovations about their profession. University 
education is effective for students to maintain their professional life and 
determine their point of view on architectural design.  
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1. INTRODUCTION 

Cities have evolved in various ways since they started to form. Especially 
after the Industrial Revolution, increasing mechanization in agriculture and 
developing new production techniques have brought urban life to the fore. 
The perception of comfort and attraction center is created for the cities by the 
20th century with the effect of the visual and audial media and social media 
added to it recently.  

The problem of employment in rural areas of Turkey has started since 
1960’s with migrations of the rural population to cities hoping a life with high 
level of welfare. The role of a perception which is created by the media 
introducing cities like İstanbul as “a place where the streets are paved with 
gold” had a significant influence on the spread of migrations. The main 
component of this type of migration wave was the fact that the influence of 
first migrants, who wished to find a job and to settle in the cities, on their 
relatives in rural areas and a collective migration waves led by this 
interaction. Here, the term “fellow citizenship” becomes more important. 
Citizens from the same region live a life where they can meet in a common 
ground by being located in regions of the cities that are more suitable for 
economic settlement and living.  

This settlement process, which has accelerated towards urban areas, 
causes problems such as shelter, employment and security in urban areas. 
The fact that the land and housing prices in urban areas are high for the 
people coming from the rural areas and the search for a quick solution to the 
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housing need causes the increase in slum type houses. New urban residents 
who solve their housing problems in a primitive way continue their rural 
lives by moving them to the cities partially.  

The UN Human Settlements Programme (UN-Habitat), the only source 
of internationally comparable data on slum dwellers, predicts that 881 
million people or 30% of developing countries’ urban populations live in 
slums, and that this could rise to 3 billion or 60% by 2050 (Lucci et al. 2017) 

Today, cities face problems related to reasons such as overpopulation, 
economic difficulties, low level of social awareness, unconditional and wrong 
location choices, and supply-demand tendencies. The breakdown of the cities 
as a result of various factors has led the relevant authorities to seek solutions 
to eliminate this collapse. In recent years, in order to meet the political 
reasons and increasing housing need, such housing areas are demolished 
under the name of urban transformation, renovation and rehabilitation, and 
multistory buildings are built in their places. In terms of changes in housing, 
the level of comfort increases but purchasing power of the people and the 
capacity of these houses to meet their expenses decrease. This study presents 
a view which discusses the transformation activities in the slum areas with 
link to the fact of poverty.  

Within the scope of the study, the concept of urban transformation has 
been discussed in historical process and the facts urbanization and urban 
poverty has been examined in this concept. Furthermore, an evaluation has 
been made on the development of urban poverty and factors which has 
revealed this concept in Turkey. 

 

2. POVERTY 
 

Before addressing poverty on an urban basis; It is important to put 
forward the concept of poverty clearly on a human scale. According to report 
of Adaman and Keyder (2006), called Poverty and Social Exclusion in the Slum 
Areas of Large Cities in Turkey , people are in poverty if they are unable to 
reach the standard of living which is acceptable to their community due to 
inadequate income and resources. In such a situation, the poor will have to 
experience a number of problems together. The poor struggles with obstacles 
throughout life. such as unemployment, low income, hard settlement 
conditions; inadequate access to health services and accessing culture, sports, 
recreation and education. In economic, social and cultural life, they cannot 
participate sufficiently in other people's activities in the natural flow of life 
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and may have difficulties in reaching fundamental rights and freedoms 
(Adaman and Keyder 2006).  

The first meaningful definition of poverty was written by S. Rowntree in 
1901. According to this definition, poverty is an inadequacy of total incomes 
which leads shortages in supplying minimum physical needs such as food 
and clothing (Sipahi 2006). The fact that poverty is not only economic but also 
social, cultural, political and psychological aspects makes it difficult to make 
a single definition on which consensus is reached. On the other hand, poverty 
can be described with different situations such as "hunger", "lack of 
education", "lack of a home to shelter", "being ill and not being treated", 
"having no job or not having a good job", "living with fear of the future and 
worrying about the future of children" (Gündoğan 2008, Bayraktutan and 
Akatay 2012). Although the multidimensionality of the concept brings 
different definitions, poverty, which expresses the state of being deprived of 
meeting the basic needs of the people in its most classical sense, is subjected 
to a basic distinction made in the form of “absolute poverty” and “relative 
poverty” in a universal dimension. In addition to this basic distinction, there 
are also classifications such as “objective / subjective poverty”, “chronic / 
temporary poverty”, “income poverty / human poverty”, and “rural / urban 
poverty” in definitions of poverty (Öz and Yıldırımalp 2009). The traditional 
definition of poverty, which completely focuses on the concept of income, is 
criticized for being wrong and taking a top view of the institutional and social 
contexts in which poverty has emerged and developed. Capabilities view of 
poverty suggests that people's capacity to develop, cope with daily stress, 
function and realize what they find meaningful is a function of their social 
environment. The concept of comparative “relational poverty” defines 
poverty as a product of human relations, institutions, balance of power and 
other social conditions. This concept also regards political and economic 
exploitation, dispossession and lack of capability as the main characteristics 
of poverty.  

 

3. URBAN POVERTY 
 

In modern developing world, poverty is concentrated in urban areas. In 
general, the main reason for the intensification of poverty is macroeconomic 
factors. However, the process and structure of poverty may differ from cities 
to cities (Sönmez 2007). The concept of "urban poverty" was described in 
United Nations HABITAT report in 1996 as an inability of a part of 
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population living in the cities to reach minimum living standards that are 
geographically and historically determined for subsistence. In the same 
report poverty is also explained as being in a position that may cause 
problems in terms of behavioral and social relations along with residential 
poverty (Batmaz 2016).  

The fact that cities host larger populations every day and the reasons 
behind this situation should be questioned as the most important reason that 
increases poverty. Here, the phenomenon of immigration and the direct and 
indirect consequences of this phenomenon are decisive. Individuals who 
leave their living conditions with migration and move to more developed 
cities also carry their own culture of life to the area they settle. Especially 
individuals coming from villages or towns, where they can grow fruit and 
vegetables in single story garden houses, carry their habits to their new living 
areas. In a short time period, they maintain their life collectively and 
conservatively in houses that are mostly unlicensed (Sayın and Hergül 2018).  

Whether urban poverty is a result of rural to urban migration is a 
controversial phenomenon. There are two approaches in this regard. The first 
suggests that the rural poor are pushed to the cities due to low income 
/employment opportunities and that rapid migration will develop a lawless 
and irregular system in the face of slow employment growth in urban areas 
and consequently lead to the impoverishment process. In this case, urban 
poverty is considered as a reflection of rural poverty. The other approach sees 
poverty as a factor preventing migration as opposed to encouraging 
migration due to difficulties in meeting migration costs (Es et al. 2013).  

The increase in the human population in the cities causes the poverty to 
increase on the basis of individuals and households as it brings employment 
problems. The concept of urban poverty is an important social problem for 
all urban residents, but it also affects the physical structure of the city. The 
concept of urban poverty is an important social problem for all urban 
residents since it also affects the physical structure of the city. In this regard, 
this study points urban transformation and certain examples of urban 
transformation in various places that take formation in consequence of 
having relation with urban poverty.  

 

4. URBAN TRANSFORMATION 
 

While the changes and transformations in the urban space sometimes 
increase the quality of space and life; it causes sometimes economic, social, 
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environmental and physical degradation of space (Akkar 2006).  
In line with the changes experienced in the metropolitan settlements, 

exceeding carrying capacity or the urban areas or hasty and illegal solutions 
for housing causes destruction in the appearance of cities. Recently, the 
concept of urban transformation has come to the fore in order to increase the 
housing capacity and to make cities a part of the global system.  

Under the urban transformation, there are various topics such as 
renewal, revitalization, gentrification, and rehabilitation. Roberts (2000) 
defines urban transformation as a comprehensive and integrated vision and 
action trying to ensure the continuous improvement of the economic, 
physical, social, and environmental conditions of a field.  

In other words, it means re-developing and revitalizing a lost economic 
activity, making a malfunctioning social function work; ensuring social 
integration in areas with social exclusion, and restoring equilibrium in areas 
where environmental quality or ecological balance is lost (Akkar 2006).  

The main reasons that reveal the necessity of urban transformation can 
be expressed as industrialization movements, globalization, migration, rapid 
population growth, and urban sprawl. What is decisive here is the purpose 
and target of urban transformation. Transformation works carried out in 
order to provide political and financial rents may basically involve actions 
independent of human factor and may cause many problems on a social 
basis. Various examples of this can be seen in the transformation and renewal 
activities in urban areas, especially in slum areas. Most people, with a natural 
reflex, depend emotionally and economically on the physical areas where 
they grow or live for a long time.  

Dislocation of residents and businesses affects their physiological and 
psychological health, and therefore, the issue of housing supply is an 
important social justice issue that draws attention to modification and 
relocation of the dwelling (Lai et. al 2018). Although there are many 
components of the urban transformation phenomenon, it is an important 
success indicator that the transformation and beneficiaries meet at the 
common denominator.  

Essentially, it is complicated to define processes of urban transformation. 
The complexity types are below (Nestico and Sica 2017):  

•Function complexity, resulting from the simultaneous presence of both 
public and private functions;  

•Complexity of the parties involved, as each one of them has its own 
personal objectives;  
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•Resources complexity, due to the scarcity of financial resources 
available. 

The phenomenon of urban transformation became an issue for the first 
time with the interventions to revive social and economic collapse areas in 
the cities of developed Western countries. In general, it has been in the form 
of the implementation of projects that will contribute to the economic 
development of the city. Specifically, it has implemented in residential areas 
where the city has lost its population and social solidarity or where low-
income groups live in poor economic and physical conditions such as old 
empty port and industrial areas. In the Turkish planning system, it has not 
been implemented as a strategy to transform the urban planning system. 
Instead, it has practiced according to the contextual and implementation 
dynamics of Turkey (Ataöv and Osmay 2007). Financing residential 
investments by the social states in the West and ignoring the occupation of 
public lands by the Turkish states are the consequences of the same policies 
(Kurtuluş 2006).  

When the concepts of urban transformation and poverty are considered 
together, the effects of changes in slum areas and the changes in these regions 
on people and places emerge as a fact that needs to be examined at first hand.  

 

5. READING URBAN POVERTY ON THE BASIS OF 
TRANSFORMATION PRACTICES 
 

Urban transformation projects are conducted in various places in Turkey 
and in the world to convert urban slum areas to the urban residential areas 
of all sizes. Revisions in these settlements have important impacts on people's 
physical and social environment.  

In this context, the physical and social consequences of urban 
transformation practices are evaluated through interviews and observations 
at the scale of Kusunlar Neighborhood in Ankara.  

 

5.1. Kusunlar Neighborhood Urban Transformation Area 
 

Kusunlar Neighborhood, which is located 18.4 km from the city center, 
is one of the oldest slum districts in Mamak district in Ankara. This 
neighborhood is a residential area that has undergone an urban 
transformation within the scope of housing acquisitions for the lower income 
group. 1176 new residences and one social facility were built and their intra-
island or general infrastructure and environmental arrangements were made 
within this project.  
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While Kusunlar Neighborhood has been a slum area, new mass housings 
have been built after the pulling down of chanty houses in within the scope 
of transformation applications carried in Turkey. Interviews were made with 
people who previously had one of these chanties in the area and later settled 
in new types of housing. In line with these interviews, people's level of 
satisfaction with the new settlements was evaluated with an objective 
approach.  
 

 
Figure 1. Location of Kusunlar District (Original 2019) 
 

Accordingly, determinations have been made especially in relation to 
outdoor use, accessibility to green areas and neighborhood relations. The 
local people were asked whether they were satisfied with the environmental 
regulations especially in the area they live in. Most of the respondents 
expressed their dissatisfaction because of the reasons that follow: 
 

• Neighborhood relationships trapped between blocks 
•  Slum type residences have a garden of their own, albeit partially, so 

easy access to the green area. 
• People's living habits, which they brought from their previous homes 

and long for, such as planting vegetables in their little garden or 
feeding chickens.  

• Infrastructure and transportation problems in mass housing areas 
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could not be resolved. 
• Lack of sense of belonging 

Figure 2. Kusunlar Neighborhood before (URL 2) and after (URL 3) the 
transformation process  
 

 

As part of the renovation, although the houses built in Kusunlar 
Neighborhood and its surroundings are physically more comfortable than 
previous slum settlements (using natural gas instead of coal, maintenance of 
green areas, etc.), interviews show that the level of satisfaction is lower. The 
majority of local people express their longing for the old lifestyles. This 
analyze is very important for understanding the effects of radical changes in 
residential settlements on people.  
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6. CONCLUSION AND ASSESSMENT  
 

Poverty is one of the most important problems in the new world order. 
Factors such as unemployment, income distribution imbalances, 
industrialization process and lack of education triggered this problem. Global 
capitalism sharpens contradictions, increases the wealth of the rich and 
makes the poor even more impoverished.  

Some values of people's lives must be protected within the social state 
norms regardless of whether they are poor or rich. These should include 
rights of shelter, education and health as well as access to the green area. 
Scientific studies on the positive effects of green spaces on human psychology 
and physiology are increasing day by day. Initiatives for people to live in 
qualified residential areas, green spaces with social facilities are very 
important and necessary applications to support. However, while 
conducting such studies, local people should be informed in advance and 
prepared for the process. Because it is a difficult process for people to break 
away from their settlements, where they spend time not only physically but 
also emotionally, they feel belonging and they have connection with their 
rural lives. In this sense, urban collapse areas should be determined and long-
term projections should be developed and studies should be carried out with 
a participatory approach. In addition, in order to develop on a national scale, 
transformation policies should be followed by a conscious team, by being 
careful at every stage and by receiving state support.  
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INTRODUCTION 

Today, with the inclusion of cultural landscape in such areas as science, 
politics, planning, etc., defining and understanding the transformation of 
cultural landscapes, along with the management of such areas, are studied 
more on academic level. As a matter of fact, this term has developed with the 
evolution of the understanding of protection within the last 30 years. The idea 
that the protected areas are integrated as a whole formed with the time factor 
through the interactions with people, social environment and ecological 
systems, rather than simply through the protection approach of 
“preservation” by means of isolating the same from its environment within a 
large scale range from a single structure to an area, has been discussed in a 
number platforms (Fairclough, 2003; Taylor, 2012). UNESCO defines 
“historic landscape” as “the urban area understood as a result of a historic layering 
of cultural and natural values and attributes, extending beyond the notion of historic 
centre or ensemble to include the broader urban context and setting”. Bearing the 
obligation to preserve and improve its values via public participation and 
policies, the urban landscape can be defined as a unique characteristic of each 
city (Tanrıverdi, 2016). 

Through and within the scope of a number of overlapping disciplines, 
which can be summarized as urban, cultural, natural and rural landscape 
management was the landscape approach developed. Territorial governance 
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“Landscape”, on the other hand, can be recognized as a complex notion. 
Therefore, it is a must for the landscape, along with the “landscape approach” 
to be defined within a more detailed manner. For many academic and 
professional disciplines, landscape is a vital concept. Developing a landscape 
approach is substantially intertwined with landscape theory as a concept, 
since it develops in cultural geography and urban studies. In this case, 
landscape refers to the way in which humans affect geographical space as 
well as the real places. As of 1992, 'Cultural landscape' has been used in the 
World Heritage Convention (WHC) Operational Guidelines. The concept 
was set out in supranational policy in 2000 by the 'European Landscape 
Convention.' However, the ideas which come together in a landscape 
approach can be found in many other supranational policies. Promoting and 
encouraging the adoption of further integrated heritage management 
strategies has for at least four decades been the target of many initiatives 
globally at the supranational level by IUCN, ICOMOS, CoE, OWHC and 
UNESCO, as well as by other local and national organizations (Veldpaus, 
2015). 

The approach of UNESCO to manage historic urban landscapes does 
seem to be comprehensive. It incorporates the objectives of conservation of 
the urban heritage along with those of social and economic development. 
This method considers urban heritage as a social, cultural, and economic 
asset for urban development. The Historic Urban Landscape 
Recommendation was adopted by UNESCO General Conference on 10 
November 2011. The historical approach to urban landscape moves beyond 
preserving the physical environment, as well as concentrating upon with all 
its tangible and intangible qualities on the entire human environment. What 
it aims is to improve the sustainability of planning and design interventions 
through taking into consideration the existing built environment, intangible 
heritage, cultural diversity, socio-economic and environmental factors, along 
with local community values (Bokova, 2012). 

The historic approach to urban landscape considers and interprets the 
city as a time and space continuum. Countless groups of the population left 
their mark, and continue to do so even today. It considers cultural diversity 
and creativity, as an approach, as key assets for the development 
of humankind, along with social and economic aspects. It is an alternative 
means of breaking the city up into different protected areas through 'zoning' 
and thereby forming ghettos of historical preservation. To this end, UNESCO 
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is working with cities to facilitate the incorporation of economic, social, and 
cultural issues into urban development planning, design, and 
implementation. This strategy has delivered quite positive and inspiring 
results in a number of cities. A balance is achieved for each local situation 
between the preservation and conservation of an urban heritage, economic 
growth, accessibility, and a city's livability. While the needs of the current 
residents are answered to, the natural and cultural resources of the city for 
future generations are sustainably enhanced. There is no dispute between the 
different approaches – heritage, economic, environmental, and socio-
cultural; they are rather complementary and their long-term success depends 
on them being connected around each other (Bokova, 2012). 

Cultural Importance of Historic Environments 

Belonging to the periods in which they were built, historic environments 
are the settlements that describe a lifestyle, perspectives, architectural style, 
artistic and aesthetical mindset, thus having a common language. Bearing 
cultural, social, economic and artistic traces, historical circles can be descibed 
as a bridge from the past to the future and they also carry the traces of 
traditional city cultures. 

The objective in the protection and renovation of the historic 
environments is to ensure the historical and cultural continuity, while 
rejuvenating the historic environment within a healthier manner in line with 
modern living standards yet not letting the same to lose its identity, utilizing 
the historical structures that are in the structural stock, as well as protecting 
the urban landscape and traditional settlement model. For this reason, it is of 
crucial importance to carry out studies and works oriented at protecting the 
historic environments that are in renovation and transformation in terms of 
the sustainability of physical and social structure (Çelik Yazgan, 2007).  

Thoughts on protection were brought in by the deterioration process 
within historical environments. Historic city centers were protected and 
survived bringing the past to present with samples of monuments and civil 
architecture (Çetinkaya and Özdemir, 2016). There is a rapid change in many 
areas in today's world and correspondingly new fields of science have 
emerged. Parallel to this, some long-term values have begun to be of greater 
importance and more studies have been conducted in order to investigate, 
save and hand down from them to the next generations. The meaning of 
"community" has a distinct significance in this understanding and many 
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assumptions are made about the nature of the concept. Culture in the human 
sciences is mostly recognized as "a community's common life style" 
(Tümertekin and Özgüç, 1997). As a learned practice, cultureis handed down 
by societal standards to the next generations with remarkable coherence. The 
similarities in voice, behavior, lifestyle, philosophy, tech nology, value 
systems and learned knowledge bind people in a community and enable 
them to build the world they live in (Öcal, Altuner 2014). It is possible for the 
Cultural Urban Landscape to play a role in sustainable development, can 
only be yes if we have the ability to provide empirical evidence of the 
contribution of cultural heritage to enhancing the city's economic, social and 
environmental efficiency. Convincing public, private and social actors about 
the convenience (economic, social, environmental benefits) of conserving / 
regenerating cultural heritage is crucial (Nocca and Girad, 2018). 

Protection in Historic Environments 

The term “Culture” can be defined as the whole of the material and 
spiritual characteristics that a society produces and transmits from 
generation to generation in the historical process. Culture forms the identity 
of a society, making it different from other societies, thus becoming the way 
of living and thinking of the society, itself. Within this context, the cultural 
values of the cities are of value with regards to the architectural heritage of 
not only the city, but also the society. These values of the city are neglected, 
ignored in the urbanization process especially in Turkey, which consequently 
take irremediable damages.  

Within this period of three major challenges that the cities are facing 
(economic, social and environmental crisis), it is of importance to understand 
and demonstrate the role that cultural heritage could play in sustainable 
development. Demonstrating the capacity of cultural heritage to increase 
towns' economic, social and environmental productivity is also important. 
City efficiency is related to the city's capacity to produce new added values 
starting with its usable resources (rate between output and input). Not only 
are they referred to as the city's good economic performance but they also 
involve social and environmental aspects. Cultural heritage can be seen as an 
input in this development cycle, which can lead to the improvement of cities' 
economic, social and environmental output through the lens of landscape. 
The ability to generate multidimensional benefits are dependent on 
strategies, policies and actions adopted that, in turn, depend on various 
aspects (i.e. city size, bond intensity, and relationships) (Nocca and Girad, 
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2018). 
Within the scope of the protection of historical – cultural environment, 

various scales from the protection of a the whole city or the system of cities 
deep down to the protection of a single structure (structure details) can be 
subjected to protection. Acceptance of the need to protect the historical – 
cultural environment assets by the society is based on various reasons, which 
are given and can be classified as follows: (Mazı, 2009).  

• Protection as the as the tool of creating an identity like local, regional, 
national, religious aspects, etc. 

• Protection based on its aesthetical – artistic values, 
• Protection based on its touristic income,  

Protection oriented at handing down the inheritance from the predecessor to 
the next generations as a social culture product (Kiper, 2004). 

Location of the Research Area 

With over 8 million inhabitants, Andalusia is the most populous region 
in Spain, representing 18 per cent of the country 's population. Historically it 
has experienced tremendous development and change in living standards as 
a crossroads of three cultures: Christians, Muslims and Jews (URL 1, 2020) 

As the capital of the province with the same name, Málaga is Spain's fifth 
most densely populated city. It is located in a privileged spot in the South of 
the Iberian Peninsula. The city spans 398.25 square kilometers and has a 
population of almost 568,000 inhabitants, while the metropolitan area is 
home to nearly a million people. Maritime influences, its location in two river 
valleys (the Guadalhorce and the Guadalmedina), its topographical relief and 
its climate are the main environmental and geographical factors that have 
affected the evolution and development of the city. While Mediterranean Sea 
bathes the coastline of Málaga, the surrounding Málaga Mountains form a 
peak barrier that protects it from the cold, while the controlling effect of the 
sea gives the city its characteristically mild temperatures. July and August 
are the hottest months. The coldest time of the year is usually December and 
February. Average temperatures are between a 22,8 ° C maximum and a 13 ° 
C minimum. Rainfall follows the seasons in Málaga, with the most abundant 
rainfall occurring in autumn and winter. Málaga possesses tremendous 
environmental resources as a natural heritage. The natural environment of 
the Guadalhorce estuary, at a 122-hectare island demarcated in its final 
stretch by the river's branches, is a resting point for hundreds of migratory 
species. It is also recognized for its great ecological value. The Montes de 
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Málaga Natural Park covers an area of 4,996 hectares, home to over 230 
species of plants and over 160 species of vertebrates (Tuimagina Editorial, 
2016). 

Despite being an inhabited area since prehistoric times, the first 
foundations of Málaga were laid with the arrival of the Phoenicians and their 
Malaka colony settlement in the Guadalhorce estuary region of natural 
beauty (Paraje Natural Desembocadura del Guadalhorce). 

Phoenicians, Carthaginians and Iberians in Málaga; These Semitic 
traders set up a number of colonies in the region since there was plenty of 
smelting iron, and a fishing industry to produce purple dye or salt. During 
the second half of the 6th century, after the Carthaginians started to control 
commerce activities, the Phoenician colonies were left abandoned and the 
Carthaginians settled on the southern Spanish coastline. Throughout the 
centuries as from the late 6th century BC until the change of the period, the 
territories of Málaga were inhabited by two groups of people: those living in 
the coastal region known as the Lybio-Phoenicians and those living inland 
who were referred to as the local, Iberian or Turdetani people. 

The Roman conquest; Romans began fighting the Carthaginians at the 
end of the 3rd century AC, conquering the region, and unifying its citizens. 
Latin was introduced, and the inhabitants', thus changing the customs. 
Málaga was made a part of Ulterior Hispania. 

The Roman Empire; After two centuries of hegemony, Málaga began to 
take advantage of new communication routes connecting it to other 
territories. New legal statutes have been received along with the Lex Flavia 
Malacitana (municipal code of law, where it granted the privileges of Roman 
citizenship to free-born persons) enforced in the year 81. Certain fragments 
of this statute still can be read today at the Málaga Roman Theatre's 
Interpretation Centre. At this point, we can see remains from this period and 
even the Roman Theatre itself, amongst the most important monuments of 
the city but still used as an area for performances currently. In the glass prism 
in Calle Alcazabilla you can also admire the garum pools which were used to 
make Roman fish paste. Garum was of crucial importance in terms of being 
a part of the economy in the Roman history of Málaga and had been exported 
to other parts of the Empire (URL 2, 2020). 

The Later Empire; During the 3rd and 4th centuries major changes took 
place in all parts of the Empire. It thus affected long-established beliefs, and 
substantial spread of Christianity began. Byzantium dominated the area after 
the fall of the Roman Empire, until the Visigoths expelled it at the beginning 
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of the 7th century. 

Cultural Structure Characteristics of the Historic City Center 

• Alcazaba 
 

The Alcazaba is among Malaga's most prominent historical bulding. Is 
ID considered to be one of the most representative of the Islamic period 
military fortifications in Spain and was designed and restored continuously, 
but most notably from the VIIth to the XVth centuries (Riedere, 1996). The 
fortification broadens along a slope that climbs eastwards. It is linked by a 
wall to the Castle of Gibralfaro, which stands on top of the same hill. 
They form one of the strongest systems of fortification in Islamic Spain. The 
Alcazaba's double circumference wall was pro-probably built by one of the 
Berber rulers of the 11th century to replace the older Arab fortifications. 
During the 13th and 14th centuries a number of towers were subjected to 
renovation. 

  
Figure 1: Alcazaba, Malaga (Original, 2019) 

 
Built over during the Nasrid period, the Alcazaba in Malaga still 

preserves a group of rooms belonging to the palace of the 11th century; an 
open sea-facing pavilion with interlocking arches and a three-bay arcade to 
the portico. The slender columns carry arches of nearly circular horse feet. 
The patterning of the facing of the arches with smooth and decorated 
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voussoirs, although limited here to the tops of the horseshoes, the peculiar 
arrangement of the rear mouldings and the painted initial portion of the 
arches are all a legacy of the Caliphatera; here the decoration must be more 
monotonous and in lower relief. Moorish  

 

• Roman Theatre of Malaga 
 

Malaga 's Roman Theater is located in Málaga city, in southern Spain. 
After the Second Punic War, the city of Malaka had an increased importance 
as exporting harbor for minerals as well as fish sauces in the booming Roman 
economy. Málaga Theater is the most significant surviving vestige of the 
history of Rome in the town. It dates back to the early years of the Empire, 
when theaters were being established as effective vehicles for imperial 
propaganda in virtually every Roman town and region. The theater was both 
a place for entertainment and a political arena, the perfect public setting for 
pushing the notion of Roman power and social hierarchy back home. The 
well-preserved, medium-sized theater in Málaga, situated in the centre of the 
historic quarter of the city, was discovered by mistake in 1951, when building 
work on the new Cultural Center uncovered some part of the remains. This 
building's history, along with the recent discovery and renovation for public 
enjoyment can be seen in the Visitors' Center, highlighted by selected 
archeological objects found on the site during various dig campaigns. Málaga 
's Roman Theatre was designed on the traditional model introduced by 
the Roman architect Vitruvius. A mixture of constructive approaches was 
used, supported by the natural incline of the hill and the rest standing on 
concrete foundations, a substantial part of the cavea (tiered sitting area) 
(Compana et al., 2014). 

In today's world, w e can see the ima and media (lower and middle) cavea 
today, but no trace of the upper tier, the summa cavea, or its portico was 
found except for the steps that once led to this seating area. Here's where the 
masts and velum rigging, a structure of fabric awnings to cover the viewers, 
would have been. The semicircular orchestra lies at the foot of the cavea, 
where a small group of spectators – normally prominent citizens – may sit on 
marble seats such as the one preserved at Málaga Theatre. This area was 
richly decorated with huge marble slabs that stretched over the side corridors 
that were vaulted. We find a marble inscription from the Flavian period 
between the orchestra and the scaena, though the stone itself is older because 
the text was carved over an earlier inscription. It took substantial amounts of 
hard cash to build such buildings, and the local elite usually found the bill. 
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They openly recognized their philanthropic contributions in inscriptions on 
the buildings they funded, raising their prestige and influence and justifying 
the exercise of political power in the eyes of the people. In Hispania and the 
western provinces in general, the early construction of theaters was probably 
not due to the rapid popularization of the theater as a genre.  

 
Figure 2: Roman Theatre of Malaga (Original, 2019) 

 

They were constructed not by popular demand, either from local residents or 
from the Italian minority, but as a means of exercising socio-political power 
that was required by the State. The need for entertainment and entertainment 
for the people was not a major consideration. As a matter of fact, few events 
in theaters could be considered entertaining, and the pre-Roman people 
probably had their own type of theater (Consejeria de cultura y patrımonia 
historico). 

 

• Cathedral of Malaga 
The most emblematic structure in town is the Catholic Cathedral of 

Malaga (southern Spain), situated in the historic centre. The construction 
began in 1528 and was finished in 1782, suffering many interruptions and 
modifications at the hands of various architects, while superimposing 
different architectural styles: the interior section is Renaissance, while the 
façade is predominantly Baroque. Though it was constructed with two 
towers, there was only one tower which was planned to build. The interior 
section of the cathedral is of Renaissance style: a basilica ground plan 
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(rectangular) with three naves of the same height, the largest of which is the 
central nave. The whole temple is supported by wide columned pillars with 
a capital through which emerge new pillars with pilasters that support a 
semicircular dome network. The height of these domes is about 42 m away 
from the ground. Light penetrates the interior through the windows, and also 
through the chapel windows, through the triple arches open at the height of 
the second body (Alvarez et al. 2011). 

 
Figure 3: Cathedral of Malaga (Original, 2019) 

 
• Jardines de Pedro Luis Alonso 

 

Jardines de Pedro Luis Alonso, a garden established on Mediterranean 
lines by architect Guerrero Strachan in 1945, is one of the post-war historic 
gardens designed to imbibe both Hispanic and French styles. It is one of 
Spain's popular spots depicting Malaga 's extraordinary botanical richness. 
This garden covering an area of approximately 6500 square meters, there are 
beds with low hedges in order to to provide colour and symmetry, orange 
trees for shade, colour and aroma and ponds and their spouting water 
(Serratosa et al., 2007). These details present contrast, along with cooling 
sounds and sensations. A noteworthy feature is the 75-variety rose garden 
from around the world. This style, by architect Guerrero Stachan, allows an 
intelligent connection between the Park and the Dark Entrance Gardens 
(Puerta Oscura Jardines). The garden is also in harmony with the Alcazaba 
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and Gibralfaro walls and the government building. Few places in Málaga 
display the connection between architect and botanist this much clear. 
 

 
Figure 4: Jardines de Pedro Luis Alonso (Original, 2019) 

 
• Plaza de la Merced 
It's one of the city's loveliest squares. The Monument to Torrijos is at its 

center, a large obelisk which dominates the square. It is also considered to be 
the location where Picasso took his first move, as the Fundación Picasso 
Museo Casa Natal is situated on one side of the square in the buildings, called 
Casas de Campo. In the 15th century the square was a public market and in 
the late 19th century it was a place of entertainment and leisure area for 
people. At the center of the Plaza de la Merced, look for a neo-classical obelisk 
that was built here by the town hall in 1842 (replacing a fountain) in memory 
of General Torrijos to remember the "49 victims who, because of their love of 
patriotic independence, were sacrificed in this town on December 11, 1831" 
on the four sides of the obelisk, can read the names of the 49. Check out for 
Mr Robert Boyd sounding rather un-Spanish (Palop, 1999). 
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Figure 5. Plaza de la Merced (Original, 2019) 
 
 

• Fuente de Génova (Genoa Fountain) 
A Renaissance-style Marble Fountain from the 16th century. The sculptor 

is unknown yet it is believed that the work was sculpted in Genoa. Today, it 
is still located in the Plaza de la Constitución, where it was originally built, 
although it has passed through many locations such as the Alameda or the 
Park until the Square was remodelled in 2003, when it was eventually moved 
to one side. It was named after Charles V (1788–1855) who had ordered its 
construction in the town for a certain period of time (Málaga Ciudad Genial, 
2016). The central basin has 12 sides of Ionic ornaments, and webs are borne 
on four-petalled roses, separating them at their vertices.  

The stem is divided into several parts at the fountain 's centre. There are 
three mermaids with forked tails at its base whose hands are joined by the 
floral wreaths which they carry. There are three female figures in the next 
section partially covered by a cloth to which the dolphings join. Water falls 
from 8 pipes at the top of the second pool, on which three figures sit. Neptune 
is one of these, carrying a trident who is accompanied by a dolphin. Three 
children and an eagle crown the fountain after the final bath. From the beak 
of an eagle, water falls. 
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Figure 6. Fuente de Génova (Original, 2019) 
 

CONCLUSION 

Cultural heritage is vital for both today and the future of cities. To 
understand and manage any historical urban environment, the city should 
not be considered a fixed monument or a community of buildings. It is 
necessary to accept that it is the object of dynamic forces in the economic, 
social and cultural environments that have shaped and continue to shape 
historical cities. The city of Malaga is the oldest residential area of the 
Andalusian region and has various historical and cultural heritage. The city 
has reached today by preserving its historical structural material and 
plantation texture. It also contributes greatly to the economy of the country 
because it is a touristic city. As a result, the protection of historical cities and 
the transfer of cultural heritage to future generations contribute to the 
country both socially and economically. In addition, the cultural and artistic 
features of the period, the way of life and the structural elements revealed by 
religious beliefs convey to us. 

 
 

 



416 
 

REFERENCES 
 

Álvarez, L. Alonso, A., Zamarreño, T., Girón, S. and Galindo, M. (2011), 
Virtual Acoustics of the Cathedral of Malaga (Spain). Instituto 
Universitario de Arquitectura y Ciencias de la Construcción, Universidad 
de Sevilla, Av. Reina Mercedes, 2, E. T. S. de Arquitectura, 41012 Sevilla, 
Spain. Conference: Forum Acusticum At: Aalborg (Denmark). 

Barrucand, M. and Bednorz, A. (2002). Moorish Architecture in Andalusia. 
Koln: Taschen. 

Bokova, I. (2012). United Nation Educational, Scientific and Cultural 
Organization, New life For Historic Cities” The Historic Urban Landscape 
Approach Explained”. General of UNESCO at the World Urban Forum, 
Naples. 

Consejeria de cultura y patrımonia historico. (Accessed: 5 June 2020). 
Compana, Jose & Cabeza, Aurelio & Aranda, Miguel & Leon-Reina, Laura & 

Corrales, Pilar & Corrales, M. (2014). Terra-cotta figurines from the Roman 
theatre of Malaga (Spain): An archaeometric study. Boletín de la Sociedad 
Española de Cerámica y Vidrio. 53. 139-148. 10.3989/cyv.182014. 

Çelik, D. Yazgan, M. (2009). Kentsel Peyzaj Tasarımı Kapsamında Tarihi 
Çevre Yenileme Çalışmalarının Araştırılması: Beypazarı Örneği1. 
Tekirdağ Ziraat Fakültesi Dergisi, 6 (3). 

Çetinkaya, S. Özdemir, H. (2016). Urban Landscape Design Princiles in 
Historical Environments, a Case Study on Zeyrek, İstanbul. International 
Journal of Cultural and Social Studies, June 2(1), ISBN: 2458-938. 

Fairclough, G. (2003). Cultural Landscape, Sustainability and Living With 
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Öcal, T., & Altuner, H. (2014). The Importance of Historical and Cultural 



417 
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INTRODUCTION 

It is a universal admission to protect historical environments, which are 
an important component of identity elements, and to re-evaluate these 
environments while preserving them; As a sustainable strategy, the practical 
consequences of re-functioning and the conceptual values of conservation 
support the re-functioning of buildings of historical value (Bullen and Love 
2011). The primary requirement for the preservation and survival of cultural 
heritage in the process is the integration of historical structures into today's 
use. These new functions, which are clothed on the buildings during the 
transformation period, may overlap with the original functions of the 
buildings or may contain contradictions (Tanaç Zeren 2010). However, the 
functions of the structures should be in interaction with the social, cultural 
and economic characteristics of the society. During this function interaction, 
the maintained concepts that symbolize the memory of history are the 
important point it (Sinan 2011) and the building is viable, not the function 
(Cantacuzino 1989). 

This process, as in other cultural assets, makes it difficult to preserve and 
use the functions and unique characteristics of traditional residences and may 
require its use outside of its current function (Dikmen 2017). Traditional 
residences that reflect the identity, culture and lifestyle of the user are unable 
to provide comfort conditions today, which affects the usability of the 
residences. It is especially adapted to today's conditions and re-
functionalized to maintain and repair; it can ensure its survival without 
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losing its values such as historical, aesthetics and originality (Ahunbay 2013). 
According to the International Monuments and Sites Council (ICOMOS) 
Traditional Architectural Heritage Regulation in 1999, civil architecture is the 
basic expression of the culture of a society and reflects the cultural diversity 
of the world while showing its relationship with its region. For this reason, 
preserving civil architectural examples is as important as monumental 
structures. 

States in the protection of historical monuments in Turkey, under its 
ownership "I. It protects large-scale public buildings which are included in 
the definition of "Group Structures”. But “II. The group cannot protect the 
civil architecture examples in the “Structures” due to the deficiencies in the 
legal infrastructure. It cannot adequately protect the civil architecture 
examples in “Group Structures” due to deficiencies in the legal infrastructure 
(Official Gazette 2005). Conservation awareness and inadequacy of 
conservation policies in this sense make it difficult to protect and sustain the 
traditional houses that constitute our cultural heritage and witness our past, 
and these unused structures face the danger of extinction in the process 
(Dikmen 2017). 

According to the data within end of 2019 in Turkey, there are 113,137 
registered immovable cultural assets; 71,414 of these are civil architecture 
samples (URL 1). The protection of traditional houses, that have an important 
place in the civil architecture examples, which constitute 63% of all 
immovable cultural assets, is an important issue (Figure 1).  

Number of Registered Immovable Cultural Properties in Turkey 
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Figure 1: Number of Registered Immovable Cultural Property in Turkey 

As the reflections of the change of life style in the changing and 
developing world are very sharp, it is perhaps the most difficult to protect 
the house (Yurekli and Yurekli 2007). These difficulties also accelerated the 
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abandonment of traditional houses, which reflect the unique identities of the 
cities.In this sense, it is necessary to take measures through the laws to the 
problems that will be encountered in the protection of the structures as a 
result of the re-functioning. In this process, Turkey in 1973, 1710 No. works 
with law "urban site" concept was introduced by the law instead of the law 
in 1983, 'Cultural and Natural Heritage Protection Act' and through the 
establishment of protection in areas of urban conservation nature of 
"conservation plan" to make the foresaw. Also; In 1984, as a result of the 
relevant legal regulations in the Zoning Law, the municipalities started to 
prepare "urban transformation projects". In this law, some articles were 
changed in 1987 and 2004, and new articles were added and it was foreseen 
that local administrations could perform historical environmental protection 
projects and practices in 2004 (Doganer 2013). In 2005, the "Law on renewal 
protection and use of worn historical and cultural immovable assets" came 
into force. With this law, it is aimed to build and restore cultural assets in 
accordance with the development of the regions that are registered and 
announced as protected areas, and to create residential, commercial, cultural, 
tourism and social reinforcement areas in these regions, to protect and 
survive natural disasters (Doganer 2013). With this law, the duties and 
authorities frameworks of local administrations for the protection of 
historical environments have been increased and expanded. Today, it is 
because local governments have restored the historical structures. 

Especially expropriations, which have an important feature among 
public administrations' acquisition methods, are for profit by opening these 
structures to the public. The expropriation law numbered 2942, which was 
the latest law regarding the expropriation dated 1983, is still in force and, 
together with the Law no. Thus, together with the law in 2005 (“Law on the 
renewal protection and use of worn historical and cultural immovable 
assets), local governments added traditional structures to the expropriation 
process; It aims to increase the financial, environmental and social 
performance of buildings through re-functioning (Langston et al. 2007; Bullen 
2007). At the same time, private institutions or individuals reuse their 
residences with a different function other than their current function. Today, 
the number of traditional residences that have been repurposed for many 
purposes is quite high. For this reason, the proper management of the re-
functioning process of traditional houses and the implementation of qualified 
applications are an important issue for the positive post-function 
performance. 
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Spatial Performance in Traditional Houses 

The concept of performance, in its broadest sense, is “a concept that 
arises as a result of a predetermined activity in order to reach a certain goal, 
and that it presents in terms of quality and quality” (Akal 1998). In the areas 
related to architecture and other design, "usage satisfaction" is defined as 
"usage behavior". In order to determine the performance of a building, the 
outcome of the activity performed should be measured (Akçakaya 2012). 
Performance measurement is the process of evaluating the efficiency and 
effectiveness of the current situation (Chin Pun 2003; Bayyurt 2007). The 
survival of the traditional house and its texture with its new function, which 
is the prediction of the concept of sustainable protection, depends on the 
suitability of today's needs (Gültekin 2007). The suitability of the proposed 
function for the building and the adoption of this function by the users 
contribute to the building's social service and healthy preservation as well as 
in the context of sustainability and livability. The structures to be protected 
should be in the service of society and they should be kept alive with their 
original structures and this is possible by providing correct function and 
especially technical, functional and aesthetic requirements (Urak 2002; 
Dikmen 2017). The evaluation of whether these conditions are met or not 
determines the performance level of the building. Thus, in order to ensure 
the sustainability of the house with its new function, protection and usage 
interventions are made for the spatial performance level determined by 
evaluating the usage process (POE). Assessment in Use Process (POE) is the 
process of systematic and regular assessment of the built environment, the 
application phase of which is finished and used for a certain period of time. 
POE focuses on the users of the built environment and their needs, and 
questions past decisions that have an impact on the environment. The 
information thus obtained forms the basis for building better environments 
in the future. 

In order to measure performance in traditional houses, performance 
dimensions must be determined first. Preiser and Vischer (2005) group 
performance criteria into environmental, economic, functional, physical and 
service performance. Lützekendorf et al. (2005), he analyzed the performance 
levels in 6 different categories: functional, technical, economic, 
environmental, social and process performance. Sanoff (1977) talks about 4 
different performance levels: functional, economic, symbolic and structural. 
Pinto (2008), in his studies for reused buildings, evaluated the evaluation 
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criteria, which he called compatibility assessment, in three categories. These 
are perceptual-cultural, morphological dimensional and technical-material 
boundaries (Yaldız 2013). Preiser et al. stated that the performance 
dimensions in the house consist of three components: technical, functional, 
behavioral / aesthetic. 

Behavioral performance; It deals with the sociological and psychological 
aspects of its impact on the physical environment and human behavior and 
satisfaction (Dinç 1999). Spatial features include topics such as frequency of 
use of space, orientation in circulation areas, and the effect of distance of 
functions on use (Diren 2012). Technical performance; health, safety, 
structure etc. of the environment. is related to the conditions. These are the 
evaluations expressing the effectiveness of the components and elements of 
the building components and their fulfillment of their duties and to what 
extent the objectives are achieved; It covers structural, physical and other 
technical features (Lutzkendorf et al. 2005; Yaldız and Asatekin 2016;). 
Symbolic Performance; In the built environment, the symbols, the process of 
transmitting meaning of the icons or the symbolic value of the built 
environment determine the symbolic performance value of the environment 
(Karagenç and Ünügür, 2002). In the symbolic performance, the subjects such 
as perceptual values obtained by the users from the environment and the 
effect of the building icon on the users and non-users are examined (Yaldız 
and Asatekin 2016). Environmental Performance; It is defined as the 
performance and the measurable consequences of managing the 
environmental conditions of a building in relation to environmental impacts 
and environmental conditions. (Metin 2016). These results are taken into 
account in the local and global environment (Lutzkendorf et al.,2005). 
Economic Performance; It is examined under two different titles as real 
building performance and cost performance. It covers issues such as 
investment, design and planning, building and construction, demolition, cost 
of ownership (Lutzkendorf et al. 2005), as well as income flow and return on 
investment (Yaldız ve Asatekin 2016). Process Performance; It is the 
performance dimension that expresses the efficiency and success of the post-
function process. Examines the relationship between targeted and achieved 
efficiency. Within its scope, the issues such as validity and effectiveness of 
the design, planning and construction stages, management of building 
services, monitoring of technical systems, waste management (Lutzkendorf 
et al. 2005; Yaldız 2013) are covered in time and quality and context. 
Perceptual Performance; “The attractiveness, spaciousness and pleasantness 
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of the spaces that the structure contains, such as the geometric form of the 
space, its dimensions and the relation of the space with open / circulation or 
closed spaces, size, color and material properties are covered in this 
performance category” (Yaldız 2013). Cultural Perception Performance; It is 
explained as the preservation of its historical feature, originality, symbolic 
meaning and emphasis on its historical cultural value in the mind of the user 
of the historical building used with its new function (Yaldız 2013). Functional 
performance is; The evaluation of the spatial organization of the building 
arises from researching how the use and purpose of use is affected. Topics 
such as spatial relationships, dimensional properties required for the user, 
communication, circulation criteria, usage areas are investigated (Diren 
2012). 

Considering the classifications in the literature, it is seen that researchers 
mostly deal with functional performance among the performance 
components in the residences. The study focuses on functional performance 
as one of the most important topics among the performance components in 
traditional residences. 

The fact that the number of traditional residences that have been used 
and re-functioning in Turkey has increased gradually, and the fact that the 
house has not been able to meet the current functional needs as a result of 
wrong practices and wrong function selection is one of the biggest problems 
that we encounter in this process. This situation causes the houses to become 
unusable over time. For this reason, determining the functional performance 
in the dwelling as an indicator of user satisfaction and space quality is 
important for producing future-oriented solutions. Thus, in addition to 
ensuring the deficiencies to be seen in accordance with the historical data; 
elimination of these, the factors affecting the performance can be determined 
and controlled and precautions can be taken. 

Functional Performance 

It deals with the usability of the building's utility programs, quick 
accessibility, changing user requirements and adaptability to different uses 
(Lutzkendorf et al. 2005). In addition, it aims at the satisfaction of the users 
from the building and is an indicator of the building's livability capacity 
(Yaldız & Asatekin 2016). The original character of the building should be 
taken into account when planning a re-functionalized building to meet the 
needs of the given function (Fakıbaba Dedeoğlu 2019). 
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Functional performance; the evaluation of the spatial organization of the 
building arises from researching how the use and purpose of use is affected. 
In the measurement of functional performance, spatial relationships, 
dimensional dimensions required for the user, communication, circulation 
criteria, usage areas, function of changes in needs or changes in function. It is 
known that both objective and subjective outputs are obtained by comparing 
the performance criteria of the building / environment built with the 
performance criteria determined by the user's goals and needs (Zimring and 
Reizenstein 1980). This also shows the success of adaptation to reuse and 
sustainability of the function. Since defining the spatial program for the 
building and deciding on the future of the building to be designed, the 
sustainability of the function in the building to be reused is directly 
proportional to the satisfaction in the usage process (Fakıbaba Dedeoğlu 
2019). The determination of user satisfaction in the space is possible with the 
post-use evaluation method of the building. The success of the building in 
adaptation to the new function can be determined by determining the 
functional performance values of the re-functioned traditional houses after 
use and the ability to respond to the new requirements. Thus, precautions 
can be taken for the problems that will arise or are expected to occur. 

MATERIALS AND METHODS 

In the study, a model will be developed for the performance levels of 
traditional residences whose functions have been changed. In this model 
proposal, both qualitative and quantitative research methods and techniques 
will be used in information gathering, analysis (field study) and evaluation 
stages. As a result, steps will be determined to prepare performance 
indicators depending on the level of quality after the reuse of traditional 
houses. 

RESULTS, DISCUSSION 

The study consists of three basic stages: information gathering, field 
study (analysis) and Evaluation. These stages, by revealing the relationship 
between functional performance and user satisfaction, provide the 
determination of performance indicators and reveal the relationship between 
the quality level of the structure and user satisfaction. In this direction. In the 
light of the data obtained from the user satisfaction, the factors that are 
effective in determining the functional performance and the steps of how to 
create the effect levels are determined. 
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Information gathering studies; literature research, introduction of 
buildings by scanning, preparation of inventories of buildings by on-site 
inspection and observation, survey and restoration projects obtained from 
the settlement, access to images of the old and new traitors of the site, and the 
features of the residence and its surroundings, user characteristics and usage 
status It includes processes and methods of gathering relevant information. 
As a result of all these researches, it is aimed to encode the data for the house 
and prepare the visuals. 

In field studies, the interventions made for the new function to the 
structure should be evaluated in terms of compliance with the protection 
principles and analyzes should be made to determine functional 
performance. Accordingly, field work should be handled under three 
headings. The first is to identify interventions on the structure. Spatial 
interventions, structural interventions and installation interventions at this 
stage should be identified. The second is action analysis and analysis of the 
element study. In the light of the 'action data cards' to be prepared at this 
stage, the action analysis and element studies of the new function of the 
building should be made, and the functional change schemes of the houses 
should be drawn out, and then analysis for spatial organization, spatial 
dimensions, equipment in the space and types of action should be done. 
Thus, the quality level of the building can be determined by testing the 
suitability of the spaces that the traditional house holds for the requirements 
of the new function. The third one is the analysis for the usage satisfaction of 
the building. At this stage, the needs based on user and structure relationship 
should be examined. The qualification levels / satisfaction level of traditional 
houses that have been re-functioned through subjective assessments 
(surveys, interviews) that measure the relationship between user 
characteristics, the new function of the residence, the spaces in the new 
function of the residence, and user satisfaction should be put forward. 

In the evaluation and conclusion part of the study, the relationship 
between the quality determination of the building and the level / satisfaction 
level of the building should be examined and the 'functional performance 
indicators of the houses' based on the protection criteria should be aimed. So; 
Suggestions to increase the space performance of the building for adaptation 
to reuse can be taken for the future re-functioning works. Thus, field studies 
based on the functional performance of traditional houses can be provided 
with similar steps. 
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CONCLUSIONS  

This model reveals the factors of the new function for the user needs of 
traditional residences used by changing the function (Figure 2). In the light 
of these factors, functional performance indicators will be determined in line 
with the user characteristics, physical environment qualities, structural 
features, suitability for the building purpose, creating a space suitable for the 
user characteristics and the emerging / emerging needs and related 
requirements. The resulting results will guide the intervention and design 
issues for traditional homes that will be re-functional in the future. 

 
Figure 2: Model proposal for the determination of Functional Performance 
Indicators 

The negative consequences (low performance) of the repurposing 
practices performed unconsciously in Turkey in recent years raise concern for 
the sustainability of the houses. This model Performance indicators in 
traditional houses play a guiding role in the implementation of quality and 
qualified practices in the re-functioning of the building. 
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INTRODUCTION 

The iwan, described as a semi-open space surrounded on three sides by 
walls with an opening in front, sometimes arched, and covered with a flat 
roof or cavetto vault, was first encountered in architectural history in 
Mesopotamia. Some houses with courtyards in the region of Mesopotamia 
that are dated to 3000 B.C. had what Leonard Wooley identifies as early 
versions of the iwan, described as deep spaces located between the service 
areas of one wing of the courtyard, covered with a flat roof, two blind side 
walls and an opening looking out on the courtyard (Woolley and Mallowan 
1976, 42). Woolley furthermore identifies the arched entrances of the 
reception room found in one wing of the courtyards of the large houses of Ur 
in the Ur III period as predecessors of the iwan (Woolley and Mallowan 1976, 
42).  

After this period, the iwan was seen as a part of Parthian and Sasanian 
architecture. It became a distinctive element of space and plan in the most 
impressive examples of Parthian architecture in Hatra, dated to the second 
century B.C., where it was seen in palaces, temples and homes (Safar, Mustafa 
1974, 142). Used in arrangements of one, two or four situated around the 
courtyard, the iwan serves a significant purpose in spatial organization. The 
organization of the iwan on the four wings of the open courtyard in the 
Parthian palace dating to the second century B.C. in Assyria, with adjacent 
rooms and other connecting spaces, points to a conceptualized plan (Keall 
1975, 129). Another example of early use of the iwan is witnessed in Sasanian 
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architecture. The throne room of the Tak-i Kisra palace in the city of Ctesiphon 
dated to circa 550 B.C. contains an iwan of a depth of 43.50 m. and a width of 
25.50 m., covered by a brick vault that is considered the world’s most 
magnificent iwan (Keall 1975, 125). An iwan plan has also been used in 
another Sassanian structure, the Firuzabad palace, where iwans oppose each 
other in the south and north wings of an open interior courtyard. Also during 
the Sassanian period, iwans can be seen positioned around the central space 
covered with a dome in the fire temples (Akın 1990, 35, 71).  

The courtyard house with iwan however is seen for the first time in the 
Parthian Period. The houses of the Parthian period used the iwan in their 
main living quarters, in widespread spatial arrangements that featured an 
iwan-room with or without stairs or a plan of room-iwan-room. Some of the 
iwans were columned (Reuther 1958, 124). In Assyria in the Parthian period, 
every house had at least one iwan in the south (Hauser 2012, 1017). The 
spatial organization of the houses of the Parthian period in Assyria was 
arranged in a room-iwan-room plan in the wings of the courtyard (Baird 
2006, 89). Another example of the iwan-house in the region during the 
Parthian period can be seen in Hatra. In the Parthian houses here, there are 
examples of a spatial concept consisting of iwan-rooms situated around the 
courtyard and two side rooms (room-iwan-room) opening into the middle 
iwan (Safar, Mustafa 1974, 149; Venco Ricciardi 1996, 311) In the large house 
in Hatra named Building A can be found again a room on each side of a large 
iwan on one side of the courtyard (Fig. 1). The spatial arrangement of room-
iwan-room can also be seen in the Parthian period in the Parthian palace of 
Nippur. Here, the spatial organization consists of a square peristyle 
courtyard, with a two-columned iwan situated immediately across from a 
columned hall of audience that has 2 rooms on each side (Bell 1914, 66). The 
tradition of iwan houses was quite widespread in Dura-Europos during the 
Parthian period. The houses of Dura are representative of the Parthian 
period, having iwans that are vaulted spaces that open out into the courtyard 
(Baird 2006, 39; 2014, 48). Access to Dura’s houses was predominantly from a 
street entrance. The dwan or iwan in these houses was a large central room 
accessible from the courtyard and was likely to be rectangular and situated 
in the middle of a monumental entrance with double doors. Houses with 
iwans were built in Seleucia under Parthian rule. Some megaron houses with 
arched spaces looking out into the court appearing here in level three (c. 144 
BC-AD 43) have been identified as “iwan houses” (Baird 2006, 39; 2014, 48). 

In the Islamic period, the courtyard with iwan was called the “Arab 
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Courtyard House,” because it was a form that was generally employed across 
the boundaries of the Arabian geography. This type of plan carried common 
features and was known by different names in Southeastern Anatolia, Syria, 
Iraq, Tunisia, Palestine, Lebanon, Egypt, Saudi Arabia and even in Iran 
(Ragette 2012, 98; Bienca 2000, 67). The fundamental characteristic of the 
plans of these houses, situated in hot climates, is the central courtyard. The 
courtyard is the main element of the structure. Another architectural 
archetype of the courtyard house with iwan plan is the iwan. The iwan (locally 
known as liwan) is the most unique characteristic of the iwan-courtyard house 
(the traditional Islamic-Arab house) (Fuchs 1998, 162). 

The courtyard house with iwan is an urban house and is called konak in 
Syria, Egypt, Iraq and Iran, where different typologies have been adopted. 
These houses were devoted to some kind of family trade and craftsmanship. 
This type of house is was also used as a dwelling for wealthy families. The 
aim of this paper is to describe the typological differences of the residential 
plan known as the Islamic-Arab house or the iwan-courtyard house, as it 
appeared in Syria, Egypt, Iraq and Iran. Towards this aim, the plan and 
spatial features of the “iwan-courtyard” house in Syria, Egypt, Iraq and Iran 
will first be introduced, after which the regional differences exhibited in the 
plans used in these areas will be described. 

THE COURTYARD HOUSE WITH IWAN IN SYRIA 

The type of iwan-courtyard houses found in Syria are urban residential 
structures where the extended family lives. The most handsome examples of 
these houses can be seen in Aleppo, Damascus, Hama and Homs. The oldest 
iwan-courtyard houses in the region date back to the Ayyubid period. Others 
can be dated to the Mameluke and Ottoman periods (Corpus 2003, 1; (Luz 
2004, 353; Luz 2014, 67).  

The traditional Syrian iwan-courtyard house is organized around one or 
more (three) courts. The houses consist of a courtyard that lies on a square, 
rectangular or skewed layout and one, two, three or four wings that surround 
it. The number of wings are proportionate to the size of the parsel and the 
homeowner’s wealth. The wings of the structure have been designed as one- 
or two-storied. The outer courtyard is the house’s selamlik, the inner 
courtyard is the harem section. The houses are accessed through a courtyard 
landscaped with plant life. The main entrances to the house are plain and 
have one or two wings made of wood. A narrow corridor leads from the 
entrance, at the end of which is a door to the private sections of the house. In 
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contrast to the simplicity of the outer facade of the structure, the interior 
courtyard is highly decorated. At the center of the courtyard stands a bürke 
or fountain pool or well. The landscaping of the courtyard stands out with 
arrangements of rose bushes accompanied by orange, lemon and other citrus 
trees (Al Abidin 2005, 43).  

The courtyard-houses attempt to portray the impression of paradise and 
therefore the trees, plants and pool are important elements of this symbolism 
(Al Abidin 2005, 42). The wings of the courtyard are decorated with 
interwoven geometric patterns. The north wing is the wintertime part of the 
courtyard and is characterized by a simple layout. The spaces here look 
toward the south, being designed as closed areas so that they will not be 
overly affected by the sun in the summertime. The seasonal wings face the 
east and west. In houses that have no north wing, the wing to the east of the 
courtyard that gathers the rays of the setting sun and in those with no eastern 
mass structure, the western wing of the courtyard that receives the rays of 
the rising sun comprise the wintertime section. 

The houses consist of three sections: a vault basement floor with storage 
areas that regulates the temperature of the house throughout the year and 
acts as a thermal moderator especially in hot and dry seasons; the “selamlık” 
section, which is the ground floor containing the main living spaces; and the 
“harem” section, which is set out on the first floor and contains the house’s 
private rooms (Al Abidin 2005, 41-42). The bedrooms of the house are also on 
the first floor. The facades of the house looking out onto the street are blind 
while the walls looking out into the courtyard have plentiful windows. The 
blind facades of the houses are undecorated.  

The basement floor acts as a thermal moderator in hot and dry seasons 
and enables the warm air to be collected in windcatchers so that it can be 
cooled and humidified before being let out into the courtyard (Al Abidin 
2005, 42). This floor is also the level where yearly provisions are stored. There 
are “ground rooms” situated around the courtyard on the ground floor. This 
floor is called selamlik and is customized to receive only men (Alafandi, 
Rahim 2017, 48). The first level is called haremlik, and is the part of the house 
where the family’s private quarters are located. The rooms have large 
windows overlooking the courtyard. Very rarely, there may be a window 
looking over the street. There may be a bath in the house but there is always 
a kitchen, service rooms, a toilet and a storehouse. The first floor has six 
rooms with a terrace on the south side opening out onto the courtyard. The 
first floor can be reached by stairs from the south side. The terrace has two 
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lancet arches. 
The building material for the houses is white limestone of different 

dimensions. The main material for the construction of the walls is limestone. 
The walls are built from what is called Al-Ablaq, a white and black limestone 
that is encountered in the region (Brown, Memarian 2005, 30). Some of the 
framing elements are made of marble or other decorative stone. The iwans 
have Roman arches and the floors are of wood. The interior decoration of the 
houses make use of mosaic, wood workmanship, precious metals, sculptured 
stone and other similar embellishing elements.  

The most prominent architectural element in the courtyard is the iwan, 
which is one-, two- or three stories high. The iwan is a vaulted or flat-roofed 
space that is walled on three sides. The iwan can appear on the ground floor 
or on the first floor. There may be two iwans–one for winter and one for 
summer. The iwans are of varying heights and depths. Ground-floor iwans 
usually serve as a summer living space and are about two or three levels high, 
oriented North. The short sides of the iwans are perpendicular to the 
courtyard and have no columns in front. The iwan is always at least 40 or 50 
centimeters raised from the ground (Corpus 2003, 6). This is the place where 
the family sits throughout the summer, serving as a potential open-air 
reception area (Bianca 2000, 71). Iwans on the ground floor level can always 
be accessed by one or two steps. They may always be accessed from the 
courtyard. The iwan faces the north. This makes it possible to avoid the direct 
sun and allows for cool breezes to flow through the space in the summer 
months. There is a room on each side of the iwan, situated symmetrically. 
This arrangement forms another sub-unit of the house. The floor of the 
passage to the iwan from the courtyard is multicolored and marble-patterned 
(Al Abidin 2005, 48) (Fig. 1).  

  
Figure 1: An iwan two-stories high. An Aleppo House. An iwan on the first 
floor (URL 1). 
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In the same way, the floor of the iwan is decorated with geometric 
patterns of multicolored mosaics. The iwan is located opposite the “qa’a.” 
The iwans on the first floor are accessed by stairs (Fig. 1).  

The reception rooms in Syrian houses are called, “Qa’a.” The qa’a is the 
large reception room reserved for men on the ground floor. The qa’a is on the 
northern side and open to the rectangular courtyard from the south on the 
ground floor. There are two qa’as in the courtyard on the ground floor, a 
winter qa’a to the north facing he south and a summer qa’a on the south side 
looking out onto the entrance to the north (Akın 1995, 508). The qa’a consists 
of one or three tazars (raised sitting areas in the room and formed as a T-
shaped hall), and an atabe, a low entry space leading into the room (Alafandi, 
Abdul Rahim 2017, 48, 51). The atabe is at the center of the qa’a. The tazars are 
the iwans opening out into this space. The walls of the tazars and iwans are 
covered with colorfully decorated wooden panels with flora and geometric 
motifs called ajami (Alafandi, Rahim 2017, 47) (Fig 2).  

 
Figure 2: Wakil Home, Aleppo, Mid-18th century. Inverted-T-shaped Qa’a and 
center of iwan (Reuther 1925, Abb 1). Right: Qa’a in Beit Ghazaleh (URL 2). 
 

An attempt has been made to replicate Paradise in Syrian houses. This is 
why the decorations on the panel are representations of the description of 
paradise in the Koran. The qa’a has a section for guests that has three iwans 
and a dome or vault-covered square living room in the middle (atabe). The 
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atabe ceiling is higher than the iwans. This space is usually covered with a 
wooden dome that has a light aperture or drum-shaped windows. This is 
where the atabe gets its light (Akın 1995, 106). The atabe, which is the central 
space in the qa’a, acts as a courtyard and features an interior pool with a 
fountain (Bianca 2000, 88). The atabe has three iwans called tazars opening into 
it from three directions. The atabe in Syria, which is a central space covered 
by a dome or vault, is one step down from the iwans (Akın 1995, 508). Shoes 
are taken off when passing from the atabe into the iwans. The iwans are sitting 
areas and carpeted. There are davenports (sedir) along the length of the walls 
and windows in the iwans. Around the qa’a are situated a corridor, a toilet, a 
kitchen and an attached room that have been designed as service areas. The 
middle iwan is more decorative and carefully furnished than the others and 
is reserved for important guests. One of the other iwans is dedicated to 
relatives and the other is for more casual guests (Reuther 1925, 212).  

The “three iwan qa’as” (also called “three-arm” or “inverted T-shaped 
qa’a”) are characteristic of Syrian houses and each serve as winter reception 
rooms. The courtyard side of the qu’a iwans, all situated on the same axis, is 
arranged in two-story formation and has an abundance of windows (Fig. 2). 
The iwans (tazars) of the qu’aare sometimes covered by vaults but sometimes 
their coverings are flat (Fig. 3). The selamlik qu’as of Syrian houses are also 
referred to as “durqa’a.” There are qu’as on the harem floor of the house as 
well. 

 
Figure 3: Syrian Qa’a. The atabe and tazar (iwan) in Nizam House House (URL 
3). 
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The other units of the dwelling outside of the iwan and qu’a have been 
set into the wings of the courtyard. The ground floor rooms are used for 
dwelling in warmer seasons. These independent living areas have been 
named murabba or “square” and constitute separate quarters for the members 
of the family and casual guests (Bianca 2000, 88). The very ornate murabba 
serves the function of a reception hall. These rooms are spaces to sit in, eat or 
accept guests in during the day but serve as both sitting rooms and bedrooms 
during the night (El Abidin, Saatçi 2019, 254). The interior walls of the rooms 
are paneled in wood. All of the rooms in the house are in the form of broad 
spaces that lie parallel to the courtyard. The sides of the rooms and murabbas 
looking out into the courtyard have a two-story window design. The 
windows looking out to the street side of the house are small and simplistic. 
The windows looking out into the courtyard are wider, more decorative and 
are arranged to form a two-story facade. In front of these windows are wood-
framed lattices called mashrabiyyahs. The word mashrabiyyah means 
“drinking place”in Arabic and derives from the word for “drink” (Al Abidin 
2005, 49). Besides the mashrabiyyah at the front of the windows of Syrian 
houses, there is another mashrabiyyah or wooden balcony on the facade of the 
house looking over the street. This area provides the women with a cool and 
screened space. It also provides women the opportunity of being able to 
watch from the house without being seen (Al Abidin 2005, 49). This area is 
supported by two cantilevered wooden beams. Each of these broad rooms 
has smaller rooms or corridors on one or both sides.  

Another semi-open space in the houses of the region is the broad-form 
riwaq with its long sides running parallel to the courtyard. Also called an 
“iwan”, the front of these covered riwaqs have one or more arches. The 
riwaqs (arched iwans) are situated on both the ground floor and the first 
floor, providing a cool and shady place to spend hot summer days. The 
arched iwans (riwaqs) have niches on the rear walls and also one or two 
rooms on the sides (Fig. 4). The broad arched iwans (riwaq) on the ground 
floor, where the bulk of daily affairs are carried out, provide shade and 
coolness. 
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Figure 4: Two arched broad iwans or riwaqs on the ground and first floor 
(Corpus 2003, Fig 1) (Alafandi, Abdul Rahim 2017, Fig 18). 

 

THE COURTYARD HOUSE WITH IWAN IN EGYPT 

In Egypt, this house is called “manzil” or “bait” in Arabic. The traditional 
Egyptian house with iwan and courtyard consists of a central open courtyard 
with various surrounding spaces. The high walls of the courtyard constitute 
the heart of the house. The high walls separate the courtyard from the outer 
world. There may be one or several courtyards. Beyond the main entrance of 
the house, called dihiz the courtyard is accessed through a corridor that is 
called magaz. The magaz is an L-shaped corridor and is not situated on the 
same axis as the main entrance so that the inner courtyard entrance to the 
magaz from the courtyard cannot be seen from outside (El-Shorbagy, Abdel-
Moniem 2010: 16). There is usually an octagonal pool in the center of the 
courtyard. The courtyard and pool provide the movement of air throughout 
the courtyard, making it an area of thermal comfort.  

The houses are built as one, two or three stories on top of the ground 
floor. There are two zones to the house–haremlik and selamlik. The ground 
floor is the selamlik of the house and is accessed directly from the courtyard. 
The selamlik has one or several reception halls. The ground floor consists of 
service areas such as the toilets, or manafi, the kitchen, storage rooms and 
servants’ quarters (Mohamed, Ali 2014, 7). The first floor is dedicated to daily 
life and to the women; this location is called the harem (haremlik). The service 
areas of the house are on the first floor. The harem is a place dedicated to the 
women and children of the house. The harem has a separate entrance. The 
harem on the upper floors is composed of one or more wings. Each one has a 
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living space, a bedroom and bath (Ficarelli 2008, 120). The number of rooms 
contained in this part of the house is an indication of the socioeconomic status 
of its owner. The harem room windows are of mashrabiyya (wooden lattice 
panels). The harem’s reception rooms also have mashrabiyya on their walls.  

The selamlik section of the traditional Egyptian courtyard house with 
iwan contains a space that is called a takhtabush on the ground floor. The 
takhtabush is a covered outdoor sitting area for men. The ground floor 
takhtabush is an open sitting area that faces the south. On the west side are 
two small rooms used for storing food. The takhtabush is an outdoor reception 
room for male guests (Abdelmonem 2016, 89). Described as well as an 
outdoor sitting loggia, the floor of the takhtabush is paved and there is a long 
wooden seat (dekkah) placed along one or two of its walls (Azzam 1960, 69). 
In houses with two courtyards, the Takhtabush is located between the two 
courtyards (Fig 5). One complete side of the takhtabush opens out onto a large 
paved courtyard. The other side of the mashrabbiyah faces the back garden. It 
is the mashrabbiyah that permits the circulation of air. The takhtabush is the 
cool area of the house and plays a role in the climatization of the structure. 
The takhtabush was even an element used in the Cairo houses of the Middle 
Ages (Fathy 1986, 89).  

One of the spaces on the first floor of the Egyptian courtyard house with 
iwan was the Makked or Maq’ad, which was a semi-open arcaded loggia. 
Square or rectangular-shaped, the maq’ad (its most popular nomenclature) is 
an elevated part of the house that opens out into the court (Azzam 1960, 69) 
(Fig 5 and 6). Serving as a first-floor sitting room, the front of the Maq’ad is 
arched and looks out over the courtyard (Fig. 5). The Maq’ad was 
predominantly used by women (Bianca 2000, 91). 

  
Figure 5: The Maq’ad and Takhtabush (Mohamed, Ali 2014, Figs. 4-5). 



439 
 

The Maq’ad was a loggia on the first floor of the houses and took the place 
of an iwan, being the only space to open out into the courtyard. Like the 
Takhtabush, the Maq’ad is also oriented toward the cool breezes of the north. 
The Maq’ad is located above the Takhtabush and is approached and connected 
by stairs leading in from the courtyard (Abdelkader, Park 2018.). The Maq’ad 
is connected to the major rooms of the first floor. This section of the house is 
accessed by stairs leading from the courtyard. The Maq’ad, a broad iwan 
surrounded by the mass of the building on three sides and opening out into 
the inner courtyard by a series of arches that face the cool breezes of the north, 
is only found in the selamlik sections of the houses (Tanman 1994, 440). 

In the traditional Egyptian courtyard house with iwan, the iwan is 
indeed the most important element of the layout. The short side of the iwan 
in Egyptian houses is perpendicular to the courtyard. The iwan is located in 
one or two of the wings and sometimes has a room or a corridor on both sides. 
Sometimes one of the iwans contains a salsabil (Fanfoni, 2001, 67). The iwans 
were built to protect the house from the heat and are elements of design that 
serve to capture the cooling breezes in the air (Fathy 1986, 47). 

Other important plan elements of the Egyptian courtyard house with 
iwan are the reception rooms that are known as Mandharas. The number of 
Mandharas varies according to the socioeconomic status of the homeowner. 
On the selamlik floor (the ground floor), there can be up to four Mandharas in 
some houses. At the same time, there may be one or two Mandharas on the 
harem floor (Abdelmonem 2016, 72) (Fig. 6). The Egyptian selamlik Mandharas 
are known as durqa’a while the harem Mandharas are known as “ka’as.” (Akın 
1995, 108). The Mandhara, located to the north with its entrance to the south, 
is used in the wintertime, while the Mandhara with its north entrance and its 
courtyard to the south, is used in the summertime. The word Mandhara means 
“scenic space.” This signifies the power and wealth of the owner of the house 
and is a symbol of prestige for visitors to the house. The Mandhara is made 
up of three sections: there is a square durqa’a in the center and two 
symmetrical iwans opening into this space (Fig. 6).  

The meaning of the word Druqa’a is “jewel of the space” (Abdelmonem 
2016, 76). The Durqa’a is the most well-decorated section of the Mandhara. The 
qa’a is richly decorated with carved marble. This is the lobby of the mandhara 
and is the first place that guests encounter. The entrance to the Mandhara is 
from here as well. The floor is decorated with marble and in the center is a 
pool called fasqiyyah that is a cooling element in the space in the summertime. 
The Durqa’a, which has a ceiling twice as high as the iwans, is covered with a 
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wooden dome with lanterns or a groin-vault (El-Shorbagy, Abdel-Moniem 
2010: 17). Usually, the durqa’a is capped with a shokhshekha (a small skylight). 
The iwans are 25 cm higher than the durqa’a and their walls are covered with 
wooden wall panels. The coverings of the iwans consist of a flat wood ceiling. 
One of the two iwans facing each other has a greater depth than the other. 
Sometimes only the deep iwan and sometimes both iwans have sitting niches 
(side platforms) on the walls that act as iwans (Akın 1990, 109) (Fig. 6-7).  

  
 

 
Figure 6: Above: The mandharas plan in Egyptian houses (Abdelkader, Park 2018, 
Fig 5; (Mohamed, Ali 2014, Fig 19). Below: The mandharas Maq’ad in the harem 
courtyard of the Bayt Zaynab Khatun residence (Mohamed, Ali 2014, Fig 3). 
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These iwan-like sitting niches are sometimes blind (Fig. 7). As in Syria, 

here too, each iwan is meant for a visitor of different status. The Durqa’a is 
one step lower than the iwans (Ali İbrahim 1984, 57). The main plan motif of 
Egyptian reception rooms is the layout where there are two iwans facing each 
other on the same axis that open out to the durqa’a and are enriched by the 
annexation of side spaces. The fundamental plan however is always the same 
(Akın 1995, 508). There are mashrabiyya in the iwan windows of the qa’as in 
the haremlik. Sometimes several rooms are attached to the mandara as lounge 
rooms for the households (Ficarelli 2008, 98). The ventilation of the qa’as and 
especially their cooling in hot weather is carried out with windcatchers called 
malqaf, an element that is a legacy of ancient Egyptian architecture. The malqaf 
(windcatcher) is a square structure built on the roof floor that is usually 
located on the roof of the qa’a or in the lobbies (durqa’a) in front of them. There 
are malqaf placed at different heights of the courtyard. 

 

  
Figure 7: Mandharas interior (URL 4). Right: The Fustat House (Creswell, 
1959), pl. 58). 

 
Sometimes the durqa’a is surrounded by three iwans. In this case, the 

Mandhara takes the shape of an inverted-T figure (Salama 2006, 53). The 
“three-arm” qa’as with the inverted-T plan go back in history to the Fatimid 
Period in Egypt (Creswell 1959: 451). In the courtyard houses with iwans in 
Fustat dating back to the Fatimid Period (7th-11 centuries A.D.), there is a 
room on each side of the central iwan at one wing of the courtyard, and in 
front of this plan is situated a triple-arched riwaq (Fig. 7, Right). An inverted-
T plan is thus formed here as well. On the other wings of the courtyard, there 
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are iwans with selsebils (fountains) of different depths (Creswell 1959: 451) 
(Fig 7, Right). Creswell states that this arrangement that is called the inverted-
T figure was first seen in the houses of Iraq in the Tulunid Period (Creswell 
1952: 67). 

THE IRAQI TRADITIONAL COURTYARD HOUSE WITH IWAN 

The Iraqi traditional house is arranged around a central court. The high 
walls separate the courtyard from the outer world. The houses have one or 
two stories above the ground floor. The ground floors have baths (hammam), 
toilets, barns, servant’s rooms, kitchens (two in large houses), at least one 
coffee-making area, and service areas such as a storeroom and a pantry. 
Every house has a well that is planted in a niche in the courtyard. The upper 
floor is the main living area where there are rooms. The houses may have a 
single courtyard or they can contain two units with courtyards in more 
wealthy families–one of these units is the selamlik (divanhane) and the other is 
the harem (Schoenauer 1981, 78). The number of courtyards contained in a 
house had solely to do with the economic and social status of its inhabitants. 
When there was more than one courtyard, the harem was the main building, 
next to which was a small annex that housed the selamlik. The selamlik was the 
public area of the house reserved for male residents and their male visitors. 
The harem was the family’s private living space. In larger houses, these two 
areas had their own courtyards. The harem and selamlik courtyards sometimes 
had a mabeyn between them. In smaller houses with only one courtyard, the 
guest room is on the upper floor. In other words, the upper floor is the harem. 
This makes it possible for women to sit in the other parts of the house without 
being seen by the male visitors coming to the residence (Schoenauer 1981, 78). 

The construction material for the houses is sun-dried brick. The 
courtyards however are paved with stone, marble or mosaic. In later periods, 
kiln-burned brick was used in place of mud-brick (Warren, Fethi 1982, 89). 
The Iraqi houses are inward-oriented like all houses containing courtyards 
with iwans. The most fundamental feature of the courtyard plan is the 
centrally located courtyard. The courtyard, referred to as hosh in the region, 
answers the need for thermal comfort and climatic regulation and also serves 
to maintain privacy for religious and social purposes. In the center of the 
courtyard are a pool (Shithirwan) and fountains that serve as climatological 
and cooling elements and bear vegetation that been planted to increase 
moisture (Schoenauer 1981, 42).  

The houses are accessed from an ostentatiously decorated portal that lies 
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on the axis of the entrance to the house. The entrance is L-shaped. Access to 
the house from the street is through the courtyard; there is no direct entrance 
into the house. There is first a corridor or a smaller vestibule through which 
to enter. In larger houses, there are a few adjacent and domed rooms that are 
situated right after the entrance gate. There are sitting niches on the walls of 
these rooms that serve as waiting areas (Reuther 1910, 27). The street gates 
never face the door to the house. Not only do the street gates, but the doors 
to the rooms also do not face each other. This is meant to maintain the privacy 
of the house so that the courtyard cannot be seen from the outside and the 
street cannot be seen from the courtyard. This feature is one that could be 
seen in houses with courtyardsdated to the third century B.C. in the region 
(Parrot 1968, 180; Calvet 1993, 199). For example, in the houses of Ur, the 
courtyard is accessed by a anteroom that is situated after the vestibule and 
the door openings to this corridor are situated on the same axis as the street 
gates (Parrot 1968, 180; Calvet 1993, 199).This arrangement is very clearly 
seen in the houses of Khafaje and Tell Asmar (Delougaz, Hill, Lloyd 1967, 89, 
129; Frankfort 1933, 90). 

The basements of the houses have what is called a serdab, which is a 
spacious room with a pool in the center that is closed off to the sun, generally 
domed or vaulted and accessed by four or five steps. This space does not only 
serve as a cellar but also as a cooling hall because of its badgir (malqaf)-serdap 
system (Bianca 2000, 93). The region also has houses with a nim, which is a 
single-windowed, half-buried cellar. The coolest part of Iraqi houses in hot 
weather is the nim, a space that serves as a semi-basement. The nim is covered 
with majestic vaulting. The serdab is accessed through the nim. The serdab and 
nim rooms are also used for siestas (Fethi 1977, 375). The nim has two 
corridors–a main corridor and a side corridor. Two-corridor nims usually 
have a Takhtabush . This raised platform known as a tahtabush lies on one or 
both of the narrow sides of the nim. This area is much drier than the nim, 
where the floor is damper (Akın 1995, 508). The tahtabush are places to enjoy 
the cool air.  

One of the characteristic features of the Iraqi traditional courtyard house 
with iwan is the elevated, wooden-columned colonnade on the upper floor 
called the Tarma. The first floor is devoted to the living areas of the house and 
the tarma is connected to the main rooms. The upper floor contains the main 
rooms of the house and its average height is 5 m. The tarma is a riwaq that is 
a veranda that wraps around two or four wings of the courtyard. - It can 
sometimes be on the ground floor. The Tarma functions as the main area of 
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circulation in the house. All of the spaces can be accessed from here. The 
wooden pillars with the mukarnas capital of the tarmas are of post-and-beam 
construction (Ragetta 2003, 189) (Fig 8).  

  
Figure 8: The tarma and the ursi behind it (URL 5). To the side, the Ursi from 
the interior (Agha 2015, Fig 1). 
 

Another important element of design in the Iraqi courtyard house with 
iwan is the talar (sometimes called “tarar”), a wooden-columned iwan closed 
on three sides that is found between the rooms of the upper floor. The 
colonnaded iwan with wooden columns, or talar- can be found in one or in 
several wings of the courtyard (Fig. 9). The talar, a broad space situated 
parallel to the courtyard or tarma in front can also be described as a room with 
wooden columns located behind the tarma. The talar, a space that is closed on 
three sides, is parallel to the tarma along its long axis and opens out to it. 
There can also be additional wooden pillars in front of the tarma. These pillars 
usually connect to the talar (Bianca 2000, 92). The talar is three or four steps 
higher than the tarma (Reuther 1910, 7). The difference between the space 
called the talar and the iwan is that the rooms on the side cannot be entered 
directly. The wooden pillars in front of the talar are built by post-and-beam 
construction techniques. The talar sometimes has niches on the back and side 
walls. On each side of the talar is sometimes a room (room-talar-room) and 
sometimes small-sized iwans called iwancha as elements decorating the nim 
stairs or the niched walls (Reuther 1910, 9). The talar is entered also from doors 
on the side walls. The talar is a living space for daily activities (Fethi 19787, 
369). The talar may sometimes also be found on the ground floor of the house. 

In the traditional Iraqi courtyard houses with iwan, the iwan is one of the 
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secondary spaces. A semi-open space, the iwan’s short axis is perpendicular 
to the tarma or courtyard. An iwan may be found on both floors of the house. 
On the ground floor, it stands between the rooms. The spatial arrangement 
on the ground floor is in the form of room-iwan-rom. Depending upon their 
location, the talar and iwans can be used in both winter and sumer. 
 

 
Figure 9: Plan: The ursi and talar in the wings of the courtyard (Reuther 1910, 
Abb 28). Right: The tarma on the upper floor and in back, the talar (Bianca 
2000, Fig 77, 81).  

 
The talar and iwans facing the north are summertime spaces since they 

are cool and breezy in that season. Those that face the south are warm spaces 
that are sheltered from the north winds and provide a place to enjoy the sun 
in the wintertime (Reuther 1910, 7). The basic difference between the iwan 
and the talar in Iraqi house is that there are always two or more wooden 
pillars in front of the talar. Both the iwans and the talars have wooden-latticed 
windows with colored glass panes on the side walls. It is through these 
windows that the light filters through the adjacent rooms and into the nims 
in back of them (Fethi 1977, 369). When the iwan is on the upper floor, the 
floor of the iwan is at the same level as the tarma floor (Akın 1985, 508). The 
iwan is accessed from the front. 

The most important room of the Iraqi courtyard house with iwan is the 
ursi, located behind the tarma. There is rarely an ursi on the ground floor 
(Warren, Fethi 1982, 45). This most important room of the house is a reception 
room that is closed on three sides. The ursi is a room for cool, winter days 
(Reuther 1910, 6). A broad room, the long axis of the ursi is parallel to the 
tarma and its fourth side looks toward the courtyard; its courtyard facade is 
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completely covered with multiple windows of stained glass (Fig. 8). This 
doorless, stained glass, two-story windowed facade is what separates the 
tarma from this room (Warren, Fethi 1982, 45). The walls of this room offer 
the best, most unique examples of Iraqi wood workmanship. There may be 
more than one ursi in the wings of the courtyard. The ursi is located at the 
exact center of the courtyard wings. Entrances to the broad ursi is from its 
short sides (Fig. 9). On each side of the ursi is sometimes a room (a room-
urrsi-room arrangement) and sometimes small-sized iwans called iwancha as 
elements decorating the nim stairs or the niched walls (Reuther 1910, 9). 
Sometimes, though rarely, a talar with two wooden pillars is situated .in front 
of the ursi. In this case, there is no talar in any other wing of the courtyard. 
Oscar Reuther writes that this application is usually found on the raised 
upper floor on top of the serdab story, an arrangement that is typically seen in 
the region of Kerbela (Reuther 1910, 15) (Fig 9). Ursis hang over the street as 
an unbroken projection. Sometimes Iraqi houses have ursis with their narrow 
sides facing the tarma perpendicularly and projecting out from the rooms on 
both sides (Fig. 10). In this case, the short side of the ursi facing the tarma is 
multi-windowed.  

The traditional Iraqi iwan-courtyard house has another space called the 
kabishkan on the upper floor which is glass-fronted and faces the inner 
courtyard. The kabishkan is a top-floor room that has a low mezzanine, 
strategically placed so that the women could look out into the ursi or tarma 
just beneath them and watch the lower courtyard level across the open 
colonnade without being seen (Bianca 2000, 93). The kabishkan is the 
inseparable companion to the ursi and is an element that adds liveliness to 
the courtyard facade of the house (Reuther 1910, 8). The kabishkan permitted 
women to watch the activities in theursi when male guests came to the house. 
Kabishkans are small corner rooms at the mezzanine level. If either the talar or 
the ursi was being used for a male reception, this is where the women and 
servants stayed.  

Another unit of space in the traditional Iraqi courtyard house with iwan 
is the “oda.” The traditional Iraqi courtyard house with iwan has oda’s 
situated between the ursi, tarma and iwan. These rooms have arched 
windows and doors that had a panel window (ishiklik) on top to let light in. 
The rooms can be found on both the ground floor and the upper floor. Iraqi 
house oda’s however were mostly intended as wintertime spaces (Reuther 
1910, 6). The oda’s are never separately dedicated to function as a dining 
room or bedroom but instead each is used to sleep in and eat in (Agha 2015, 
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32). The upper floor rooms hang over the street as straight or square 
projections. Sometimes, due to the terrain of the land on which the house was 
built and the arrangement of the oda’s looking out over the street, these 
projections can be in serrated form (Reuther 1910, 31). These projecting oda’s 
are sometimes supported with undecorated wooden buttresses. The 
windows of the oda’s facing the street have wooden lattices on their windows 
(masrabiye). The windows of the oda’s are either rounded, arched or the 
pointed type, called revzen. The window networks are decorated with stucco, 
vegetative and geometric girh designs (Warren, Fethi 1982, 45). The interior 
and exterior decoration of the rooms carry Islamic motifs. 

A type of spatial arrangement seen in the Iraqi courtyard house with 
iwan in the Baghdad region and also in the old cities of Mosul, Erbil and 
Kerkuk is the “inverted-T scheme” that runs along the length of one wing of 
the courtyard. This plan consists of an iwan with a room on each side and a 
triple-arched tarma stretching out in front (Fig. 10).  

  
Figure 10: Plan: An ursi that is perpendicular to the tarma on its short side ; 
the other wing has a reception unit shaped like an inverted-T (Reuther 1910, 
Abb 59). Right: Old Mosul house (Thanoon, 1983). 
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The tarma stretching out in front of the iwan and odas in Kerkuk, Old 
Mosul and Erbil are arched (generally triple-arched) while in Baghdad, the 
tarma usually has wooden pillars of post-and-beam construction (Fig. 10). 
Oscan Reuther says that this spatial arrangement that is usually found in 
smaller houses belongs to the Iraqi rural residential type of construction that 
is famously known as the tarma house, of which this is a variation and a 
reflection of the type seen in urban Iraqi residential architecture (Reuther 
1910, 9-10). 

THE COURTYARD HOUSE WITH IWAN IN IRAN 

The Irani plateaus are divided into four climatic areas–cold and dry, hot 
and arid, hot and humid, mild and humid. All of these regions make use of 
the courtyard house with iwan. The traditional Irani courtyard house with 
iwan is built of brick and stands as a single story above a ground floor. All of 
the spaces in the house are arranged around the courtyard. This courtyard at 
the center of the house is called hayat in the region. People in the area also use 
the courtyard for gatherings such as weddings and religious festivals. The 
courtyards serve both the need for privacy and the need for shade; they have 
high walls that have been built for the purpose of keeping the air cool in the 
garden throughout the day. Generally, in rectangular form, the courtyard has 
a characteristic pool (houz) at the center around which the gardens are spread. 
These gardens are called Godalbaghche in the local Iranian dialect (Memarian 
2006, 123). A godalbaghche is a sunken garden that has been buried to a depth 
of 3-4 m. under the courtyard. Pomegranates, pistachios and fig trees are 
planted in the godalbaghches. If it is considered that these gardens are small 
and low and grow in a humid or cool atmosphere, it can be said that the 
plants not only provide moisture and the coolness of water but actually serve 
as an area of micro-climatization. The main entrance to the house is through 
a corridor that is named Voroodi. Passing through this corridor brings one into 
a small, enclosed vestibule called Hashti that is accessed with a single step. 
This is situated on an octagonal, semi-octagonal or rarely, a square plan. The 
space is made of two sections that are waiting areas, one for men and one for 
women. The low-ceilinged Hashti’ is covered with a dome. From this area, a 
narrow corridor called Dalan is passed to reach the courtyard (Ghasemi 2005, 
89). 

Besides single-courtyard houses, there are also houses of the wealthy in 
the area that consist of an inner courtyard (Andaruni/Andarooni) and an outer 
courtyard (Biruni/Beerooni), where both have been built on a central plan 
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scheme. The guest section in the house, called Biruni (selamlik) has been 
placed near the entrance and the Andaruni (harem) where the family’s living 
quarters are, has been distributed to various other sections of the house. The 
traditional Iranian courtyard house with iwan has more than more 
subterranean rooms and pantries (serdab) in the basement (Ghazbanpoor 
2001, 67). These cellars are used to store food that the family would want to 
keep cool and protected from sunlight for their guests and themselves in the 
summertime. These cellars are also one of the places in the house that offer a 
breezy space to relax in on hot summer days. There is a small pool here that 
is connected to the underground water installations. The water in this pool is 
constantly cool since it is not exposed to sunlight. Basement floor ceilings are 
about 2.5 m. tall. The reason for this is to provide ample space for ventilation 
for the foodstuffs stored there.  

The services areas of the house are separated from the living quarters by 
tradition. Areas such as the kitchen, baths-toilets, storerooms and barns are 
kept far away from view so as not to spoil the comfort of the inhabitants. The 
kitchen, or Matbakh of the house is of square or rectangular form and is 
located adjacent to the water well. The kitchen is equipped with a cooking 
area, storage areas and a wood oven for baking bread. On the walls are many 
shelves and niches to contain kitchen equipment. There are usually two 
kitchens in the house–one on the ground floor and the other in the basement. 
The basement kitchen is generally used for ceremonies and special occasions. 
The toilets in the house have been placed next to the entrance to keep the rest 
of the house odor-free; the baths are to be found in the basement 
(Ghazbanpoor 2001, 67). Because these areas are in the vicinity of the 
courtyard, they are more easily ventilated. To achieve the circulation of air 
around the various areas of the house, there are badgirs (windcatchers) 
situated in appropriate places.  

One of the most important units of the traditional Iranian courtyard 
house with iwan is the iwan. Houses in all climate zones in Iran make use of 
iwans. The iwans open out into the courtyard and are used for both public 
and residential purposes. The iwans in the houses of the region are two 
stories high. Sometimes the iwan is higher than all of the other parts of the 
house. As a semi-open space, the iwan provides the Iranian courtyard house 
with shade and coolness throughout the summer. Iwans can be found on one 
or two opposite wings of the courtyard and also in the form of closed 
passageways in front of rooms (Memarian 2006, 67). In general Iranian iwans 
are oriented to the south (Fig. 11). Iwans oriented toward the south and east 
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provide a cool and shaded area for the inhabitants of the house in the 
summertime. Iranian iwans are considerably large and high; some of them 
have arches in front. Sometimes there is a balustrade in front called taromi in 
the region (Fig. 11). Sometimes there are wooden pillars made of post-and-
beam construction in front of the iwans. The iwans are usually located among 
the summer rooms. The upper floor iwans have terraces in front. The walls 
behind the iwans are usually built very thick and in some houses may contain 
windows. The iwans can also have stairs. 

  
Figure 11: The iwan and talar in an Iranian courtyard house with iwan (Shaeri, 
Yaghoubi, Habibi 2018, Fig 3; Alkhansari 2015, Fig 3b). 

 

Another space in the traditional Iranian courtyard house with iwan is the 
space used as a “hall” or “reception hall” that is called Talar in the region. The 
Talar is the main winter room. The talar is a broad space that is parallel to the 
courtyard and located in the south part of the courtyard (hayat). The spaces 
to the south of the courtyard are reserved as sitting areas to be used in the 
summer (Fig. 12). Because these areas are oriented to the north, they receive 
less sunlight and more shade, thereby being cooler. The level of the summer 
sitting areas in the courtyard are higher than the winter areas. The 
windcatchers and air vents are usually found in the south parts of the house. 
As a large salon, the Talar too is situated to the south of the courtyard, on its 
main axis (Memarian 1996, 43). The talar (hall) can be found in one or two 
wings of the courtyard. This area is ornamented with uniquely Iranian mirror 
work (aynahkari), which consists of paintings on stucco, gilding, wood or 
plaster. This room (talar) is the most decorative and beautiful room in the 
house and has large and tall Orosi windows. There can also be a pool in the 
middle of the talar. Throughout the summer, the talar is used by both family 
members and guests. This is a closed space used in warm seasons. The talar 
is usually located next to the entrance. This space is the main area where 
guests are entertained, thus playing a major role in maintaining strong 
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relations with relatives, neighbors and friends (Alkhansari 2015, 277). There 
is sometimes an arched or wood-pillared iwan in front of the talar. 

 
 

Figure 12: Major areas in the Iranian house (Forouzmand and Kahouei 2010) 
 
The winter rooms in the houses of Iran are located at the north of the 

courtyard while the summertime rooms are in the south, protected from the 
sun (Memarian, Brown 2006, 33). The summer rooms have windcatchers 
(Badgir) and ventilation rooms. These rooms have high ceilings and also 
double-winged windows that open out into the courtyard (Shaeri, Yaghoubi, 
Habibi 2018, 18). The north wing of the courtyard that contains the summer 
rooms is a one-story structure whereas the south wing is two-storied to 
provide insulation against heat loss. In the summer section of the house, the 
height of the courtyard wall is high enough to prevent the penetration of 
sunlight into the interior and maintain a comfortable coolness. The rooms in 
the house have been designed for different functions and all of them are used 
for eating, sitting, receiving guests and sleeping. The niches on the walls in 
all of the rooms are an important interior element, along with closets and 
cabinets.  

The most important rooms in the house are identified by the number of 
their doors or windows. These rooms are called “multi-door” rooms. The 
main room of the house is called Panjdari. This has five divisions and is also 
called the “five-door room.” There is a Panjdari in the middle of each east and 
west wing of the courtyard. This room is a broad space that has been placed 
parallel to the courtyard. The facade of the room on the courtyard side has 
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five arched doors (Fig 12). The proportion between the room’s length and 
width is conducive to allowing sunlight to flow in. This room is called the 
salon in the region Kalantari, Singeri, Jourshari 2015, 717). This is the most 
decorative room of the house and it serves as a reception room. Entry into the 
room is from the shorter side. On both sides of the panjdari room is a mard-
gard that is a long and narrow entrance corridor (Fig. 12). The side of the room 
facing the courtyard has windows od colored glass in the form of an arched 
semicircle. These windows are in the form of sash windows (orosis). Orosis 
are special windows that are characteristic of Iranian architecture. They are 
usually of stained glass and produce a colored light effect. 

The secondary room of the house is the room called Seh-dari, which has 
an aperture with three divisions (Alkhansari 2015, 277). The Seh-dari is a 
three-door room for use in winter (Haji-Qassemi 2003, 90). The short side of 
this rectangular room is perpendicular to the courtyard (Fig. 12). There are 
two or more Seh-dari’s on the side facing the courtyard (Alkhansari 2015, 278). 
This is a living room and the place where the household gathers. Close 
relatives and visiting neighbors are also entertained here (Soflaei, 
Shokouhian, Shemirani 2016, 228). The decoration of this room is simpler 
than in the panjdari (salon). There are niches in the walls. Entry into the room 
is through the Mard-gard, or corridors on the sides, or through the main hall 
called the Takhtgah (Fig. 12).  

Another important room in the house is the room called orosi. This is a 
room with seven doors and a high ceiling dedicated to hosting special guests 
and ceremonies. This room too, like the panjdari, is a broad, rectangular room 
that stands parallel to the courtyard (Fig. 12). The room is most often on the 
north side of the courtyard and is the heart of the winter zone in the house. 
Although it is considered primarily a winter room, it can be used in other 
times of the year (Memarian, Brown 2006, 33). The entrance to the broad 
rectangular orosi room is, like in the panjdari, from the short side; the room 
also has mard-gard, or corridors on two sides (Fig. 12). The courtyard side of 
the room has large sash windows of colored glass. The light reflected from 
the glass produces the effect of an interior garden in the room (Alkhansari 
2015, 277). Two smaller rooms called Bala-khaneh and Gooshvar are situated 
above the seh-dari, orosi and panjdari rooms. These are winter rooms that are 
used as retreats or for privacy purposes (Alkhansari 2015, 278). 

In the houses of Tabriz, one of Iran’s colder regions and in the cities in 
the hot and dry climatic zone of Kashan, there appears a different 
arrangement of rooms. The houses of Tabriz differ from houses in other 
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regions of Iran in that they are not built on a centralized plan. While in other 
regions, spaces are arranged on the four wings of the courtyard, here, the 
house consists of a courtyard with a long and rectangular pool and garden 
and a main living area that is situated on the short side of the courtyard to 
the north (Fig. 13). There are also houses with two courtyards. In this case, 
the main living space then is located in the middle of the two courtyards and 
in front is an inner courtyard, while in back there is an outer courtyard. The 
two-courtyard plan can also include living units in other wings of the outer 
courtyard.  

In single-courtyard houses, the floor organization of the living spaces in 
one wing (north) of the house comprises a basement (serdab), where the 
kitchen is located, a ground floor and an upper floor. There are different 
examples of ground floors situated above the basement. The upper floor 
contains a sitting room for guests that is called Tenebi locally and corresponds 
to the contemporary living room or salon. The tenebi is the selamlik-divanhane 
section of the house. The tenebi is the biggest, most important and most 
decorative room in the Tabriz house. The tenebi is a broad rectangular space 
that stretches in parallel to the courtyard. There is here again a round arched, 
broad iwan on the long axis in front that is parallel to the courtyard and the 
tenebi (Kalantari, Singeri, Jourshari 2015, 714) (Fig 13).  

 
Figure 13: Behnam House, Tabriz. Upper Floor (Mehrfar, A. 2014, 4.8) 

The wall of the tenebi facing the courtyard has multi-colored windows 
(Fig. 13, 14). The walls and ceiling of this room are lavishly decorated. Access 
to the tenebi is through the corridors in back of the tenebi. Stretching along 
both short sides of the tenebi are rooms called kellei, meaning “high rooms” 
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(Fig. 13). Kelleis are spaces reserved for the women on special days (Mehrfar 
2014, 117). The tenebi and kellei all have high ceilings. The kelleis have 
windows facing both the tenebi and the courtyard. Beside the kelleis on both 
sides are rooms whose long axes are perpendicular to the courtyard (Fig. 13). 
All of the spaces in this guest zone have been positioned symmetrically 
around the tenebi and behind them, to the north, on the upper floor, there is 
a terrace (mehtabi) in the shape of an inverted-T. In the south wing of the 
courtyard, exactly across from the main living section, is a riwaq of post-and-
beam construction. The same spatial organization can be seen on the ground 
floor plan of the house. The only difference from the upper floor is that on 
the ground floor, there are stairs instead of the kellei rooms on both sides of 
the tenebi (Mehrfar 2014, 118). 

  
Figure 14: Behnam House, Northern Facade, Tenebi Facade (Mehrfar, A. 
2014, Fig 4.5) Right: Emirnizam House, Tabriz, Tenebi (Mehrfar, A. 2014, Fig 
4.39) 

 

COMPARATIVE ANALYSIS  

Generally known as “the iwan-courtyard house” and also called “the 
Islamic-Arab House” because of its use in this particular region of the world, 
this type of house not only carries common characteristics in the different 
territories but also displays differences that can be traced to regional 
traditions. 

The type of plan that stands as the common denominator of all houses in 
the area is the “courtyard,” which can be considered the central and key 
element of design. The courtyard is an open-air structure due to the hot 
climate in this region. All of the spaces in the house are arranged around the 
courtyard. Besides providing thermal comfort and climatic regulation, the 
high walls also address various religious and social needs (El-Shorbagy, 
Abdel-Moniem 2010, 16; Behsh 1928, 16). The courtyard facilitates air 
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circulation. The courtyards serve both the need for privacy and the need for 
shade; they have high walls that have been built for the purpose of keeping 
the air cool in the garden throughout the day. The high walls separate the 
courtyard from the outer world. The courtyard answers the important social 
need for privacy and seclusion. The courtyard house with iwan is an 
introverted structure. The houses are arranged around one or more (three) 
courts, which are square, rectangular or skewed. The number of courtyards 
contained in a house has solely to do with the economic and social status of 
its inhabitants. Courtyards at the same time are used as a public gathering 
place on occasion, for weddings or during religious holidays. Integral parts 
of the courtyards were the pools, fountains or wells and the surrounding 
gardens. The pools stood in the middle of the courtyard with plants all 
around to provide moisture as a micro-climatological and cooling element. 
The plants in the gardens together with the cooling waters provided a 
pleasant climate zone. These elements of water not only served a cooling 
purpose but also symbolize cleanliness and purity in the Islamic world. The 
courtyard landscape was very important and varied by region; in general, 
pomegranate, pistachio, fig, jasmine, rose trees and citrus fruits such as 
orange and lemon were planted. The courtyard was an attempt to give the 
houses the impression of paradise and it is therefore accepted that the trees, 
plants and pool are important elements of the energy of this symbolism. The 
courtyard is washed every day. This also adds a cooling element to the house, 
keeping it moist throughout the day. This method thus creates an external 
and environmental cooling effect. The houses are accessed through a 
courtyard elegantly landscaped with plant life.  

The courtyard house with iwan has a straight or L-shaped corridor inside 
the street entrance. Access to the house from the street is through the 
courtyard; there is no direct entrance into the house. After the corridor is a 
vestibule. This functions as a waiting area. The entrance of the corridor or 
vestibule (if any) is not on the same axis as the inner courtyard entrance so 
that the courtyard cannot be seen from the outside. This maintains the 
privacy of the house, protecting the courtyard from outside eyes, and 
preventing a view of the outside from the courtyard. The street gates of the 
house never face the doors of other houses. Not only do the street gates of the 
houses not face each other, but room doors in the house do not face each other 
either.  

Another common feature of the courtyard house with iwan is the 
separation of the houses into two zones–the harem and the selamlik. In two-
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courtyard houses, which reflect the high socioeconomic status of their 
inhabitants, the inner courtyard is the harem while the outer courtyard in the 
selamlik. The selamlik section reserved for men is also the area where male 
guests are entertained. The selamlik then is the public or common area of the 
house. The harem is the section of the house reserved for the women and 
children and for female guests. In single-courtyard houses, the ground floor 
is the selamlık and the first floor is the harem. This area is devoted to daily 
activities and is also where the bedrooms of the house are situated. The 
windows of the room of the harem are of mashrabiyya (wooden lattice panels) 
to prevent the haremlik from being seen from the outside.  

The floor organization of the traditional courtyard house with iwan 
consists of a ground-level story above the basement and a first floor. Very 
rarely can there appear a second floor above the first. Sometimes however, 
the wings of the courtyard can be arranged in one or two stories. The 
basement of the house is used as a cellar. There is a section here called serdab 
, which means “cold water” in Farsi. Serdabs are large areas that are accessed 
down four or five steps. They are closed off to daylight and usually have a 
pool in the middle that is domed or vaulted. These areas are about 50 cm - 3 
m. underground. These underground areas are used to store food stuffs and 
protect them from sunlight. There is also a small pool here in the serdab that 
is connected to the underground water installations. The ceiling in this area 
is about 2.5 m. high. The reason for this is to provide ample space for 
ventilation for the foodstuffs stored there. The space is not only a cellar but a 
place where the members of the household can rest and sleep in the 
summertime since it is the coolest part of the house.  

Other physical elements of the traditional courtyard house with iwan are 
the semi-open iwan, arched iwan and riwaqs. The iwan (locally known as 
liwan) is the most unique characteristic of the courtyard house with iwan. The 
iwan is a plan archetype of this kind of house and carries different features 
in the four regions studied. Iwans whose short sides are located 
perpendicular to the courtyard have the main function of creating a cool 
space in which to sit. This is the place the family sits in throughout the 
summer, and it serves as a potential open-air reception area. Iwans may have 
one or two adjacent rooms. Sometimes however there is a kitchen next to the 
iwan. The iwan helps to regulate the temperature of the spaces situated next 
to them. At the same time, in terms of channeling breezes toward the 
building, the iwan can be considered an air-conditioning element, helping to 
reduce energy consumption. Iwans were built to protect the house from the 
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heat and are elements of design that serve to capture cooling breezes. 
Sometimes iwans contain the water element of the salsabil. Elements of 
interior decoration that run along the three sides of the iwan are the 
davenports, or sedirs.  

The Syrian courtyard house with iwan may be one, two or three stories 
high. The iwans may be on both the ground and the first floor, exhibiting 
different heights and depths. There are sometimes two iwans–one for winter 
and one for summer–on the ground floor. Ground-floor iwans generally 
serve are generally summer living spaces and are about two or three levels 
high, oriented to the north. Iwans are always accessed from the courtyard, in 
one or two steps. Iwans on the first floor are accessed by stairs.  

In the traditional Iraqi courtyard house with iwan, however, the iwan 
can be both on the ground and the first floors. Depending upon their location, 
the talar and iwans can be used in both winter and sumer. Iwans facing the 
north are summertime spaces since they are cool and breezy in that season. 
Those that face the south however tend to be warm since they are protected 
from the north winds. When the iwan is on the upper floor, the floor of the 
iwan is at the same level as the tarma floor. 

Houses in all climate zones in Iran make use of iwans. An abundant use 
of iwans can be seen in the houses of Kashan, Yazd, Shiraz and Tabriz. Iwans 
opening out into the courtyard are two stories high or at least higher than the 
other parts of the house. Iranian iwans are considerably large and some of 
them are arched in front. Sometimes there is a balustrade in front called taromi 
in the local tongue. There can also be wooden pillars made of post-and-beam 
construction in front of the iwans. 

The upper floor iwans have terraces in front. The iwans can also have 
stairs. With their semi-open iwan structure, the traditional Iranian courtyard 
house provides a shaded and cool space throughout the summertime. The 
iwan can be situated on one wing or there can be two iwans on two opposite 
wings of the courtyard. Iwans oriented toward the south and east are quite 
cool and provide a shaded area for the inhabitants of the house in the 
summertime. The iwans are usually located among the summer rooms. 

In the courtyard house with iwan, besides the classic form of a non-
pillared, non-arched iwan whose short side is perpendicular to the courtyard, 
there are also semi-open spaces in a broad form, where the long axes are 
parallel to the courtyard, and there are triple-arched or wooden columns of 
post-and-beam construction. These units in the riwaq style are called iwans 
in Syria and Iran. In Syrian houses, the purpose of the broad iwans with 
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arches in front situated on both the ground floor and the first floor is to 
provide a cool and shady area to pass the hot summer days. The arched broad 
iwans seen in Iran, especially in the houses of Tabriz and Kasha, are in the 
form of a wide veranda that stands in front of the main living area and iwan 
called tenebi. Transverse iwans of broad form with pillars in front whose long 
sides are parallel to the courtyard can be seen in Iraqi courtyard houses with 
iwans as well. The area between the rooms on the first floor with pillars in 
front is called talar in the region. Talars can be one or several at the wings of 
the courtyard. They are separated by the tarma in front by additional wooden 
pillars and their floor level is raised three or four steps higher than the tarma. 
On two sides of the talar are rooms or iwancha. The talar is a living space for 
daily activities. 

Among the most important spaces to be found in houses built in the 
courtyard house with iwan concept are the guest rooms or units, also referred 
to as “reception rooms.” The tradition of the reception room in the courtyard 
house goes back to Uruk culture, deeply rooted in Mesopotamia. What is 
known as the “Tripartite plan” was implemented in courtyard houses of the 
Uruk Period. In these single-courtyard houses, standing sometimes on one, 
sometimes on two opposite wings of the courtyard, were reception rooms 
parallel to the courtyard. In a house with a single courtyard that had two 
reception rooms, one of these served the function of a “haremlik,” the other 
as a “selamlik.” These houses in the Uruk colony belonged to wealthy 
merchants and the reception rooms in those with two courtyards were 
situated only in the inner courtyard. The walls of these rooms facing the 
courtyard were thick and access to the courtyard was through three openings 
(Kohlmeyer 1996, 102). The reception room is located along one wing of the 
courtyard. The tradition of the reception unit continued to thrive in the area 
of Mesopotamia in subsequent periods.  

The layout of the courtyard house with iwan, the subject of our review, 
appears to be different in every region. In the region of Syria, the reception 
units–qa’a– are predominantly in the form of an inverted T-scheme or “three-
iwaned,” as they are called. There are two qa’a areas on the ground floor–one 
for summer and one for winter–that have a pool in the middle, a high ceiling, 
and a central section (atabe) that is square and domed with a light aperture. 
The sitting areas opening out into these spaces are on raised levels, have 
decorated walls and ceilings, and contain three iwans (tazar) The receptions 
rooms in Egypt known as Mandharas have an entrance hall (durqa’a) with a 
pool in the middle, a high ceiling and, opening out into this space, two iwans 
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with raised, symmetrical niches along the walls that serve as side benches 
(seki). The number of Mandharas varies according to the socioeconomic status 
of the homeowner.  

The reception rooms of the Iraqi courtyard house with iwan is rarely to 
be found on the ground floor but usually on the first floor, behind the tarma 
and is called the ursi. The ursi, which is a broad transverse room situated 
parallel to the courtyard and the tarma on the first floor, has a wall looking 
out into the courtyard and is multi-windowed with colored panes. The walls 
of the ursi are decorated with the most authentic examples of Iraqi wood 
workmanship, and its entrance is from the short sides on both ends. Rooms 
are located on both sides of the ursi or there may be small iwans (iwancha) 
set in the walls and decorated with niches. There may be more than one ursi 
in the wings of the courtyard. Sometimes the short side of the ursi can be 
perpendicular to the tarma and courtyard. In the case of these types of ursi 
that project out in front of the adjacent spaces, the short sides facing the tarma 
are multi-windowed. The ursis project out into the street. 

In Iran, however, there are two reception rooms–one for winter (talar), 
and one for summer. The talar , called a hall or salon in the area, is a winter 
reception room and a broad space that is situated parallel to the courtyard. 
The talar on the south side of the courtyard is quite ornamented and 
sometimes there is an arched or wooden pillared iwan in front of it. Other 
reception rooms in Iran are known as multi-door rooms or Panjdari or Orosi. 
Of these rooms that are situated in the wings of the courtyard, the Panjdari , 
meaning “five-doored,” is a broad room parallel to the courtyard. This room 
is the main reception room of the house that is also called the salon. The side 
of the room looking over the courtyard, the arched Panjdari with its colored 
glass, may be more than one in the wings of the courtyard. Entry into the 
room is from the shorter side of the room. Another important room in the 
house is the room called orosi. This is a room with seven doors and a high 
ceiling dedicated to hosting special guests and ceremonies. This room too, 
like the panjdari, is a broad, rectangular room that stands parallell to the 
courtyard. This room is most often on the north side of the courtyard and is 
the heart of the winter zone in the house.  

Another reception unit noted in the spatial organization of the traditional 
Iranian courtyard house with iwan is the high-ceilinged guest entertainment 
area called tenebi, today’s salon, which is located in one wing of the courtyard. 
The tenebi is the selamlik-divanhane section of the house. The tenebi is the 
largest, most important and more decorative space in the house; it is a broad 
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rectangular area lying parallel to the courtyard. In front is a round, arched 
and broad iwan, parallel to the courtyard and the Tenebi along its long axis. 
The wall of the tenebi facing the courtyard has multi-colored windows. 
Stretching along both short sides of the tenebi are rooms called kellei, meaning 
“high rooms” that are reserved for the ladies’ use on special occasions. Beside 
the kelleis on both sides are rooms whose long axes are perpendicular to the 
courtyard. 

CONCLUSION 

Besides harboring the climatic, geographical, topographical and physical 
materials and other features of the regions they are a part of, traditional 
houses also bear the traces of social, cultural and economic aspects of their 
historical background. The regional characteristic of an area does not only 
embody its physical and geographical features but it is also witness to its 
history. Traditional houses are not simple physical manifestations but also 
cultural artifacts. Traditional and vernacular residential architecture carries 
major cultural codes. 

The residential layout known as the traditional courtyard house with 
iwan has its roots in the region of Mesopotamia, reaching down into the 
cultural footprints of one of the oldest archetypal plan that still lives with 
typological variations in some regions of the world. This residential layout 
incorporates in it under various names the arched reception salon standing 
in front of the Mesopotamian house with a central courtyard, the Assyrian 
Bit Hilani, Iraq’s rural Tarma House, the Apadana of Persian and Achemenid 
origins, the iwans of the Parthian and Sasanian Periods and the peristyle of 
the Hellenistic Period. This house is the integrated manifestation of the 
wooden pillared broad portico of Bit-Hilani, the facades of the Apadana of 
Persia, the peristyle arrangement of the Hellenistic courtyard house and the 
Malqfiar that reaches out into the architecture of ancient Egypt (Alkhansari 
2015, 278; Oelmann, 1922, 210; Reuther 1910, 40-41). All of these forms were 
born of religious, cultural and traditional solutions and continue to exist in 
the contemporary iwan-courtyard type of house. 
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Introduction 

Quality and production of arable crop plants is severely sensitive to 
environmental factors (IPCC, 2012). According to the FAO statistics, global 
cereal production was 2,720 million tons in 2019, which is 2.5% less compared 
to 2018. Although cereal production, especially wheat and maize, could 
increase for countries such as the United States of America (2020/2021), the 
world population is continuously increasing. The United Nations (UN) 
report estimated that world human population will reach 9.8 billion in 2050, 
and 11.2 billion in 2100 (UN, 2017). The highest population growth is 
expected in the African continent, where the population is predicted to 
double by the year 2050. Therefore, agriculture has to feed more people than 
before. The most important challenge for agriculture nowadays involves 
production good food quality and quantity for the growing human 
population. Changing environmental factors such as increasing annual 
average temperature, short time heat shock during growing season, 
insufficient water supply, drought and elevated atmospheric carbon dioxide 
concentration increase the problem. The above climate conditions have 
significant impact on basic plant metabolic processes such as photosynthesis 
and respiration, which influence growth, yield and quality of crop plants, 
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thereby impacting on food security. Therefore, under changing climatic 
conditions, climate-smart crop production is essential because it involves the 
use of good quality seed and well adapted genotypes, increasing the 
probability of harvesting crops with good seeds (FAO, 2011). Also, 
application of organic materials to crop plants could alleviate the negative 
impacts of climate change. The following sections will focus on the impact of 
drought, heat and a combination of the two on crop quality and quantity. 
Some of the strategies associated with tolerance to such stresses will also be 
discussed. 

Drought stress 

One of the factors associated with climate change is the change in 
precipitation patterns, which has devastating effects on human health, 
biodiversity and agriculture. According to Wang et al. (2003), 50 % and over 
of crop yield losses worldwide are associated with drought. Severe droughts 
as a result of strong El Niño of 2015-2016 and a number of localized extreme 
weather and climate events contributed to the recent rise in 
undernourishment (cited in WMO, 2019). Drought is a complex phenomenon 
that is difficult to accurately describe because its definition is both spatially 
variant and context dependent (Quiring, 2009). As a result, definitions for 
drought phenomenon vary.  

In 1992, the World Meteorological Organization glossary provided a 
definition of drought as: 

“1) prolonged absence or marked deficiency of precipitation;  
 2) period of abnormally dry weather sufficiently prolonged for the lack 

of precipitation to cause a serious hydrological imbalance”. 
Analysis made by Lloyd-Hughes (2014) opened loopholes in such 

definitions because they neglect the importance of evaporation and 
transpiration, which reduce the amount of water available for use. The 
definitions ignore the importance of lateral inflows (stream and ground-
water flows) into a region that can serve as important water sources in 
addition to the local precipitation. Furthermore, the definitions make no 
reference to the timing of the precipitation deficits, a factor which is crucial 
in the determination of many drought impacts. Earlier-on, Sheffield and 
Wood (2011) defined drought as “a deficit of water relative to normal 
conditions”. 

Drought occurrence in crop plants that are not acclimatized to the 
conditions have negative effects on the plants (morphologically, 
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physiologically, quality etc.), leading to drought stress. Prolonged lack of 
water in the soil-atmosphere system, which causes a lack of water in the plant 
and thus impairs the functioning of plants at physiological level is defined as 
drought stress. In this case, the water loss exceeds the water intake (Huzsvai 
and Rajkai, 2009). The responses to drought stress depends on factors such as 
intensity and duration, the crop type and its stage of development (Potapova 
et al., 2016). In the next sections the physiological, quality as well as the 
tolerance responses of crop plants to drought will be discussed in detail. 

The effect of drought on growth, physiology and quality of crop plants 

Reduction in plant growth, development as well as yield are the most 
typical symptoms of drought stress (Sairam and Srivastava, 2001). In the 
developing world, approximately 50–90 % of wheat productivity decrease is 
affected by water deficit (Skovmand et al., 2001). The initial effect of drought 
on the plants is poor germination and impaired seedling establishment 
because the processes depend on the activities of the enzymes such as 
amylases (used for breakdown of large carbohydrates in in order to provide 
energy used in growth and development) (Kaur et al., 2005) and proteases 
(breakdown of larger proteins into amino acids, reorganization of plant 
metabolism and the remobilization of nutrients) (Grudkowska and 
Zagdanska, 2004), which are usually reduced and cultivar specific (Muscolo 
et al., 2014).  

Growth limitation then follows because drought leads to loss of turgor 
in plant cells. As a result, reduction in the leaf size and number, plant dry 
weight, plant height and stem girth follow (Fahad et al., 2017). Loss of yield 
in drought stressed crops is also attributed to abscission of the flower and 
flower buds (Sivakumar and Srividhya, 2016), indicating that the 
reproductive stages are very sensitive to drought stress. Therefore, the time 
(i.e. the stage) at which drought stress is introduced is very important. 
Analysis by Zhang et al. (2018) showed that future droughts could further 
produce lower yields in rice and wheat. Since this could be true for other 
crops, research in this category needs to be prioritized.  

Most of the damaging effects of drought described above are associated 
with the photosynthetic process of the plant. Basal et al. (2020) observed a 
decrease in chlorophyll a and chlorophyll b content of soybean decreased 
under drought stress condition. Plants respond to drought stress with a 
cascade of biochemical reactions such as the production of abscisic acid, 
which promotes stomatal closing in the leaves, thereby reducing the rate of 
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transpiration. Although such a response may be important in maintaining a 
balance with the insufficient water uptake by the roots, it has devastating 
results. It leads to insufficient uptake of carbon dioxide through the stomata, 
which is essential to drive the process of carbon assimilation in the stroma of 
the chloroplast. Such limitations may promote an imbalance between the 
photochemical activity of photosystem II (PSII) and the electron requirement 
of the Calvin–Benson cycle, leading to excess excitation energy and 
subsequent photoinhibitory damage to PSII reaction centers (Arora et al., 
2002; cited by Efeoğlu et al., 2009; Arora et al., 2002). The excess energy is 
used at PSII to form the reactive oxygen species (ROS) such as the hydrogen 
peroxide (H2O2), superoxide anion (O2-) and hydroxyl radicals (OH-) (Arora 
et al., 2002). Such reactions inhibit the photosynthesis process because they 
damage the membrane lipids, proteins and nucleic acids (Mittler, 2002). The 
ROS may cause leaching of the ions across the cell membranes in drought 
stressed crop plants because of the membrane lipid peroxidation (i.e. damage 
of the membrane lipids caused by the ROS), making a crop plant 
dysfunctional and eventually, death. In addition, the chloroplast pigments 
such as chlorophyll, are negatively affected by excessive drought stress-
related ROS production, thereby reducing photosynthesis. The 
photosynthetic efficiency in crop plants depends on the availability of plant 
pigments, especially chlorophyll, as they trap sunlight and transfer its energy 
to the reaction centers at PSII and PSI, which eventually convert it energy to 
chemical energy. Drought led to significant reduction in the chlorophyll 
content in tomato (Sivakumar and Srividhya, 2016).  

 In addition, plant growth is affected by drought because it hinders the 
process of nutrient uptake, transport and distribution, which may impact 
on crop quality. Reductions in soil moisture with lower precipitation may 
reduce plant nutrient uptake by reducing nutrient availability through a 
decrease in mineralization rates and/or diffusion of soil nutrients to root 
surfaces, while reduced plant nutrient uptake capacity may also be attributed 
to the inhibition of the nutrient translocation from below- to above-ground 
tissues (cited by Luo et al., 2018). Drought stress drastically reduces nitrogen 
fixation in legumes, which ultimately affects protein composition. It also 
affects the enrichment of carbohydrates during seed filling impacting on seed 
size and quality. Furthermore, it influences nitrogen assimilation, resulting 
in poor quality seeds (Sehgal et al., 2018). In agreement, drought decreased 
leaf N and the total soluble protein content (Xu and Zhou, 2006). In tomato, 
this stress led to reduction in the soluble protein content, sucrose phosphate 
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synthase (SPS) activity, fruit volume and fruit diameter (Sivakumar and 
Srividhya, 2016). Moreover, drought decreased the accumulation of essential 
elements such as potassium (K), calcium (Ca), magnesium (Mg), phosphorus 
(P), nitrogen (N), sodium (Na), sulphur (S), iron (Fe), zinc (Zn), and 
manganese (Mn) in wheat (Hu et al., 2006). Similarly, significant reduction in 
N, P, K, Ca and Mg was found in mung bean lines irrespective of whether 
they were drought tolerant or sensitive, showing that nutritional components 
are severely affected by drought (Ali et al., 2018). Bista et al. (2018) found that 
drought-related decrease in nutrient concentration (N and P), was partially 
caused by the decreases in the concentration of root nutrient-uptake proteins. 
The intensity of drought stress plays a very important role in the nutritional 
quality of crops. For example, in Zea mays, severe drought caused a decrease 
in nutrient accumulation, whereas a mild stress led to a substantial increase 
in the nutrient concentration (Fischer et al., 2019). Furthermore, imbalance 
water supply determines fertilizer doses. For instance the required fertilizer 
dose under drought is 80 kg ha-1 while it is 160 kg ha-1 under optimal climate 
conditions for corn (Simkó et al., 2020).  

Balla et al. (2011) reported a negative correlation between starch granule 
size and grain protein content caused by drought stress. Moreover, they 
determined a significant increment in UPP% and Glu/Gli ratio related to heat 
stress. However, yield and thousand kernel weight decreased. A study by 
Labuschagne et al. (2016) showed that flour protein content, SDS soluble 
monomeric proteins, were significantly increased by heat and drought stress. 

Drought tolerance and nutritional quality improvement in crop plants 

Although complex, drought stress survival in crop plants can be 
achieved through several mechanisms: (i) escape (acceleration of plant 
reproductive phase before drought stress), (ii) avoidance (endurance with 
increased internal water content and prevention of tissue damage), and (iii) 
tolerance (endurance with low internal water content while sustaining 
growth over the drought period) (Basu et al., 2016).  

In addition, the known adaptation responses such as increasing root 
water uptake from the soil (by increasing the root biomass), reducing water 
loss by closing stomata and adjusting osmotic processes within tissues 
(Rodrigues et al., 2019), plants respond to drought stress by activation of a 
strong antioxidative system that is aimed at scavenging the toxic ROS 
produced. The major ROS scavenging enzymes are those involved in the 
ascorbate-glutathione pathway (e.g. ascorbate peroxidase (APX), 
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dehydroascorbate reductase (DHAR), glutathione reductase (GR), etc.), 
superoxide dismutase, guaiacol peroxidase (POD) and catalase. These 
enzymes may act independently or in conjunction to catalyse conversion of 
H2O2 to water and O2, thereby minimizing damage within the plant. 
Activities of these enzymes may be affected by the time at which drought 
stress is imposed. For example, in soybeans, guaiacol peroxidase was 
selectively involved in drought resistance at flowering stage whereas 
ascorbate peroxidase was involved throughout the reproductive stages 
(Moloi et al., 2016). Also, depending on whether a plant is drought sensitive 
or tolerant, the activity level for these enzymes will differ (Laxa et al., 2019; 
Figure 1). Through the action of antioxidative enzymes, the ROS such as 
hydrogen peroxide may be kept at low levels, which can promote the 
signaling events leading to induction of the defense responses and eventually 
drought tolerance (Guler and Pehlivan, 2016).  

 
Figure 1. “Changes in the activation of the antioxidative system in sensitive 
and tolerant species. Orange, downregulation, blue, upregulation, grey, no 
significant changes, no color, no data. APX, ascorbate peroxidase; CAT, 
catalase; DHAR, dehydroascorbate reductase; Fd, ferredoxin; GPX, 
glutathione peroxidase; GR, glutathione reductase; MDHAR, 
monodehydroascorbate reductase; PRX, peroxiredoxin; SOD, superoxide 
dismutase; TRX, thioredoxin” (Laxa et al., 2019). 

 
Osmotic adjustment (OA) and cellular compatible solute accumulation 

are widely recognized to have a role in plant adaptation to dehydration 
mainly through turgor maintenance, which could maintain water uptake, cell 
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turgor, and functions of stomata by accumulating large quantities of 
osmolytes. A positive and significant association between OA and yield 
under drought stress exists in most crop plants (Blum, 2017; Zivcak et al., 
2016). Omolytes such as proline, glycine-betaine, non-structural sugars, etc., 
play a crucial role in the drought tolerance responses. For example, 
concentrations of proline, carbohydrates, phenolics and proteins were 
considerably higher under severe drought stress conditions as compared to 
well-watered control in maize. Accumulations of these osmolytes in all maize 
hybrids increased with the severity of drought stress, where cultivars with 
better tolerance to drought had higher accumulation (Anjum et al., 2017).  

Polyamines (PAs) also play an important role in drought tolerance. 
Studies show that putrescine, spermidine and spermine are capable of 
protecting plant cells from the damages caused by drought, which could be 
achieved through enhancement of the antioxidant defense system, restriction 
of ethylene synthesis, maintenance of cell pH and ion homeostasis and 
preventing chlorophyll loss (Zhang et al., 2020), suggesting better crop 
growth and quality. Spermidine application was effective in improving 
drought tolerance in rice (Farooq et al., 2009). Based on these encounters, 
earlier suggestions by Capell et al. (2004) that manipulation of polyamine 
biosynthesis in plants can produce drought-tolerant germplasm, are 
supported. 

Small molecules such as peptides or hormones may also be useful for 
fine-tuning drought response pathways while preserving yield as well as 
nutritional quality in agricultural crops. For instance, since the accumulation 
of macro- and micro-nutrients is negatively affected by drought, exogenous 
application of melatonin enabled maintenance of uptake fluxes in drought 
stressed apple plants by increasing the uptake, utilization, and accumulation 
of N. Its application reversed the inhibition of enzymes involved in N 
metabolism such as nitrate reductase, nitrite reductase, glutamine synthase 
and glutamate synthase. Noteworthy, melatonin application also increased 
nutrient uptake by increasing transcription of the related genes (Liang et al., 
2018). Furthermore, exogenous melatonin enhanced drought tolerance by 
increasing antioxidant capacity, decreased the membrane damage and 
retained an intact grana lamella in chloroplast (Cui et al., 2017), leading to 
increased photosynthetic capacity.  

Abscisic acid (ABA) is an important hormone for drought in plants 
through various morpho-physiological and molecular processes including 
stomata regulation, root development, and initiation of ABA-dependent 
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pathway. Other essential hormones that can mitigate drought stress is crop 
plants include jasmonic acid (JA), salicylic acid (SA), ethylene (ET), auxins 
(IAA), gibberellins (GAs), cytokinins (CKs), and brassinosteroids (BRs). 
Another possibility for drought stress survival includes cross talk among 
these phytohormones (Ullah et al., 2018). 

Based on these applications, hormones seem to fit the definition of a 
biostimulant. “A plant biostimulant is any substance or microorganism 
applied to plants with the aim to enhance nutrition efficiency, abiotic stress 
tolerance and/or crop quality traits, regardless of its nutrients content” (Du 
Jardin 2015). Protein hydrolysates, amino acids, humic substances, seaweed 
extracts and food or industrial waste-derived compounds are other examples 
of organic materials used as biostimulants (Tóth and Meloi, 2019; Madende 
and Hayes, 2020). Application of biostimulants increased pod yield, 
nutritional value as well as chemical composition of pods and seeds under 
drought and normal conditions (Petropoulos et al., 2020). Furthermore, the 
use of microbial biostimulants such as beneficial fungi, yeasts and eubacteria 
have the ability to improve plant nutrition, growth, productivity and stress 
tolerance (Sangiorgio et al., 2020). Du Jardin (2015) provided a summary of 
how different biostimulants can be used for drought tolerance and ion 
homeostasis in crops such as wheat, barley, tomato, maize, etc. Although 
phytotoxicity may occur when not properly administered, industrial by-
products such as sewage sludge can also be used alleviate nutritional 
deficiencies such as iron, induce the accumulation of the photosynthesis 
pigments and dry mass in plants (Tóth and Moloi, 2019). Under drought 
stress, application of such organic waste materials was effective in improving 
nutritional quality of turf (Zhang et al., 2012).  

Therefore, it is clear that the use of biostimulants as an alternative to 
genetic engineering and traditional breeding, present a cost-effective, 
sustainable and environmentally friendly agricultural solution in order to 
improve crop yields and the nutritional quality of crops under drought in 
view of the current climate change events. 

Heat Stress 

In addition to drought stress, heat stress poses a serious threat of 
diminishing crop production (Lesk et al., 2016). Although important for food 
security, agriculture also contributes to global warming because it produces 
tons of greenhouse gases. For example, animal husbandry emits methane and 
carbon dioxide content in the air, which is increasing due to cutting off rain 
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forests. This in turn leads to increasing air temperature, thereby influencing 
crop production. Heat stress is becoming a general shock for crop production, 
as a result heat tolerant variety helps to moderate the impact of high 
temperature (Poudel and Poudel, 2020). 

For many crops, optimum temperature for grain development and filling 
is between 12 and 22 °C (Farooq et al., 2011). An increment (1 °C) in annual 
air temperature causes 6% reduction of world wheat production (Asseng et 
al., 2011), but this loss could be higher if heat shock occurs during grain filling 
(Farooq et al., 2011). Lobell and Asner (2003) stated that maize yield 
decreased by 17% for each degree Celsius increment during growing season. 
On the other hand, heat stress leads to poor seed germination, decreases grain 
filling, generates smaller grains with smaller diameter and weight, and 
decrease grain yield (Spiertz et al., 2006; Tewolde et al., 2006; Labuschagne et 
al., 2009). Such decreases could be attributed to the fact that heat stress cause 
among others, a decrease in the photosynthesis capacity and induce leaf 
senescence by inhibiting chlorophyll content and intensify production of the 
ROS (Jespersen and Huang, 2015; Wang et al., 2016; Suzuki and Katano, 2018; 
Zhang et al., 2018). In addition, such stress may impact negatively on quality 
of crop plants. In bread wheat, heat stress treatment led to significantly lower 
starch content and small polymeric proteins (albumins and globulins 
(Labuschagne et al., 2009; 2016). Iqbal et al. (2017) associated the effect of heat 
stress on grain yield to its timing, duration and intensity. Compared to the 
vegetative stages, heat stress causes more damage to crop plants during the 
reproductive stages, which is mainly attributed to disruption in the 
development and functioning of the male reproductive system (Sita et al., 
2017). 

Effect of high temperature on photosynthesis  

The two most important processes plant in plants are photosynthesis and 
respiration. Heat stress interferes with their metabolic pathways and thus 
shorten the plant life cycle with a consequence of reduced plant production 
(Barnabás et al., 2008). Therefore, any environmental factor that has impact 
on these pathways, has an indirect effect on grain quality and quantity 
(Figure 2).  
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Figure 2. Effect of photosynthesis on protein synthesis and consequently on 
protein quality in grains (made by Tóth B.) 

 
Photosynthesis regulates plant growth and development based on the 

atmospheric carbon-dioxide content light length and intensity. Furthermore, 
it provides essential energy for metabolism and basic physiological 
processes. The key enzyme of photosynthesis, Rubisco (ribulose-1,5-
biphosphate carboxylase or oxygenase), which is liable for fixing CO2 (Dey et 
al., 2015), is extremely sensitive to high air temperature. According to some 
studies, photosynthesis is directly affected at 30 °C because of kinetic 
properties of Rubisco (Salvucci and Crafts-Brandner, 2004).  

High atmospheric temperature may also cause stomatal closure, which 
limits photosynthesis. Many studies focused on the connection between high 
temperature stress and photosynthesis. High temperature damages the light 
energy conservation and light-harvesting complex, which have unfavorable 
impact on photosynthesis (Xu et al., 1995). Additionally, heat stress also 
inhibits the photosystem II electron transport chain, which has influence on 
chlorophyll fluorescence and cause serious damage to the thylakoids, leading 
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to decreased chlorophyll content (Ristic et al., 2007).  
The optimum temperature for photosynthesis varies according to the 

plant type. In citrus, it was found to be between 20 °C and 30 °C (Ribeiro et 
al., 2004), 10 °C to 28 °C in case of wheat (Sawada, 1970; Yamasaki et al., 2002) 
and 23 °C to 28 °C for maize (Bird et al., 1976). Hew et al. (1969) published 
decreased photosynthesis with increasing air temperature from 20 °C to 40 
°C in dicotyledonous plants. Decreased photosynthesis could be observed 
between 28 °C and 35 °C in wheat (Scott et al., 1990). Sub-optimal 
temperature reduces photosynthetic capacity of plants (Ashraf and Harris, 
2013). Although photosynthesis significantly decreased after three hours of 
heat stress in some instance, it increased three hours later and continued to 
increase. After 12 to 24 hours of heat stress, the recovery was 68.8 % and 45.2% 
respectively, indicating that plants do not respond the same (Song et al., 
2014).  

A 2-3 °C increase in atmospheric temperature resulted reduction in dry 
matter production, 1000-grain weight and percentage of ripened grains of 
rice. Moreover, heat shock during ripening phase reduced grain quality as 
well (Oh-e et al., 2015).  

Plants have developed diverse mechanisms to secure survival under 
high temperature. These strategies are the following: modified leaf 
orientation, transpirational cooling, alterations in the membrane lipid 
composition, short-term stress avoidance and acclimation mechanisms 
(Wang et al., 2004). To produce sufficient yield under heat stress conditions, 
heat-tolerant genotypes with higher photosynthetic rate, elevated membrane 
thermostability and heat avoidance are key (Scafaro et al., 2010). Some 
natural chemical compounds play important role in heat stress tolerance. 
Dobra et al. (2010) stated proline overproduction under heat stress, had 
impact on leaf osmotic potential and xanthophyllic pigments synthesis. 
According to Sakamoto and Murata (2002), glycine betaine plays a significant 
role in heat tolerance, especially in Rubisco activation. High amount of 
glycine betaine was measured in corn and sugarcane under high temperature 
conditions. Whilst, tobacco, rice and mustard did not produce this chemical 
under heat stress (Quan et al., 2004; Wahid and Close, 2007). Heat stress 
tolerant crop breeding should further focus on the identification of tolerant 
lines and genes that are important for molecular genetics.  

In the last years, very few heat tolerant varieties have been identified, 
because of regulatory issues associated with genetically modified organisms 
GMOs. The other reason is that laboratory conditions are not the same as field 
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conditions where there are many modification factors (Bita and Gerats, 2013). 

Influence of high temperature on quantity and quality of yield  

Heat stress influences grain dry weight and quality. Spring wheat 
genotypes were examined in an experiment conducted by Spiertz et al. (2006). 
In their report, heat stress led to decreased grain dry weight, increased flour 
protein content, glutenin macropolymer particles (GMP) and quantity. 
Influence of heat stress on wheat proteins was studied in many cases. Some 
researchers explained larger decrease in grain yield than in protein content 
(Stone and Nicolas, 1998). Others reported increased protein content under 
heat stress, but decreased functionality of protein (Corbellini et al., 1997) and 
duration of protein accumulation (Gaines et al., 1997).  

Furthermore, free amino acids (arginine, alanine, leucine, glycine, 
phenylalanine, valine and lysine) are also damaged by heat stress (Babita and 
Prashaht, 2019; Wang et al., 2018). Wang et al. (2018) showed that 
upregulation of proline, glutamate, glutamine and histidine play an 
advantage role in heat tolerance. Proline has favorable impact on stability of 
protein and membrane under heat stress (ElBasyoni et al., 2017) whilst Harsh 
et al. (2016) stated the above-mentioned effect on sugar alcohols. On the other 
hand, proline is a stress amino acid that is produced when plants are affected 
by biotic or abiotic stressors, so higher proline accumulation can be observed 
during heat stress too. Changes in protein content, and quality of wheat 
protein has effect on dough properties as well. Daily temperature above 35 
°C during grain filling have the most important effect on dough 
characteristics and causes weak dough properties. Heat stress also causes 
significant changes in monomeric and polymeric proteins distribution. 
Protein content, sodium dodecyl sulphate (SDS) soluble large monomeric 
and SDS insoluble large polymeric proteins were significantly higher during 
heat stress compared to non-stressed growing conditions. While SDS 
insoluble small polymeric proteins were significantly decreased 
(Labuschagne et al., 2016). Don et al. (2020) explained that high molecular 
weight/low molecular weight ratio of GMP is lower during heat stress 
compared to normal growing conditions. Short time heat stress is common in 
many counties during anthesis. High air temperature could cause significant 
modification in yield, water-soluble carbohydrates, proline and protein 
content, and phenotypic characteristics (Qaseem et al, 2019). 

Heat stress also has influence on grain micro element content. Iron and 
zinc concentration in durum wheat grains increased by drought stress but 
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not decreased by heat stress (Guzmán et al., 2016). Biostimulants have a 
potential of improving tolerance and also quality of crop plants under high 
temperature stress. In tomato, application of Cycloflow, which a plant based 
biostimulant, led to better growth and number of fruits under heat stress. At 
physiological level, this biostimulant increased the contents of antioxidants 
in leaves and fruits, making the plants to be better equipped to fight the 
damage associated with the ROS and also improve the consumer health. 
Important to note however, is that the effects of biostimulants could be 
genotype specific (Fransesca et al., 2020). 

Plant growth regulators also have a potential of alleviating the negative 
effects of heat stress in crop plants. Sharma et al. (2020) reported that 
treatment of plants with the plant growth regulators increased their resilience 
to heat stress by protecting the cell membranes, increasing photosynthesis 
and leaf water status as well as increasing carbon allocation. 

Combination of heat and drought stress 

In nature, the combination of drought and heat stress often occur 
simultaneously and have more severe impact on grain quality and quantity 
compared to each stress alone. Although drought is known to have more 
effect on the water status of the plant, it is highly dependent on the prevailing 
temperature. In soybeans, the impact of such combination stress was more 
severe than when each stress was imposed alone, leading to even more 
reduction in the growth (total leaf area, aboveground biomass) and seed yield 
parameters (number of pods, number of seeds/plant, 100 seed weight, seeded 
pods). These reductions were genotype as well as growth stage specific 
(Jumrani and Bhatia, 2018). Therefore, it is imperative to have a good 
understanding of such combined stress in order to develop genotypes that 
can thrive when grown in such environments. In wheat, the yield loss was 
57% during drought stress, 76% by combined drought and heat stress, and 
only 31% in case of heat stress. In addition to this, 1000-kernel weight 
decreased by 44% during drought conditions and by 67% during drought and 
heat stress environmental conditions (Balla et al., 2011).  

At physiological level, the combined stress has predominant effects over 
individual stress leading to even higher accumulation of malondialdehyde 
and hydrogen peroxide; decreased leaf water content, PSII efficiency 
(Fv/Fm), quantum yield and gas exchange parameters (Raja et al., 2020). 

High temperature and drought stress often appear after heading and 
during grain filling period which affect quality of wheat grains. SDS 
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sedimentation volume also changes during heat and drought stress. The 
combination of heat and drought stress increased SDSS. While lactic acid 
retention capacity and mixograph peak time increased during drought and 
decreased under heat stress. Drought and heat stress significantly reduced 
yield and increased flour yellowness of durum wheat (Li et al., 2013).  

At physiological level, tolerance to such combination stress was 
associated with inhibition of the light harvesting capacity while increasing 
the non-photochemical quenching (which will ensure that there will be 
reduced ROS formation), maintaining growth and development by fine 
tuning the hormonal signaling (Demirel et al., 2020). In tomatoes, tolerance 
was attributed to high proline content, increased non-enzymatic and 
enzymatic antioxidants as well as upregulation of the stress responsive genes 
(Raja et al., 2020). External application of proline in rice alleviated the 
negative impacts of combination stress by upregulating the activities 
antioxidative enzymes, total soluble proteins (TSP), leaf proline and glycine 
betaine contents, and reducing lipid peroxidation, which resulted in 
improved chlorophyll contents and yield (Hanif et al., 2020). Less information 
is available on the use of biostimulants to alleviate stress related to drought 
and high temperature combination. Therefore, the developments in this 
direction would contribute further to food security under changing climate. 

Effect of elevated atmospheric carbon dioxide concentration on yield 
quality and quantity 

Atmospheric carbon dioxide concentration is continuously increasing. 
Average annual carbon dioxide concentration in the atmosphere increased 
by 24% from 1958 till 2020 (Figure 3).  

Based on Carter et al.’s (2007) assessment, CO2 concentration will be 550 
ppm in 2050. Carbon dioxide (CO2) has significant influence on 
photosynthesis, which is the basic process of organic matter production, as 
well as yield. Based on the photosynthetic pathway (C3 or C4), the 
atmospheric CO2 concentration has different effects on various crops. Carbon 
dioxide sometimes called free fertilizer because slightly increased CO2 level 
has a small fertilizing effect on crops. However, if the other environmental 
conditions are unfavorable (e.g. dry climate condition during the growing 
season, insufficient nitrogen availability and high temperature), this is 
impossible. These conditions highly negatively correlate with protein, 
mineral and trace elements content (such as iron and zinc) (Loladze, 2014). 
Elevated CO2 concentration may also cause reduced respiration and lower 
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stomatal conductance. This means that plants absorb less water and 
nutrients, leading to reduced biomass and they become less nutritious. One 
aspect associated with the nutritional quality of crops is that, humans, insect 
pests will also have to compensate by eating more to meet their nutritional 
needs (Hatfield et al., 2011).  

 
Figure 3: Average annual carbon dioxide concentration (ppm) from 1958 to 
2020 (2020 annual average means four months reading between January and 
April). Source of original data is the following: 
https://www.climate.gov/news-features/understanding-climate/climate-
change-atmospheric-carbon-dioxide. 

 
The C4 plants have capacity to increase the carbon dioxide concentration 

within their leaves before photosynthesis begins. This is why increased 
concentrations of CO2 in air will not provide benefits to C4 plants under 
normal conditions. Under moisture stress conditions, most C4 crops will lose 
less moisture, and their yield will be affected less (Simpson, 2017).  

Several studies proved that crop quality changes by increasing 
atmospheric carbon dioxide (Fernando et al., 2012; Högy and Fangmeier, 
2008; Uprety et al., 2010; Broberg et al., 2017; Ebi and Ziska, 2018). Research 
reports stated that increasing CO2 level induced quicker growth whilst it 
reduced the nutritional quality of crops (Dong et al., 2018; Soares et al., 2019; 
Ujiie et al., 2019). Changes were detected especially on carbohydrate, protein 
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and micro elements content. Higher carbohydrate, reduced protein and 
mineral content were measured under elevated atmospheric CO2 
experimental conditions (Taub et al., 2008; Dietterich et al., 2015). The main 
micro elements studied under increased CO2 concentration include Fe and 
Zn. Weyant et al. (2018) expected in their paper that the impact of Zn and Fe 
deficiency related to elevated CO2 concentration in human nutrition will 
affect 125.8 million people globally, most of them are living in Africa and 
Southeast Asia, until 2050. We do not have any information on how does 
increasing CO2 concentration influence vitamins, fatty acids, or other plant-
based nutrition compounds. Broberg et al.’s (2017) results showed decreased 
nitrogen and protein content related to elevated CO2 level. In association with 
high CO2 level, sulfur, iron and phosphorus – as main amino acid 
components – also negatively were influences.  

Dough quality is significantly determined by gliadin: glutelin ratio. Both 
of these proteins are highly influenced by atmospheric CO2 conditions. The 
combined impact of nitrogen and CO2 level was tested on wheat. High 
molecular weight glutenin subunits were more influenced (18-23%) than low 
molecular weight subunits (12-15%). In addition, declining baking quality 
was detected in flour when wheat was grown under elevated CO2 
concentration (Wieser et al., 2008).  

Fernando et al. (2012) declared that increasing CO2 concentration causes 
a change in the rheological properties and nutritional value of grains. 1000-
kernel weight and grain diameter of wheat increased by elevated CO2 
concentration. However, flour protein content was decreased by 11% and 
mineral composition also reduced by 7-19% (e.g. Ca, Mg, P, S, Fe, Zn and Na). 
The highest reduction was observed in case of Na and Zn, 19% and 17 % 
respectively. Rheological parameters, bread volume and phytate content also 
reduced. They estimated that reduced phytate content may improve 
bioavailability of Zn and Fe. In contrast to the above, increased CO2 level led 
to increased grain number but decreased their weight (Rawson, 1995).  
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INTRODUCTION 

The agricultural sector is an essential sector that contributes the 
employment, conducts agricultural production an ensures the continuity of 
the production. Total population and employment have increased day by 
day in Turkey but, the population and employment in agricultural sector 
have decreased day by day. Elderly population has stayed in the rural area. 
When considering the sectoral share of employment in Turkey, the 
contribution of agriculture is 19.5%; the contribution of industry is 19.6%; the 
contribution of services is 54.3 %, the contribution of construction sector is 
6.9 % (TUİK, 2019). When the population data is examined, the population, 
which is 83.154.997, consists of 48.8 % female and 50.2 % male. According to 
the distribution of the population by age, 0-14 age group includes 23.1 %, 15-
64 age group includes 67.8 % and over 65 years of age group includes 9.1 % 
of total population (TUİK, 2020). As we can see, the young population is 
away from agriculture and does not want to stay in the rural area although 
the rate of young population which can be employed is quite high (67.8%) 
(Davran et al. 2017; Doğan et al. 2018; Kan et al. 2019; Yalçın et al. 2020). 
Young population migrate to cities for some reasons such as education, 
health, employment and living in better conditions and opportunities. The 
continuity in agricultural production is possible with the young population 
who stays in rural area. If young people can stay in the rural area, it can be 
easy to resolve the seasonal unemployment in the rural area with the 
industry based on agriculture, to receive a recompense for their work, and to 
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transmit the opportunities in the city to the rural area. However, the 
agricultural sector is far from responding to the needs of young people and 
the young people get away from the agricultural production. Although the 
rural population rate in Turkey is nearly 8%, the population engaged in 
agriculture decreases and age average increases in parallel with the decrease 
in population in the rural area. Considering the quality of the migrating 
population in a study, it has been determined that migration in Hadim is 
dynamic and 61.54% of the population is young (Kan, 2012). As can be seen, 
this problem occurs in all rural areas and it becomes difficult to continue 
agricultural production in terms of active labor force. In addition, young 
people migrate to cities for some reasons such as increasing the misuse of 
cultivable agricultural land that causes the enterprises to become small, 
young people do not accept agriculture as a profession and so on. To improve 
the quality of life of young people living in rural areas and to produce both 
effective and productive policies in terms of rural development can be 
thought as an important issue. By taking measures to increase the economy 
policies in the rural area, it should be providing to recover the economy, to 
protect the natural sources and environment and to increase the population 
that contributes to production by living directly in the rural area, not 
employed in agriculture (Yavuz and Dilek 2019). To make the rural areas 
attractive is possible with making investments that will provide employment 
for youth and to create new projects. Policy-makers need to focus on studies 
to consider agriculture as a profession and give the importance to the 
agricultural population. The agricultural sector is one of the most protected 
and required sectors in the world considering the structural features of 
agricultural production and the food source. Although the share of 
agricultural employment in developed countries is 1-3%, agricultural 
supports are also essential so as to meet a certain income standard for farmers 
(Bayraktar and Bulut, 2016). The first purpose of agricultural support policies 
is to protect producers and consumers in the country against fluctuations in 
prices and to reduce the imbalances in income distribution. The second one 
is to increase the contribution of agriculture in reducing the environmental 
problems in terms of ensuring economic growth and development (Yavuz et 
al. 2004). Other purposes can be considered as increasing the income and 
welfare levels of producers operating in the agricultural sector, providing 
price stability, protecting the environment, sustaining agricultural activities 
in terms of rural development and promoting it to a highly competitive 
sector (Tan et al., 2015). Entrepreneurship should be supported in the 
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agricultural sector. On the basis of this purpose, "Young Farmer Projects 
Support" has been included to the support program which is based on the 
importance of young people staying in the rural area within the framework 
of the "National Agriculture Project" in 2016 (Anonymous, 2016). It has been 
aimed to prevent migration from rural areas to the city by encouraging 
young people to stay in agriculture on the basis of this project. 931.100.297 
TL grant payment has been done to 47.778 young farmers within 3 years by 
granting 30.000 TL per enterprise (Table 1).  

Table 1. The number of farmers benefited from supports of “Young Farmer 
Project” and the amount of grants (Anonymous, 2019a) 

2016 Year 2017 Year 2018 Year Total 

Number 
of Farmer 

Amount 
(TL) 

Number 
of 

Farmer 

Amount 
(TL) 

Number 
of 

Farmer 

Amount 
(TL) 

Number 
of 

Farmer 

Amount 
(TL) 

14.978 449.090.297 16.067 482.010.000 16.733 530.000.000 47.778 931.100.297 

 
 Rural development projects supported by Konya Provincial Directorate of 
Ministry of Agriculture and Forestry, the number of farmers and the amount 
of grants are given in Table 2. 

Table 2. The agricultural supports in Konya (Anonymous, 2019b) 

Supported Projects Years Number of 
Farmers 

Supported 
price (TL) 

Machinery Equipment 
Projects 

2007-2014 8.398 55.563.375 

RDSP Irrigation Systems  
(50% grant) 

2007-2017 2.101 29.193.046 
2018 1.857 32.390.266 

Economic Investment 
Projects 

2006-2018 510 projects 157.987.776 

Young Farmer Projects 
(30.000 TL grant) 

2016 255 7.650.000 
2017 265 7.950.000 
2018 276 8.280.000 

Breeding Heifer Projects 
(50% Grant)  

2014-2015-2016 796 3.989.200 

KOP (Konya Plain 
Projects) Barn and Corral 
Construction (50% Grant) 

2014-2018 132 14.598.301 
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It is clear to see that the highest support has been given to economic 
investment projects, then machinery equipment projects have followed this 
ranking, and rural development support project (RDSP) irrigation systems 
are the third one. Supports given by the Young Farmer Project within the 
scope of Rural Development Supports in 2016-2017 and 2018 are shown in 
Table 3. The number of farmers who has benefited from the supports are 684. 
The share of greenhouse cultivation within supports is 5.78%. 

While the rate of greenhouse cultivation projects among total projects 
was higher in 2016 (9.41%), this rate was lower in other years (3.40% and 
4.71%). 

Table 3. The supported projects within young farmer supports 
(Anonymous, 2019b)  

 
Year 

Supported Projects 
 

Status of 
greenhouse 

cultivation among 
total projects 

Animal 
Production 

Plant Production Total 
(pcs) 

Piece 
(pcs) 

Rate 
(%) 

Piece 
(pcs) 

Rate (%) Piece 
(pcs) 

Rate (%) 

2016 240 94.12 15 5.88 255 24 9.41 
2017 225 84.91 40 15.09 265 9 3.40 
2018 219 79.35 57 20.65 276 13 4.71 
Total 684 85.93 112 14.07 796 46 5.78 

  
It is clear that animal production projects have been supported more than 

plant production projects in 2016, 2017 and 2018 as shown in Table 3 and 
Figure 1.  

 
Figure 1. Distribution of producers benefited from young farmer supports in 
terms of production 
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Although greenhouse cultivation in Konya was started with the 10 
decares area in 1996 (Oğuz & Arısoy, 2002), but it has reached 297 decares 
considering TSI data in 2019. Greenhouse area is increasing day by day with 
the help of some projects such as KOP projects and young farmer supports. 
The supports both increase the greenhouse cultivation, and contribute to the 
increase of the operating averages of the enterprise. This study has included 
the enterprises which conduct greenhouse cultivation within the scope of 
Young Farmer Support Project in Konya. Some concepts such as population, 
workforce, education, land use status, cultivated products, the ratio of 
greenhouse products in total production, current status and structural 
features of greenhouses established by supporting have been examined and 
detailed in this study. 

1. MATERIAL and METHOD  

The data which has been obtained from the producers benefited from the 
greenhouse cultivation projects in 2016-2017 in some districts such as 
Akşehir, Beyşehir, Bozkır, Derebucak, Doğanhisar, Güneysınır, Hadim, 
Hüyük, Ilgın and Seydişehir in Konya has been thought as the main material 
of the study (Table 4). 
 

Table 4. Number of young farmers benefited from greenhouse cultivation 
support in Konya and their districts 

No Districts 2016 2017 Total district 
1 Akşehir 3 7 10 
2 Beyşehir 1 1 2 
3 Bozkır - 2 2 
4 Derebucak 2 1 3 
5 Doğanhisar -- 3 3 
6 Güneysınır - 3 3 
7 Hadim 1 2 3 
8 Hüyük -- 1 1 
9 Ilgın 1 -- 1 
10 Seydişehir 1 1 2 

Total  9 21 30 
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In accordance with the voluntary basis, the questionnaires have been 
conducted in August-September in 2018. Moreover, various studies and 
statistical data which have done by some individuals, institutions and 
organizations have been taken into consideration. The data of the study has 
consisted of the data obtained from the questionnaires conducted with 30 
producers who benefited from greenhouse supports in 2016 and 2017. The 
sample volume of the study is 30 and complete inventory has been done. 
Settlements with a population of less than 20 thousand have been described 
as rural areas according to the implementation of the Young Farmer Support 
Project. Farmers have been defined as landlord, tenant, competitor or partner 
who have made agricultural production at least one production period as 
legal and real person in Agriculture Law. According to the implementing 
statement of the young farmers support project, real people between 18-40 
years old who want to live in rural areas or want to conduct agricultural 
activities are described as young farmers. It is an important criterion in the 
ARDSP/ IPARD Program that the applicant (if he / she is a real person, he/she 
will be ready by himself, and if he/she is legal person, the person who 
represents and bind the legal person will be ready for application) is under 
40 years old on the date of application. Young farmer definitions have been 
also used in this study as mentioned before (Anonymous, 2006; Anonymous, 
2018). Plant production under high and low plastic tunnels is defined as 
greenhouse cultivation. The structures that allow economic cultivation of 
plants and provide development opportunities for plant production are 
called “greenhouses” during the periods when climate conditions are not 
suitable for growing plants in the open area (Sevgican et al. 2000). The 
managers examined in the research are suitable for the definition about the 
producers who make greenhouse production. While the population and 
workforce are determined in the enterprises examined, it has been examined 
in terms of age, education and gender considering both family workforce and 
the foreign workforce at the same time. In order to, the workforce of the 
farmer family has been turned into a male workforce unit (EIB) so as to 
express the workforce of the enterprises with a common unit. In the 
transformation of the population to EIB, the coefficients of 0.50 for 7-14 years 
old, 0.75 for women between 15-49, 1.0 coefficient for men, 0.50 for women 
between 50 and over, and 0.75 for men have been taken (Açıl and Demirci 
1984). In addition, the average daily working hour has been determined as 8 
hours. The working day within a year has been accepted as 280 days (Oğuz 
and Mülayim 1997). Alternative wages have been determined on the basis of 
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foreign (temporary) labor wages by taking into account the actual working 
time of the family members in these production activities. The working hours 
in the greenhouse have been calculated on the basis of the statements of the 
farmers in the questionnaires. 

3. RESEARCH FINDINGS  

3.1. Population and Labor Force Status of Enterprises 

Within the scope of the research, the enterprises that started greenhouse 
production have been examined by getting support from the "Young Farmer 
Support Projects" launched in 2016 within the scope of "Rural Development 
Supports" of the Ministry of Agriculture and Forestry. 

Some concepts such as education level, knowledge level about 
greenhouse cultivation, whether the land where the greenhouse is located 
belongs to the producer or not, the use of credit, the size of the land and the 
greenhouse, the information and values regarding the people working in the 
enterprise have been determined. Most producers have started greenhouse 
cultivation with the support of young farmers. Each family is considered as 
an enterprise. Population status that belong to the enterprises are given in 
Table 5. The average population per enterprise is 4.53 people. 50% of the 
population in enterprises is male and 50% is female. Considering the age 
groups, 13.24% of the population is between 0-6 age group, 17.65% between 
7-14 age group, 54.41% between 15- 49 age group and 14.71% between 50 and 
above. 

 

Table 5. Distribution of age groups in enterprises 

 
When the annual working day is accepted as 280 days, the total potential 

workforce is 1268 EIG since the average population in enterprises is 4.53. 
Enterprises are small sized and the rate of foreign labor usage is very low. 

Population by 
Age Groups 

0-6 7-14 15-49 50+ Total 
M F M F M F M F M F M+F 

Average of 
Enterprises 

0,33 0,27 0,33 0,47 1,30 1,17 0,30 0,37 2,26 2,27 4,53 

Rate of Total 
Population (%) 

7,35 5,88 7,35 10,29 28,68 25,74 6,62 8,09 50,00 50,00 100,00 

Rate of Total 
Population (%) 

13,24 
 

17,65 
 

54,41 
 

14,71 100,00 
 

 
 



501 
 

There is no permanent use of labor in the enterprise. The total workforce in 
the enterprises has been determined as 390.20 (Table 6). 92.77% of the total 
workforce belong to the family workforce. 

Table 6. The use of workforce in the enterprises  
Family 
Workforce 
Potential 

The use of Family Workforce Total 
Family 
Work 

force 

Foreign 
Work 

force 

Idle 
Work 

force 

Total 
Work 

force 
Enter 

prise 

Non-
operating 
agriculture 

Non-
operating 

EİB EİG EİG EİG EİG EİG EİG EİG EİG 

2.98 834.40 252.00 - 110.00 362.00 28.20 472.40 390.20 

53.33% of the young farmers who have been supported within the scope 
of the project are women and 46.67% of them are men and the average age of 
the managers who started greenhouse production is 33.27.  

3.2. Education Level in the Enterprises 

The educational status of the population over 6 years old and young 
people who have been supported has been determined in the enterprises. 
0.85% of the population is literate, 51.69% is primary school graduate, 20.34% 
is secondary school graduate, 25.42% is high school graduate and 1.70% is 
university graduates and some are still students (Figure 2).  

56.67% of young farmers are primary school graduate, 23.33% are 
secondary school, 16.67% are high school and 3.33% are university graduates 
(Figure 3). Considering the general population, university graduates are 
higher in youth.  
       

 
Figure 2. Education level in Enterprises (%)  
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Figure 3. Education level of young farmers (%)    
 

56.67% of young farmers are primary school graduate, 23.33% are secondary 
school, 16.67% are high school and 3.33% are university graduates (Figure 3). 
Considering the general population, university graduates are higher in 
youth. Arlı et al. (2014) have found that 56% of young people have wanted to 
start or continue their farming profession and 44% have not wanted to start 
or continue their farming profession in their study conducted in Akhisar, 
Manisa. They have determined that the majority of those who want to 
continue their farming profession (68.8%) are primary school graduates. 
Moreover, 71% of young people who are interested in the farming profession 
wanted to continue farming, while this rate is 33 % for both students and 
employees. It is clear to see that 56.67 % are primary school graduate in the 
study area. While the university graduate in enterprises is 1.7%, it is a positive 
result that 3.33% of the youth who have been supported is a university 
graduate. It should be provided that young people can be directed to 
agriculture and that farming reaches the value it deserves in society. As 
Siegner (2019) stated in the study, studies should be conducted so as to 
strengthen young farmers who want to make agriculture and who are 
actively engaged in agriculture together with "Young Farmer Leadership 
Programs" and to increase their determination to stay in agriculture. On the 
basis of this purpose, agriculture lessons should be given in the formal 
education curriculum so as to raise the awareness of agriculture and to 
explain the importance of sustaining or starting agricultural production for 
young people in terms of sustainability. 

3.3. The land use status of enterprises and the products  

Land, as production factor, is low in the enterprises which have been 
analyzed. Ownership and utilization status of the enterprises have been 
examined and the average of the enterprises is nearly 58.85 decares. There is 
no common land. The average rental rate is 0.6 decares. 98.99% of the 
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enterprises are property and 1.01% are rental. When the product groups in 
the enterprises have been examined, the details on products are given in 
Table 7. Considering the enterprise, wheat is the most grown (17) and barley 
(11.33) and sugar beet (7.33) are cultivated respectively. 

Table 7. The field where the products have been grown in the enterprises (da) 
Products Field 

(da) 
Products Field 

(da) 
Products Field 

(da) 
Products Field 

(da) 
Wheat 17,00 Grape 1,90 Water 

melon 
0,33 Grain corn 0,03 

Barley 11,33 Chickpea 1,13 Sour 
cheery 

0,33 Dried 
beans 

0,03 

Sugar beet 7,33 Melon 1,00 Pear 0,23 Apple 0,03 
Corn for 
forage 

6,67 Tomatoes 0.99 Green 
beans 

0,18 Squash 0,02 

Poppy 6,30 Clover 0,63 Peach 0,08 Total 58.85 
Sour cheery  2,77 Strawberry 0,49 Potatoes 0,05   

According to the product groups in the enterprises, the cultivation sites 
are given in Table 8. 85.84% consist of field crops; 12.17% is fruit field and 
1.99% is vegetable field. 

Table 8. Cultivation sites in terms of enterprise average  

Product groups in the enterprise 
(da) 

Field 
crops 

Fruits Vegetables Total field  

Enterprise average (da) 50.52 7.16 1.17 58.85 
Rate (%) 85.84 12.17 1.99 100.00 

 
The total greenhouse area in the enterprises is 41.890 m2. The average 

land width of the enterprises is 58.85 decares and the average greenhouse 
area size is 1.4 decares (1.396 m2). Abak et al. have found that the average 
width of enterprises which have made greenhouse cultivation in Turkey is 
nearly 500 m2 in 2000. Oğuz and Arısoy (2002) have stated that the average 
width of enterprises is 394.65 m² in their study in Konya. According to this, 
it is seen that the average width of greenhouses in the enterprises has 
increased approximately 3 times in 2019 (1.4 decare). Although greenhouse 
cultivation sites constitute only 1.99% of the total area in enterprises, it equals 
to 50.73% of the total gross production value (GPV) (Table 9). Therefore, to 
direct small sized enterprises to greenhouse production is important in terms 
of increasing the income of enterprises. 
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Table 9. Value (TL) and rate (%) of product groups in GPV  
Product Group  GPV Rate (%) 
Greenhouse Products 82.092,8 50.73 
Other products (Field 
crops+fruits+vegetables) 

79.721,9 49.27 

Total 161.814,7 100.00 
 

 The greenhouse products are the group which has high value in GPV of 
herbal products in the enterprises. This result has shown that enterprises are 
small- sized; and it is an indication that greenhouse cultivation is more 
profitable than other production systems.  

3.4. Current status and structural features of greenhouses which have 
been supported 

40% of the producers, who started greenhouse production, have 
benefited from the supports in 2016 and 60% have benefited in 2017. 93% of 
the young farmers started greenhouse production together with these 
supports for the first time (Fig 4). 

 
Figure 4. Status of young farmers in terms of greenhouse production  
 

When the structure properties of greenhouses have been examined, 3% 
is made of wood, 60% is steel construction, 3% is mixed and 34% is iron. 
Considering the obtained data, the average width of greenhouses is 18.37 
meters, while the average length is 75.68 meters. Average width of door is 2 
meters, and length is 3 meters. The rate of producers using mechanization in 
greenhouses is 63%, and the rate of producers who do not use is 37%. While 
half of the enterprises prefer to grow single products (50%), 27% grow two 
products, 10% grow three products and 13% grow four products (Figure 5). 

93%

7% The young farmers started greenhouse
production together with these
supports for the first time
Experienced young farmers
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Figure 5. Number of products within one year in the enterprises 
 

The value of greenhouses in the total building capital is 27.30%. All of 
the enterprises are private greenhouses. 37% of the greenhouses are block 
greenhouses while 63% are in the form of a single greenhouse. 33% of block 
greenhouses are divisional and 67% are not. 17% of the producers use 
antirust, 30% use galvanized material and 53% paint with oil paint so as to 
protect the metal material used as the skeleton material in the greenhouses 
against rust, When the structure types of greenhouses have been examined, 
10% consists of a traditional steel system with mid-column, 23% with trussed 
steel joist system, 50% with spring-roofed pipe system, 17% with spring-roof 
profile system. Roofs of greenhouses are simple, gable and round. 94% of roof 
building greenhouses are spring roofs, 3% are trussed joist and 3% are frame 
types. Plastic has been used as a cover material for 12 months in 10% of 
greenhouses, for 18 months in 3%, for 24 months in 3%, and for 36 months in 
84%. 

While there is a ventilation mechanism in 50% of the greenhouses and 
half of them are opened manually. 87% of the producers stated that the 
existing ventilation is sufficient but, 13% stated that it is insufficient. In 
particular, roof ventilation in greenhouses is not at the desired level.
 Eltez and Eltez (2005) have determined that roof ventilation is 23%, side 
ventilation is 54%, roof + side ventilation is 15% and door ventilation is only 
8% in their study. As the greenhouse area enlarges, the area of the ventilation 
increases. The results are similar to the enterprises which have been 
examined. 

Natural ventilation is only applied in the enterprises in order to ensure 
air circulation in the greenhouse. Ventilation equipment such as fan and 
ventilator are not available in the enterprises. While the rate of enterprises 
which are engaged with shading in greenhouses is 67%, 33% of them do not. 
75% of the enterprises apply shading by using liming, 20% by shade powder 
and 5% by using both lime and shade powder. There is no automatic system 
to control the environmental conditions in none of the greenhouses and there 
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10%
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Grow single product

Grow two products

Grow three products

Grow four products

https://tureng.com/tr/turkce-ingilizce/trussed%20steel%20joist
https://tureng.com/tr/turkce-ingilizce/trussed%20steel%20joist
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is no heating. When the irrigation systems in greenhouses are examined, it is 
seen that 97% of them use dripping method and 3% use sprinkler irrigation 
systems. Some measures are taken by using double-layer nylon in 30% of the 
greenhouses while it is not used in 70% for the preservation of heat. 
Moreover, 22% of the preventive areas use heat curtains, and 78% use double 
covers.  

13% of the producers go to the market every day to market their product, 
30% of them market their products two or three times in a week, 27% of them 
market once a week and the remaining 30% of them market their product in 
the warehouse. Those who go to the market every day mainly grow greens 
like parsley, rocket and dill.  

It has been determined that 47% of greenhouses have not produced for 
2.5-3 months in December-February period, 43% of them have not produced 
between November-February period for 4 months and 10% of them have not 
produced between October-March period for 6 months. Producers who have 
experience in Konya generally do not produce in the greenhouse from the 
beginning of December until the 5th of February.  

60% of the greenhouses which have been established within the scope of 
support are insured and 40% are not insured. 25% of them did not take out 
policy for other reasons (they do not think there is a risk, unawareness of 
insurance, etc.) because 75% of those who do not take out policy think their 
insurance costs high.  

It is requested to ensure greenhouses which have been supported. 
However, this was not compulsory. The producer has to restore it with his 
own means in case of a problem in the greenhouses where insurance is not 
covered. It has been determined that the rate of those who have not taken 
agricultural insurance is 77% and the rate of those who have taken is 23%. 
Considering this result, the producer has chosen to take out policy because 
they think that they will have difficulties in restoring if any problem occurs 
since they have low income. It is thought that taking insurance the employees 
and greenhouses will make greenhouse more attractive, and it is also 
requested by greenhouse owners. 

The average of the young farmers project has costed 47.443,33 TL 
(7.230,45 $) (grant + equity) in the study. The grant of this amount is 30.000 
TL (4.572,06 $) per capita and the remaining portion is equity (1$= 6,5616 TL 
(Indicative Exchange Rates Announced at 15:30 on 08/31/2018 by the Central 
Bank of Turkey). 6% of the grant amount is cut at the bank, and the amount 
received by the producer is 28,200 TL. The amount of grants should be 
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increased much more so as to let the producers stay in the rural area should 
be increased, and the cut should not be made from the producer. Supports 
have a key role in the adoption and implementation of alternative forms of 
production, which contributes the objectives of agricultural extension. 

4. CONCLUSION 

 “Young Farmer Support Project” can be thought as a sample, which was 
implemented by the Ministry of Agriculture and Forestry for three years in 
2016, in order to implement the agricultural production for both its 
importance and sustainability considering the new projects. It is aimed to 
keep young people living in rural areas, to prevent their migration to cities, 
to recover their income and quality of life, to make farming a respected 
profession and to contribute to solve the infrastructure problems of rural 
areas in this area. 
Income is low because of the structural problems in agricultural enterprises. 
It is necessary to support the agricultural sector which has strategic 
importance. Agricultural policies are applicable and the demographic 
structure of the rural area is taken into account so as to make the agricultural 
policies effective. It has been determined that the desire and rate of benefiting 
from support increase when the size of the enterprises, education level and 
family income increase. In Turkey, special projects and supports are needed 
to encourage young people to the agriculture, to make the farming a 
profession and to increase the education level of the managers. Employment 
in production should be ensured by supporting young people who are 
innovative by considering the level of education in the rural area. 

Courses should be provided for the producers, who will benefit from the 
incentives and supports, and participation to these courses should be 
ensured. It is thought that investments and supports will contribute to 
employment and production on behalf of the young people who have 
received certificates. Increasing the farmer training activities for promotion 
related to the supports is an important issue by providing the specialization 
of the producers about the greenhouse production, conducting study visits 
to the successful greenhouses, ensuring the continuity in the supports. The 
success in the project will contribute significantly to rural development and 
continuity of young people in agricultural production 

When the enterprises are examined in terms of structure and size it is 
clear to see that greenhouses are generally small family enterprises. The small 
sized enterprises limit the use of technology. Supporting producers during 
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the greenhouse installation phase will contribute to the production. The 
average width of land which has belonged to the enterprises is 58.85 decares. 
The total greenhouse area of the enterprises is 41.890 m2, the average of 
operation is 1.4 decares (1.396 square meters). Although greenhouse area 
constitutes only 1.99% in enterprises, it corresponds to 50.73% of the total 
gross production value. That’s why, directing small sized enterprises to 
greenhouse production is essential in terms of increasing the income of the 
enterprises. The obtained high income from the unit area can be seen as an 
important reason for the rapid increase in greenhouse production outside of 
the Mediterranean region in both Konya and Turkey. According to the 
obtained data from the interview, producers have stated that they want to 
increase the existing greenhouse area if they have the opportunity, and they 
want the government to encourage and specifically support producers. 

Some issues such as keeping youth in rural areas, providing 
development in their area, giving opportunities to the ease of access, giving 
importance to the education, health and other infrastructure issues, should 
be taken into consideration in development programs. When today's 
conditions are examined, most young people in the rural areas do not 
consider farming as a profession, and want to work in a non-agricultural 
sector by engaging in farming as an additional task. They have stated that 
working in a sector other than farming has increased their current status. 
Some social problems need to be solved in order to make working in the rural 
area attractive. It is not allowed that young boys staying in the village cannot 
marry. Migration to cities should be prevented by developing alternative 
sources for agricultural production in rural areas. 

Although it is seen that Young Farmer Project Support contributes to 
young people who want to produce agricultural products, provide vitality to 
rural areas and increase production, it is not sufficient in terms of economy. 
Greenhouses have costed 47.443,33 TL (7.230,45 $) in the enterprise and 30.000 
TL (4.572,06 $) of this amount has been provided from the supports as a grant. 
Social security and insurance services should be included in the scope of support 
and these should be given to the producers who are willing an diligent for the 
production and greenhouse cultivation to be sustainable. Moreover, the 
efficiency of the project should be monitored and evaluated periodically.  
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INTRODUCTION  
Ovine breeding is a branch of activity that converts weak grass pastures, 

fallow areas, stubble, and non-vegetative areas into products such as meat, 
milk, wool, hair and skin. In other words, ovine breeding has the capacity to 
convert low quality feeds into products with a high feed value (Lombardi 
2005). Animal husbandry is the main source of income for the rural 
population (Offor et al. 2008). It also helps balance human nutrition as well 
as people's socio-cultural structures. Although a cattle breeding is rather 
essential in agricultural production, sheep breeding, on the other hand, offers 
an alternative opportunity for the rural population (Panin 2000). The ovine 
livestock is an important sector for farmers in terms of providing cash flow, 
reducing the risk of climate changes and making the most of the available 
resources. Therefore, mountainous and arid areas are evaluated by using 
traditional grazing methods in ovine breeding. (Mena et al. 
2005; Papachristoforou and Markou 2006; Degen 2007).  

According to FAO (Food and Agriculture Organization) data in 2017, 
there are a total of 2,237 million sheep and goats in the world. While sheep 
constitute 53.76% of this figure, goats take up 46.24%. Countries that stand 
out in the presence of small ruminants are China, India, Nigeria, Pakistan, 
and Australia, respectively. With total assets of sheep and goats owned, 
Turkey ranks 12th in the world (FAO 2019). There are 46.117 pieces of small 
ruminants present in Turkey, 76.32% of which are sheep and 23.68% goats. 
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With its natural and economic conditions, agricultural structures, traditions, 
Turkey shines out as a country to be widely convenient for sheep and goat 
breeding. (Kaymakçı and Engindeniz 2010). Small ruminant breeding is a 
branch of activity that converts weak meadow pastures and fallow fields into 
crops such as meat, milk wool, hair, mohair, and skin by making good use of 
areas that are not convenient for stubble and vegetative production. Factors 
such as meadows and grasslands’ being more convenient for sheep and 
goats, and rural factors such as the consumption habits of families in the 
areas, and finally natural resources have made Turkey a favourable place for 
small ruminant breeding (Kaymakçı and Sönmez 1996). The number of sheep 
and goats in Turkey has increased by 29.8% in the last five years. The 
provinces with the highest number of sheep and goats are; Van, Konya and 
Şanlıurfa. There are a total of 2,252 sheep and goats in the province of Konya, 
which constitutes our research field. 88.84 % of this number is sheep while 
11.16% are goats.  

With the definition of sheep breeding as an alternative source of 
livelihood, investments in ovine breeding, besides vegetative production, 
have increased recently. For this very reason, in the study, production costs 
were calculated by making social and economic activity analysis of 
enterprises that breed small ruminants within the scope of the Sheep & Goat 
Breeding Project in the Public Hand of Konya Province. 

LITERATURE REVIEW  

Livestock farming has the opportunity to create benefit in agricultural 
production. Especially sheep and goats come into prominence in terms of 
adapting to insufficient pasture areas and unfavorable climatic conditions. 
Ovine breeding practices and grazing have a major impact on vegetation. 
Pasturelands used for grazing were determined to be 20% more productive 
than pasture lands that were not used for grazing (Louhaich et al. 2009). 
There have been many studies on various aspects of ovine breeding, which 
have a lot of influence both in rural areas and environmentally. When looking 
at the literature, there seems many studies on the importance of nutrition in 
ovine breeding (Papanastasis et al. 2008). Efficiency of feeds (Fedele et al. 
2005, Galina et al. 2007, Morand-Fehr et al. 2007), reproduction parameters 
(Zarazaga et al. 2005) and on economic analysis (Srour 2006; Benoit and 
Laignel 2006; Ruiz et. al. 2008; Dellal et al. 2002; Hosri and Nehme 2006; 
Tzouramani et. al. 2011; Ragkos et. al. 2014; Al-Khaza'leh, 2015; Mitrovic, 
Knezevic et al. 2015). Particularly economic analyses stand out in terms of the 
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sustainability of ovine breeding (Thomson & Nardone 1999; Alassaf et al. 
2012; Hadjieorgiou and Zervas, 2009; Al-Khalidi, 2013). In the study, by using 
certain literature about dairy farming, the value of animal and vegetable 
production, varying costs, fixed costs, gross production value, gross profit, 
agricultural income, and unit milk cost were calculated (Oğuz and Yener 
2017; Yener 2017; Oğuz and Yener 2018; Örs and Oğuz 2019).  

MATERIAL AND METHODS  

The main material of the study was comprised of data collected through 
a survey conducted on enterprises engaged in sheep and goat farming under 
the scope of the Sheep & Goat Breeding Project in the Public Hand of Konya 
Province, which was selected as the research area. In addition, previous 
studies and researches related to the issue and conducted by a number of 
institutions and foundations were availed of. The data was collected by 
applying the survey method to the previously mentioned enterprises during 
July-September 2017 period. Data of the study covered the 2016 production 
season and the researchers conducted the questionnaires in person. In this 
study, the currency rate was taken as $1=2.95 Turkish Lira (August-2016). In 
order to increase the accuracy of findings collected from enterprises and to 
ensure that different parts of the population can be represented adequately 
in the study, the stratified sampling method, one of the simple random 
sampling methods, was used (Yamane 1967; Güneş et al. 1985). The number 
of enterprises, who are members of Konya Sheep and Goat Breeders’ 
Associations and are registered in the Sheep and Goat Breeding Project in the 
Public Hand and received support from the project, was 178, and these 
enterprises make up the main population of the research. The number of 
sheep and goats owned by the enterprises of this population was 43,398. The 
survey method was applied to the enterprises that were accessible on a 
voluntary basis. Therefore, 40 enterprises engaged in sheep farming 
constituted the sample size. Distribution of sample enterprises according to 
the number of their animals is presented in Table 1. 

 

Table 1: Distribution of Sample Size (n) According to the Strata (number) 
Farm Size Group (Head) Sample Size (n) 

1-800 14 
801-1250 13 

1251-+ 13 
Total 40 
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Concerning the analysis of economic activity outcomes of the 
enterprises, based on data collected from the enterprises via survey method, 
calculations on enterprises and width group of the enterprises in terms of the 
number of animals in each enterprise were conducted by calculating the 
arithmetic mean. Economic activity outcomes of the enterprises were 
assessed and interpreted based on these average values. For the enterprises 
assessed in the research, analyses were conducted considering land size, land 
ownership and form of utilization, sowing of plant according to the groups 
of the enterprises, population and business status of the studied enterprises, 
their gross production values, variable expenses, gross profit, prime cost of 
milk, special variable costs for a unit milk. Certain characteristics of the 
existing population in the enterprises, such as age, gender, educational status 
and labour potential, were assessed separately. Variable expenses were 
examined in two ways: expenses in animal production and expenses in 
vegetative production. Determining the variable expenses in plant 
production, costs of seed, fertilizer, agricultural pesticides, water, equipment, 
machinery, temporary labour and works done with money were calculated. 
In animal husbandry, variable expenses were calculated by regarding 
concentrate feed, rough, fodder, variable costs of tool-machinery, veterinary 
costs, marketing costs, electricity, water, and similar other costs. In addition, 
stock assets of the enterprises were converted to the Livestock Unit (LU), and 
one part of the evaluation was carried out according to this LU. LU is a 
measure of livestock and it is usually defined as equivalent to one adult dairy 
cow. In this paper, one sheep was considered as 0.10 LU (Erkuş et al. 1995; 
Toro-Mujica et al. 2011). Productive Stock Value (PSV) = (year-end stock 
value + value of the sold stock +value of the stock slaughtered) - (value of the 
stock at the beginning of year + value of the stock bought). For the enterprises, 
the GPV was calculated by multiplying the amount of vegetative and animal 
products obtained through agricultural activity with the price of products 
taken by the farmers, and by adding the income of the side products obtained 
from production branches to this value. The Gross Profit was calculated by 
subtracting the variable expenses from the sum of GPV of plants and animals. 
Relative sales value method was used to calculate milk production cost. The 
sum of costs incurred in the activity branches is distributed to each 
compound product according to their contribution to the gross production 
value; then, unit costs were calculated by dividing the cost of each product 
by the production quantity of the obtained products (Kıral et al. 1999). 
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RESULTS AND DISCUSSION  
The gross production values of the sampled enterprises were obtained 

by adding the productive asset value increases in vegetative and livestock 
production To the value of the goods produced in the enterprise by the 
farmyard prices (Erkuş 1979; Oğuz and Bayramoğlu 2015). 

The animal production values of the examined enterprises are given in 
table 2. The average animal production value was specified as 106,938.68 $ in 
sheep farming. 85.07 % of this value was obtained from Productive Stock 
Value (PSV), 10.68% from milk gross production value, 3.86% from farm 
fertilizer, 0.34% from wool value and 0.04% from animal skin sales.  

 

Table 2: Animal production values ($) and rates (%). 

Farm 
Size 
Group 
(Head) 

Milk 
Production 

Value 
PSV Wool, Hair Skin 

Farm Manure 
Value 

Total Per LAU 

$ % $ % $ % $ % $ % $ $/LAU 

1-800 8,352.78 14.37 48,453.75 83.38 196.20 0.34 15.83 0.03 1,095.74 1.89 58,114.31 1,175.50 

801-1250 13,445.24 10.08 114,530.64 85.87 337.00 0.25 19.74 0.01 5,047.77 3.78 133,380.39 1,625.34 

1251-+ 12,711.86 9.55 113,212.91 85.07 573.86 0.43 100.78 0.08 6,477.64 4.87 133,077.06 1,139.15 

Ave. of 
the 
Enter-
prises 

11,424.54 10.68 90,975.47 85.07 364.70 0.34 44.71 0.04 4,129.27 3.86 106,938.68 1,309.81 

 

As indicated in Table 3, 48.41% of gross production value in sheep breeding 
enterprises consists of animal production value and 51.59% is vegetative 
production value. In a similar study, 56.70% of gross production value was 
of animal production and 43.30% was vegetative production (Dellal et. al. 
2008). 

 

In Konya province, the total meadow and pasture area is 7.6 million 
decares, which constitute 40% of the total agricultural area. The only way to 
make good use of these areas is to breed sheep and goats (Yıldırım et. al. 

Table 3: Gross production value (GPV) ($) and rates (%) in the animal included in the study 
Farm Size Group 
(Head) 

Plant Production Value Animal Production Value Total GPV Per Decares 
$ % $ % $ $/decar 

 

1-800 79,224.42 57.69 58,114.31 42.31 137,338.73 280.49 
801-1250 91,697.39 40.74 133,380.39 59.26 225,077.78 564.59 
1251-+ 173,611.01 56.61 133,077.06 43.39 306,688.08 359.59 
Ave. of the 
Enterprises 113,953.78 51.59 106,938.68 48.41 220,892.46 398.53 
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2018). Actually, as can be understood from the study, the vegetable 
production value is low in the gross production value of the enterprises. 
Varying costs in animal production per farm in sheep-breeding enterprises 
were calculated as $ 37,693.86. In both sheep and goat farms, feed costs take 
the lead among the varying costs in animal production (table 4). 

Table 4: Animal Production Variable costs ($) and rates (%) of animal production 

 
 

Farm Size Groups (Heads) 

1-800 801-1250 1251-+ 
Ave. of the 
Enterprises 

Roughage($) 
$ 6,520.58 11,610.17 16,013.04 11,259.75 
% 23.87 25.36 28.34 29.87 

Concentrate Feed ($) 
$ 12,735.47 21,438.85 26,735.85 20,114.19 
% 46.61 46.83 47.32 53.36 

Tool-machine Varying 
Costs ($) 

$ - 521.51 352.02 283.90 
% - 1.14 0.62 0.75 

Veterinarian Costs ($) 
$ 1,295.40 2,425.03 3,279.01 2,307.20 
% 4.74 5.30 5.80 6.12 

Temporary Employment 
($) 

$ 1,915.25 4,106.91 1,277.71 2,420.34 
% 7.01 8.97 2.26 6.42 

Marketing Costs ($) 
$ 115.01 492.83 99.09 232.63 
% 0.42 1.08 0.18 0.62 

Other (Electric. Water etc.) 
Costs ($) 

$ 949.15 1,569.75 718.38 1,075.85 
% 3.47 3.43 1.27 2.85 

Other Varying Costs ($) 
$ 23,530.87 42,165.06 48,475.10 37,693.86 

$/L
AU 

496.77 513.81 414.95 475.72 
Per LAU 

Varying costs in animal production per livestock unit (LAU) in sheep farming 
enterprises is $ 475.72.  

Table 5: Total of the variables costs ($) and rates (%) 

Farm Size 
Group 
(Head) 

Variable Cost in 
Animal 

Production 

Variable Cost in 
Plant Production 

Total 
Variable 

Cost 
Per LAU Per Decares 

$ % $ % $ $/LAU $/decar 
1-800 23,530.87 39.10 36,648.55 60.90 60,179.42 1270.47 122.91 
801-1250 42,165.06 53.57 36,544.59 46.43 78,709.65 959.14 197.44 
1251-+ 48,475.10 42.67 65,139.31 57.33 113,614.41 972.55 133.21 
Ave. of 
Enterp. 

37,693.86 45.11 45,874.26 54.89 83,568.12 1072.46 150.48 
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Varying costs per animal in sheep farming businesses in the United States was 
calculated as $ 124.44 (Williams and Anderson 2016). In another study, the largest 
share among the varying costs was found to be the feed cost with 59.50% (Tamer and 
Sarıözkan 2017). As indicated in Table 5, the total annual varying costs per 
enterprise in the sheep farming enterprises were calculated as $ 83,568.12. 45.11% 
of this value consists of varying costs for animal production and 54.89% of the costs 
are varying costs for vegetative production.  

Table 6: Fixed cost ($) and relevant rates (%) 

Farm Size 
Group 
(Head) 

Depreciation Costs 

Building 
Repair-

Maintenance 
Costs 

Permanent Labor Family Labor Reserve Total Per LAU Per Decares 

$ % $ % $ % $ % $ $ $/decar 

1-800 29,187.59 50.45 874.09 1.51 11,012.11 19.03 16,779.66 29 57,853.45 1,221.37 118.15 

801-1250 39,144.30 54.89 1,318.12 1.85 11,139.50 15.62 19,713.17 27.64 71,315.10 869.03 178.89 

1251-+ 48,673.12 55.38 812.26 0.92 14,988.27 17.05 23,409.39 26.64 87,883.02 752.28 103.04 

A
ve

. o
f t

he
 

En
te

r-
pr

is
es

 

38,756.32 53.84 998.31 1.39 12,345.76 17.15 19,887.71 27.63 71,988.10 954.4 132.98 

 

As indicated in Table 6, the total annual fixed costs were determined as 
$ 71,988.10 per enterprise in sheep farming enterprises. 

Annual sheep cost per farm was calculated as 155,556.25 $ in sheep 
farming. 53.72% of this value consists of varying costs while 46.28% are fixed 
costs (Table 7). 

 

Table 7: Total production costs ($) and relevant rates (%) in the research area 
Farm Size 
Group 
(Head) 

Total Variable Cost Total Fixed 
Cost 

Total Production 
Cost 

Per 
LAU 

Per 
Decares 

$         %  $ % $ $ $/decar 

 

1-800 

801-1250 

1251-+ 
  

 

 

 60,179.42 50.99 57,853.45 49.01 118,032.87 2,491.83 241.06 
 78,709.75 52.46 71,315.10 47.54 150,024.85 1,828.17 376.33 
 113,614.41 56.39 87,883.02 43.61 201,497.43 1,724.83 236.25 
 83,568.15 53.72 71,988.10 46.28 155,556.25 2,026.87 283.46 
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Table 8: Gross profit ($) and relevant rates (%). 
Farm Size 
Group 
(Head) 

Total GPV Total Variable Cost Gross Profit Per Decares Per LAU 

$ % $ % $ % $/decar $/LAU 

 

1-800 137,338.73 100 60,179.42 43.82 77,159.31 56.18 157.58 1,577.36 

801-1250 225,077.78 100 78,709.75 34.97 146,368.03 65.03 367.16 1,783.60 

1251-+ 306,688.08 100 113,614.41 37.05 193,073.67 62.95 226.38 1,652.72 

Ave. of the 
Enterprises 

220,892.46 100 83,568.15 37.83 137,324.31 62.17 248.05 1,668.88 

 

Gross profit is a criterion used in resolving the competitiveness of 
production operations in terms of the use of scarcely available means of 
production. That is to say, it shows the success of the enterprise (Riebe, 1968; 
Açıl 1980; Oğuz and Bayramoğlu 2005). In the studied enterprises, gross 
profit per enterprise was calculated as $ 137,324.31 in sheep breeding 
enterprises. Agricultural income exhibits the degree of success of the 
entrepreneur in enterprises (Erkuş 1979). The agricultural income value of the 
enterprises is given in Table 9. 

Table 9: Agricultural Income ($) 
Farm Size 
Group 
(Head) 

Pure Revenue 
Debt Interests 

and Rent Value 
Equity Rent 

Family Labor 
Cost 

Agricultura
l Income 

$ $ $ $ $ 

1-800 23,320.39 4,014.53 19,305.86 16,779.66 36,085.52 

801-1250 79,811.73 4,758.80 75,052.93 19,713.17 94,766.10 

1251-+ 111,563.53 6,372.88 105,190.65 23,409.39 128,600.03 
Ave. of the 
Enterprises 

70,359.09 5,022.88 65,336.21 19,887.71 85,223.93 

 

Agricultural income per farm in the enterprises was determined as $ 
85,223.93 in sheep farming enterprises. 

Table 10: Milk production costs ($) and rates (%). 

Farm Size 
Group (Head) 

Total Variable Cost Total Fixed Cost Total Milk Production Cost 

$ % $ % $ 

 

1-800 19,336.16 28.96 47,429.24 71.04 66,765.40 

801-1250 39,214.41 35.26 71,999.00 64.74 111,213.40 

1251-+ 50,694.92 35.29 92,965.55 64.71 143,660.47 
Ave. of the 
Enterprises 

31,188.70 33.04 63,208.54 66.96 94,397.24 
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The average milk production cost in the research area was calculated as 
94,397.24 $ in sheep farming. 33.04% of this value consists of varying costs, 66.96% 
of the costs are fixed.  

Table 11: Small ruminant breeding gross production value ($) and rates (%). 

Farm Size 
Group 
(Head) 

Milk 
Production 

Value 
PSV Wool, Hair Skin 

Farm Manure 
Value 

Total Per LAU 

$ % $ % $ % $ % $ % $ $/LAU 

1-800 13,789.27 24.68 40,993.79 73.37 224.97 0.40 17.46 0.03 850.43 1.52 55,875.91 799.92 

801-1250 43,697.03 36.31 74,641.24 62.02 722.54 0.60 16.19 0.01 1,270.85 1.06 120,347.86 1,106.39 

1251-+ 82,627.12 36.91 135,567.80 60.56 2,025.42 0.90 554.41 0.25 3,074.76 1.37 223,849.50 1,503.61 

Ave. of 
Enter. 

35,231.50 33.44 67,971.94 64.51 690.90 0.66 106.53 0.10 1,361.29 1.29 105,362.16 1,019.36 

The average gross production value in the research area was calculated as 
105,362.16 $ in sheep farming enterprises. 64.51% of this value was obtained from 
PSV (Productive Stock Value), 33.44% from milk production value, 1.29% from farm 
fertilizer value, 0.66% from wool value and 0.10% from skin sales.  

Table 12: Distribution of the production costs according to products obtained ($) 
and rates (%) 

Farm Size 
Group 
(Hea) 

Milk Production 
Cost 

PSV 
Wool, 
Hair 

Skin 
Farm Manure 

Value 
Total Per LAU 

 $ % $ % $ % $ % $ % $ $/LAU 

 

1-800 16,476.61 24.68 48,982.94 73.37 268.82 0.40 20.86 0.03 4,386,703.43 1.52 66,765.40 955.82 

801-1250 40,380.41 36.31 68,975.94 62.02 667.70 0.60 14.96 0.01 1,174.39 1.06 111,213.40 1,022.42 

1251-+ 53,027.82 36.91 87,003.69 60.56 1,299.86 0.90 355.8 0.25 1,973.29 1.37 143,660.47 964.97 

Ave. of 
Enter. 

30,536.41 33.44 61,984.07 64.51 573.62 0.66 74.72 0.10 2,194,072.06 1.29 94,397.24 979.54 

 

In the research area, the milk production cost was calculated as an average of 
94.937.24 $ per enterprise in sheep breeding enterprises. 

Table 13: Unit milk cost ($/kg). 
Farm Size 
Groups 
(Head) 

Milk 
Production 

Costs ($) 

Amount of Milk 
Production (Kg) 

Unit Milk Cost 
($/Kg) 

Milk Sale Price 
($/kg) 

1-800 16,476.61 14,665.00 1.12 1.24 
801-1250 40,380.41 34,687.50 1.16 1.36 

1250-+ 53,027.82 44,625.00 1.19 1.86 
Ave. of the 
Enterprises 

30,536.41 26,332.50 1.15 1.38 
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In the research area, the average unit milk cost was calculated as $ 
1.15/kg in sheep farms. In a similar study, the cost of milk in sheep farms was 
calculated as $ 0.4/kg respectively, and in traditional sheep farms, it was 
calculated as $ 0.5/kg (Hosri and Nehme 2006). The average milk sales-price 
in sheep breeding enterprises is $ 1.38/kg. 

Table 14. Small ruminant gross profit ($) 
Farm Size 
Group (Head) 

Small Ruminant 
GPV ($) 

Small Ruminant Total 
Variable Cost ($) 

Small Ruminant Gross 
Profit ($) 

 

1-800 55,875.91 19,336.16 36,539.75 

801-1250 120,347.86 39,214.41 81,133.45 

1250-+ 223,849.50 50,694.92 173,154.59 
Ave. of the 
Enterprises 

105,362.16 31,188.70 74,173.46 

On average, gross profit in sheep farming is 74,173.46 $ per enterprises. 

CONCLUSIONS AND RECOMMENDATIONS  

In the research area, sheep and goat breeding is generally performed for 
fatling. PSV was, indeed, high in enterprises (85.07% in sheep farming 
enterprises). In addition, in sheep farming, there is no milking because the 
labour force is not available and it is rather expensive. The family workforce, 
however, is sufficient in enterprises, and the labour force is required only 
periodically during milking periods. Switching to the automatic milking 
method as the milking method in enterprises is critical for the evaluation of 
milk in enterprises.  

In the enterprises, both vegetable and animal breeding are carried out. 
Inclusion of both production activities will protect the business against 
possible risks. Sheep breeding is rather common in the research area. Indeed, 
40% of Konya agricultural lands constitute meadow and pasture lands; which 
supports this result. The largest share in the research field is the feed costs for 
enterprises that breed both sheep (83.23%). Production of concentrate and 
roughage feeds inside the enterprise will make an outstanding contribution 
to the solution of the feeding problem in the livestock activities of the 
enterprises. Moreover, in the research field, especially in sheep breeding 
enterprises, there are problems in terms of labour force, insufficient feeding 
in meadow pasture areas, and low roughage production in animal nutrition 
and ration preparation. The significance of sufficient and balanced nutrition, 
the use of concentrate feed and the benefits of supplementary feeding, 
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especially during vaccination, pregnancy and lactation, should be taught to 
farmers through training. The adoption of these practices by farmers is quite 
crucial for the profitability and sustainability of enterprises. 
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1. INTRODUCTION 

General Directorate of Forestry (GDoF) Institution has been managed 
with different organizational models since 1970s. With type this 
organizational structure in 2011, it serves to be a head of Department of Forest 
Village Relations (DoFVR) depending to the General Directorate of Forestry. 
Shortly after its foundation, it planned its works by creating “District 
Development Plans” all over the country. With these plans; the projects to be 
implemented for the development of forest villages have been identified. 
Despite these positive aspects of DoFVR's District Development Plans, it has 
not been determined which criteria and indicators used for economic and 
social content personal and cooperative loan investments. 

Investments made; unfortunately, information other than its quantities 
and recycling rates at today's prices has not been produced. Monitoring and 
evaluation mechanisms have not been established. Since its investment 
criteria and indicators and monitoring and evaluation mechanisms could not 
be established, its studies were criticized. Governments directed investments 
according to their political expectations. Continuity of investments, economic 
contributions, employment and development effects created in the region etc. 
data are not available. 

Today, studies such as rehabilitation, grazing etc., which are emphasized 
as forestry studies, have become the points of conflict with the daily use areas 
of the public. Eliminating or alleviating these conflicts can be achieved 

http://zonguldakobm.ogm.gov.tr/
http://zonguldakobm.ogm.gov.tr/
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through investments to be made by DoFVR. With the closure of the General 
Directorate of DoFVR, the leaving of DoFVR 's work and operations to the 
forestry management increased the workload of these units. The reason for 
the realization rates in DoFVR investments to remain at a level of 15% is 
directly related to the inability to transfer sufficient resources (Coşgun, 2016). 

The basic function of DoFVR; It is to reduce the pressure of the forest 
villagers on the forests by ensuring the regulation of forest-public relations. 
Various research and articles have been published on DoFVR studies until 
today. Determining the socio-economic conditions of the forest villagers is 
one of the first studies (Sakman 1974, DPT 1970, DPT 1971). Employment 
opportunities of forest villagers in Forest Regional Directorates and living 
conditions of forest villagers in the sample areas are the first evaluated works 
(Anıl 1973, Duruöz 1975, Duruöz et all. 1976).  

Researches in which the forest villagers' families are considered as 
businesses and economic and social evaluations on these businesses reveal 
the differences of forest villagers with villages and villagers in other rural 
areas, i)Development of some development efforts in the process, 
ii)Researches based on field data, such as forest villagers and forest crime 
relations, is one of the approaches carried out to work more efficiently by 
DoFVR (İstanbullu 1978, Geray and Acun 1980, Acun 1983, Taraklı 1982, 
Akşit 1985, Çağlar 1986, Çağlar 1987, Gümüş 1993, Ayanoğlu and Güneş 
2003). 

The fact that the natural habitats are intertwined with the forest areas has 
caused a continuous conflict between the forest villagers and the units that 
carry out forestry works. Therefore, by revealing the socio-economic 
structure of the forest villagers, the approaches to what kind of development 
opportunities should be considered are important in terms of directing 
DoFVR practices. Thus, it will be possible to discuss forest society relations 
in the world and discuss new models (Özkurt 1998, Cosgun 2005, Tolunay 
1992, Tolunay 1998, Tolunay et all, 2007, Türker and Toksoy 1992, Türker 
1992). For forest villagers, after the projects carried out by DoFVR, the 
evaluation of the possible effects of the forest villagers is important in terms 
of completing the insufficient studies in these areas. In this context; 
Investigations for sustainable development of forest villagers, forest villagers' 
use of forests and their effects on forests, the effects of DoFVR projects on 
forest villagers' economic and social development, evaluation of DoFVR 
projects' contributions to forest villagers on the basis of regions, there have 
been important studies in terms of criticizing DoFVR project 
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implementations. In this direction, the effects of various projects on forest 
villagers according to the regions have been revealed (Coşgun et all 2009, 
Alkan and Demir 2013, Tolunay et all 2002, Tolunay and Korkmaz 2005; Uzun 
2008; Alkan 2009; Önal 2010; Önal and Bekiroğlu 2011, Ay ve Tolunay 2012, 
Coşgun et all 2007, Okutucu et all 2012, Korkmaz and Alkan 2014, Daşdemir 
and Yılmaz 2016, Daşdemir and Yıldıran 2017, Coşgun 2017). 

In the recent studies, DoFVR project supports; aims to determine the 
contribution levels to forest villagers on projects and local basis. On the other 
hand, the prevalence of wood use by the forest villager as a fuel means 
consuming carbon stocks in addition to its negative effects on forests. Studies 
on carbon calculations in Turkey gained speed at the beginning of the 21st 
century and carbon calculations in Turkey initiated primarily for tree 
species(Atmaca 2008, Çömez 2010, Çakıl 2008, Çömez 2011, Doğan 2010, 
Durkaya et all 2013/a, Durkaya et all 2013/b, Durkaya et all 2015). According 
to Tolunay 2019; “Countries that are party to the Kyoto Protocol regularly 
prepare their greenhouse gas national inventories each year and submit them 
to the United Nations Framework Convention on Climate Change 
(UNFCCC) secretariat. These reports are greenhouse gases in different 
sectors (energy, industrial processes and product use, agriculture, land use, 
land use change and forestry (LULUCF), wastes) contain emissions and 
binding amounts. The methods specified in the guidelines prepared by the 
Intergovernmental Panel on Climate Change (IPCC) are used in the 
preparation of the reports. Among these guides, those related to forestry; 
Land use, land use change and forestry (LULUCF) published in 2003, and 
agriculture, forestry and other land use (AFOLU) published in 2006. 
According to these guides; In calculating the amount of carbon bound by 
forests, carbon amounts stored in the vegetable mass or accumulated 
annually can be calculated by using various coefficients from the tree wealth 
or increment values in the forests. Similarly, the amount of fire, production, 
illegal cuts and the amount of carbon removed from the forest can also be 
estimated with the help of coefficients. In the study; according to the AFOLU 
guidelines, the BEF1 coefficients, which are the vegetative mass expansion 
factors (BEFs), were determined as 1,212 for coniferous and 1,310 for leafy. In 
addition to the study; The BEF2 coefficients, which can be used to convert 
usable wood volume to above-ground vegetative mass, have been updated 
and found to be 1,326 for leafy and 1,262 for coniferous. Made works; Turkey 
carbon stock accounts has been carried out for the more safe. It has been 
demonstrated for the first time that the annual amount of firewood of forest 
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villagers has effects on carbon stocks. With the firewood reduction projects 
implemented by DoFVR; with the help of the savings obtained, contributions 
of the forest villagers to the carbon stocks were determined for the first time. 

The Aim of the project: The aim of this project; conducted by the DoFVR 
Branch Directorate of Zonguldak Regional Directorate of Forestry (ZRDoF); 
i) obtaining hot water by heating water with Solar Energy (SES application), 
ii) Thermal Wall Insulation (TWI) and, iii) Solid Fuel Heating system (SFHS), 
firewood savings of projects is to determination of the economic 
contributions to the local forest villagers and forestry sector and their effects 
on the amount of carbon stocks.  

The Content of the Project: Project; to the forest villages in the region by 
the DoFVR Branch Office affiliated to ZRDoF; It covers the forest villagers in 
Bartın, Karabük and Zonguldak provinces the Thermal Wall Insulation 
(TWI), the Solid Fuel Heating system (SFHS) and SES (Solar Energy System) 
project support application was implemented. 

2. MATERIAL AND METHOD 

Written material of the study; the data related to the field research 
studies conducted on the subject and the data obtained from the DoFVR 
Department and the ZRDoF DoFVR Branch Directorate affiliated to the 
General Directorate of Forestry. For the original area data, ZRDoF DoFVR 
Branch Office's applications for DoFVR firewood reduction projects in the 
region are exemplified. In this context; 133 families benefited from TWI 
project and 129 families benefiting from this project were surveyed. SFHS 
project was applied to 24 forest villager families and 21 of them were applied 
face to face questionnaire. The water heating project with SES, which was 
implemented in 2010-2015, was also examined. In order to be comparable, 
150 questionnaires were applied face-to-face with families who benefited 
from SES implementation in the same village and / or nearby village (families 
benefiting in recent years if possible). In order to make the results obtained 
in the analyses and evaluations comparable, the average exchange rate for 
2019 was accepted as 1 USD = 5.6724 TL. ZRDoF's forest villages firewood 
stere value is determined as an average of 115.00 TL (Anonymous 2020 / a). 
Area data obtained; it is associated with the annual consumption of firewood 
of the forest villager and its economic dimensions. In addition, above-ground 
vegetative mass calculations were made by using coefficients called as Plant 
Mass Conversion and Expansion Factors (BCEF) (IPCC 2006, Karabıyık 2014, 
Tolunay, 2019). Under the light of work done; firewood values were 
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calculated by considering the BEF1 coefficients (Karabıyık, 2014, Tolunay 
2019).  

3.FINDINGS AND DISCUSSION 

3.1. Distribution of ZRDoF DoFVR Project Supports 

Between 2010 and 2015 years, forest villagers of Bartın province from 
23.63% of the SES project supported by DoFVR Branch Office of in Zonguldak 
Regional Directorate of Forestry were benefited. This rate was 10.54% in 
Karabük province and 65.83 %% in Zonguldak province (Coşgun 2018).  

In the same years, the forest villagers of Bartın province in ZRDoF were 
benefited with 7.52% rate from Thermal Wall Insulation project supported by 
DoFVR Branch Office . This rate was 37,59 % in Karabük province and 54,89 
%% in Zonguldak province (Coşgun 2018). 

DoFVR Branch Office, which is affiliated with ZRDoF, in 2012-2015; The 
project support for SFHS for forest villagers in the provinces that make up 
the region has been realized with 24 families in Dirgine (Zonguldak) district. 
Our observations in face to face survey application; It was in the direction 
that the houses owned by the families where the application was carried out 
did not have exterior plaster. For this reason, it turned out that saving 
firewood at the expected level could not be achieved. 

3.1. Savings provided by ZRDoF, DoFVR Project Supports 

Costs of the implemented projects show differences. Families benefiting 
from high-cost projects have also been found to have high average monthly 
income (Tablo 1). It is remarkable that the forest villagers who benefit from 
the projects implemented have an average monthly income of $ 335 -360 $. It 
is known that their income is generally lower. However, the retirement of the 
majority of families was a factor in high income. 

Annual average firewood consumption of families varied. The average 
annual amount of firewood for families benefiting from all three projects is 
15.36 stere (Table 1). In the forest villages of the Western Mediterranean 
region, the average wood consumption per household is 11.74 stere (Coşgun 
2018). The amount of 35.8 stere firewood determined for the Western Black 
Sea Region is below the annual average firewood consumed (Coşgun 2005). 
It is thought that the decrease in the population in the forest villages and the 
population per household in the last 20 years has also had effects. The annual 
average amount of firewood of forest villager families varies regionally and 
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locally. For this reason; Annual firewood amounts of forest villages at 
provinces and / or regions level should be determined by GDoF. 

Table 1: Evaluation of Projects for Reducing Firewood Consumption 

Savings 
Solid Fuel 

Heating 
system 

Thermal 
Wall 
Insulation  

Solar 
Energy 
System 
Projects 

Average monthly income of the 
family 

360,56 $ 362,63$ 335,31$ 

Average annual consumption of 
firewood in families (stere)  

16,38 11,53 18,16 

Average annual consumption of 
coal in families (ton)  

2,14 2,33 1,80 

Annual amount of firewood 
savings after project application 
(%)  

27,86 53,64 28,40 

Annual amount of firewood 
savings per household (1 ABD $ = 
5,6724 TL)  

525,40 711,85 593,40 

Annual amount of firewood 
savings per household (stere)  

4,56 6,19 5,16 

Cost/Benefit ratio for Project  1,41 1,44 1,72 
Real cost/benefit ratio after 
project application  0,92 1,28 1,82 

Considering the annual firewood savings; i) an average saving of 27.86% 
per household in the SFHS project, 4.56 stere equivalent of $ 92.45/stere, ii) an 
average of 53.64% per household in the TWI project, an average of 53.44% 
savings per household, 125.49 equivalent $/stere and, iii) With the 
implementation of the GES project, an average annual savings of 5.16 stere 
per household earned 104.61$/stere economic gain (1 stere wood = 115 TL and 
1 $ = 5.6724 TL calculated). The firewood savings expected from the stove 
project has not been achieved. The main reason for this is; in practice, it is the 
lack of insulation material on the outer surface of the houses of families 
benefiting from this project support. An assessment can be made for the 
region, taking into account the total number of projects implemented in 
ZRDoF. 
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Between 2012-2015; 24 families benefited from the Solid Fuel Heating 
system project, 133 families benefited from the TWI project. Between 2010 
and 2015, 2,590 families benefited from the SES project (Coşgun 2018). 
Savings calculated by multiplying the average annual firewood amounts per 
household with the average annual firewood price for forest villages; i) an 
average of $ 2,218.74 / year annually from the SFHS project, ii) an average of 
$ 16,690.65 / year annually with the TWI project and iii) With SES project, the 
annual average is $ 270,940 / year. With the implementation of projects aimed 
at reducing firewood in ZRDoF, a total of 289,849.39 $/year is saved. 

Annual average per household with firewood project applications; i) 
Savings of 109,44 stere in the SFHS project, ii) 823,27 stere in the TWI project 
and iii) 13,634,40 stere in SES project (Table 1). With the implementation of 
the projects, a total annual average of 14,297.11 stere/year firewood was 
saved. The amount of savings achieved by implementing projects to reduce 
fuel consumption is 6.7% of ZRDof's firewood production in 2019 
(Anonymous 2020/b). The amount of savings obtained through the 
implementation of the projects is close to the firewood production amount 
(15.262 stere/year) of Dirgine Forest Enterprise Directorate under ZRDoF.  

Number of families across the country who applied projects for the 
purpose of saving firewood; i) 578 families for SFHS project, ii) 4.841 families 
for the TWI project, and iii) 144,261 families for the SES project (Anonymous 
2020/c). With these data, an approach can be created for the country in 
general, taking into account the annual average amount of firewood savings 
of forest villages in the Zonguldak Region. In the projects implemented in 
this context; the annual amount of firewood saved across the country is i) 
2.635,68 stere/year for the SFHS project, ii)) 29.965,79 stere/year for the TWI 
project, iii) 744.386,76 stere/year for the SES project. Total average annual 
savings are 776.988,23 stere/year. This saving amount is approximately 14% 
(5.589.798 stere/year) of GDoF's 2019 fuel wood production. For GDoF 2019, 
annual unregistered firewood production (fuel wood without permission) is 
stated as 2.600.000 stere/year (Anonymous 2019). The amount of savings 
provided by project applications for firewood saving is approximately 30% 
of annual unregistered firewood production. Off the record; One stere of 
every three stere produced is recovered through the implementation of these 
projects.  

Considering the families benefiting from these projects throughout the 
country, the total amount of savings realized is 776.988,23 stere/year. Average 
sales price of OGM for firewood in 2019 is 97,50 TL/year. The economic value 
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of the savings made is $ 13.355.255,7 $/year. 
For the projects implemented by ORKÖY, only the Benefit-Cost ratio is 

taken into consideration. Therefore; considering the project benefit/cost ratio 
and the saving of firewood obtained after implementation, the benefit / cost 
ratio was recalculated. It was observed that there were differences between 
the rate calculated in the project and the situation after the implementation. 
After the application; a lower utility cost ratio of 35% in the Solid Fuel 
Heating system project and 23% in the TWI project was achieved. 

When examined from this point of view; SFHS project implementation 
was not found to be economical. According to the data obtained in the region; 
i) families with SFHS project (24 families) average annual firewood of 16,38 
stere per household, ii) families benefiting from the TWI project (133 families) 
average annual firewood of 11,53 stere per household, iii) benefiting from the 
SES project (2.590 families) families stated that they use an average of 18,55 
stere of firewood per household per year. According to these data; families 
benefiting from the projects total annual average firewood in the region is 
48.961,01 stere/year (=34.272,71 m3/year). As annual average firewood 
equivalent of the families whose project is implemented; they consume 17.817 
tons/year of carbon stock. With the implementation of the projects, a total 
annual average of 14.297,11 stere/year firewood was saved (Table 1).  

In return for the savings made, a contribution was made to the 5.213 
tons/year carbon stock. The average annual firewood consumption of the 
families benefiting from the projects implemented to reduce the consumption 
of firewood throughout the country by making use of the regional data is 
2.685.064,13 stere/year or 1.879.544,89 m3/year. In return, they cause 683.966 
tons/year of carbon consumption. The savings made are 776.988,23 stere/year 
or 543.891,76 m3/year. In return for the savings obtained; contribution to 
197.922 tons/year carbon stock. In Turkey, according to the results of these 
three firewood reduction projects implemented by ORKÖY, approximately 
30% of the carbon stocks of the country consumed by the forest villagers 
benefiting from the project are regained. 

4.CONCLUSION AND SUGGESTIONS 

DoFVR General Directorate has been managed with various 
management organizations since its establishment. Since its establishment, it 
has made the necessary planning. However, it lacked the financial support 
necessary for rural development work or for the implementation of projects 
aimed at reducing the pressure of the forest villager on the forest. Therefore, 
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only 15% of the projects planned to be implemented could be realized 
(Coşgun 2005). On the other hand, DoFVR unit has been assigned a great 
mission such as the development of the forest villagers, which constitute one 
of every three villagers in the country's countryside. However, this mission; 
It is an issue that should be seen as the main problem of the country. Despite 
this, DoFVR implemented projects for social and economic personal and 
cooperative loans in order to make a positive impact on the life of forest 
villages. With this study, the effects of the forest villagers on the country's 
carbon stocks were investigated with the help of the results of the projects for 
the solid fuel heating system, the Thermal wall insulation and SES projects, 
and firewood reduction projects, which are one of the personal loan 
applications carried out by DoFVR. The results and suggestions obtained are 
given below. 

When project planning and implementation results are compared; in the 
process of the solid fuel heating system project of DoFVR, it was observed 
that there was a saving of 4.56 ster, although a saving of 7 ster of firewood 
was envisaged. In the planning process, a saving amount of 35% lower than 
the estimated fuel wood saving rate was encountered. The fact that the 
houses owned by the project families do not have a suitable structure in terms 
of wall insulation may cause this lowness. 

In DoFVR 's the TWI project, firewood saving was evaluated as 8 stere. 
In practice, 6,19 stere of wood were saved, i.e. 23%, a lower saving was 
achieved. 

DoFVR’s SES project has achieved a level of savings equivalent to the 
firewood savings envisaged in the planning process. When different 
realizations are detected than planned, the reasons for this should be 
investigated and problems should be determined. In order for the projects 
implemented by DoFVR in recent years to become more widespread in the 
society; villager protective measures must be introduced to the tender 
specifications regarding the solution of problems between the responsible 
firm and the families, which is one of the problems arising during the 
implementation process. The fact that forest villages are far from central 
residential areas make it impossible to solve some problems caused by the 
application in a short time. This creates additional costs. Since the services 
are seen as very costly, companies are reluctant to solve the problems. This 
situation; it reduced the demand of the forest villagers who wanted to benefit 
from the project. Annual firewood saving amount is 27.86% with the solid 
fuel heating system support applied in forest villages within the scope of 
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ZRDoF. The most important factor in this rate being lower than expected; the 
villagers' houses have no exterior insulation system or even plaster. In 
practice, the structural conditions of the houses must be taken into 
consideration. 

Saving firewood by the TWI project is 53.63%. The highest savings are in 
this application. This application should be done by combining the solid fuel 
heating system application. New technologies should be used in the TWI 
project application. Roof and wall insulation made with boron-based 
compounds should be taken into consideration by the GDoF and DoFVR 
Department. 

 Regarding the external thermal insulation realized, the local 
architectural features should not be lost. A separate support approach should 
be developed for the houses that have local architectural characteristics and 
the insulation should definitely be applied from the interior. The firewood 
savings realized with the support of SES is 28.40%. DoFVR's SES support 
provided significant improvements in the daily quality of life of the forest 
villagers. 

In the study, the firewood saving provided by the Thermal Wall 
Insulation project saved 17% more than the SES project and 26% more than 
the solid fuel heating system project 26%. Benefit cost ratio (B/C) is included 
in the economic analysis of the projects. The benefit cost (B/C) ratio in the 
projects was determined as 1.41 in the solid fuel heating system project, 1.44 
in by the Thermal Wall Insulation project and 1.77 in the GES project, 
respectively.  

In obtaining these data; the costs of the expense items included in the 
project as "input" are not included in the expenses section. The cost of 
technical staff and assistant officers, vehicle costs, stationery costs, etc. When 
such expenses are included in the project, this rate will change. Other input 
elements should also be included. In the economic analysis of the project, 
only benefit cost ratio was used. Internal profitability ratio, which is one of 
the other basic economic evaluation elements, and Net Present Value (NPV) 
analyses are not used in projects with social content. These analyses should 
also be included in the "type project" documents created during the project 
planning phase. A realization below the planned level was encountered in 
the solid fuel heating system investment. Considering the cost-benefit ratio 
over the actual value, this rate appears to be 0.92. For this region, it is 
recommended not to apply the same projects content the solid fuel heating 
system investment application. Considering the saving of firewood realized 
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in the application of the Thermal Wall Insulation project; this rate is 1.3. 
Considering the realizations one or two years after the project 
implementation, the compatibility of the plans with the implementation 
should be monitored. DoFVR should urgently improve the monitoring 
systems for the projects after the implementation. This should be in the form 
of monitoring both economic and social contributions. 

In this study, the annual average amount and prices (prices) of firewood 
used by families benefiting from the consumption of firewood in the region 
and country were determined. The firewood savings achieved through the 
implementation of the projects constitute 6.7% of the annual firewood 
production of ZRDoF. This value is equivalent to the annual fuel production 
of a forest enterprise affiliated with ZRDoF. In order to associate with values 
across the country, when the data obtained in the region are used; Savings of 
14% of GDoF's annual firewood production and about 30% of annual 
unregistered firewood production are achieved.  

As a result of projects aimed at reducing firewood; a total of $ 289,849.39 
/ year is saved in ZRDoF and $ 13,355,255.7 / year across the country. In the 
use of wood as fuel, another dimension is its effects on carbon stocks. Project 
implementations to reduce fuel wood consumption are of great value in this 
respect. Families benefiting from project implementation in ZRDoF consume 
17,817 tons of carbon stock. In return for the savings made through the project 
implementation, a contribution was made to 5.213 tons of carbon stock. It has 
been determined that the families benefiting from the project implementation 
throughout the country caused 683.966 tons / year of carbon consumption by 
using wood as fuel. Whereas; contributed to 197.922 tons / year carbon stock 
with the firewood savings made. 
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INTRODUCTION 

Approximately %28.6 of Turkey’s surface area is covered by forest 
(Anonymous, 2015). 98% of the forest areas are managed by the General 
Directorate of Forestry (GDF) as State Forest. On the other hand, GDF is 
organized as 2,140 Forest Enterprises Chief (FIC) under the management of 
263 Forest Enterprises Directorates (FID) under the 28 Forest Regional 
Directorates (FRD) in the upstates. 

There is still no system of success criteria and evaluation based on 
defined scientific foundations used by Forestry Management Directorates. 
For this reason, the process of producing products and services; it changes 
frequently in line with the findings of senior decision makers. This situation 
causes the Forest Management Directorates in our developing country to not 
behave sensitive in the stages of introducing the products and services they 
produce (Juslin and Lintu, 1997). 

Whereas, through the long-term programs made considering the market 
demands, the establishment of an improved marketing system will enable the 
products and services produced to be brought to the economy more 
efficiently (Brooks 1997). In order to create a good marketing system, it is also 
necessary to establish a marketing system under the reality of our own 
objective conditions based on the examples of countries that are good at 
marketing in world forestry (Palo et al 2001, Duerr 1993, Nautiyal 1988, Kim 
1997). 

In addition to being a state institution that provides public service, an 
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economic enterprise that operates state forests and state forest enterprises 
affiliated to the general directorate of forestry (Kalıpsız, 1966) with a social 
dimension; in order to offer goods and services to the society in a sense of 
sustainability; they must give the necessary importance to the marketing 
function as well as other functions. State forest enterprises, which have been 
monopolized in the forest products market for years, have been influenced 
by the marketing approach towards production (whatever I produce, I sell it) 
and the general pricing policy of the state (Daşdemir 2003). 

In GDF management and marketing; it has adopted a production 
understanding that cannot adequately take into account the demands of 
society, economics, efficiency, profitability and cost minimization. Despite 
this, various studies have been carried out to evaluate the distribution of 
forest products by regions, product types and sales methods (Acun 1977, 
Acun 1980, İlter 1985, Ok 1997, Ok 1998, İlter and Ok 2007). 

Instead of increasing profit by decreasing costs in wood raw material 
production, a marketing approach with low production, high costs and high 
prices, which has a typical monopolistic policy, has prevailed. Despite the 
fact that wholesale price indices in Turkey increased 105,6 times between 
1970 and 1986, sales of primary forest products increased by an average of 
302,3 times (Çağlar 1989), is an indicator of high price policy. 

In Turkey; State forest enterprises have also been affected by the 
economic crises that have been affected intermittently since the 1990s and 
repeatedly since the 2000s. Forest enterprises could not obtain the desired 
income from wood raw material sales as a result of the decrease in demand 
due to the imperfect market and incorrect cost and price policies (Geray 1978) 
applied. Cash shortage with cost increases has threatened the economic 
sustainability of forest enterprises to a large extent (Daşdemir 2003). 

In general, the price of a good; a number of factors affect the supply and 
demand level and characteristics of the good, the level and price of substitute 
and complementary goods, the structure and characteristics of the markets, 
consumer income, tastes and preferences. In addition to these, intermediary 
institutions, competitors (competition), owners of production factors, 
governments and various interest groups also affect (Mucuk 1984). Therefore, 
the price is formed under the influence of many factors, both with and 
without control of the business management. The business manager's 
knowledge of the impact levels of these factors and taking the necessary 
measures accordingly are of great importance for the economic success of the 
processing. In Turkey, especially since 2005, a rapid change has been made 
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in the sales systems of forest products. In addition to the auction sales system, 
the standing tree sales method is rapidly gaining popularity. It is actually a 
well-known sales method (Miraboğlu 1983). The functioning of this system, 
which is also applied in some countries in Europe, has been tried to adapt 
regardless of whether it is suitable for the objective conditions of Turkey. 

The Aim of The Study; It is the determination of the factors affecting the 
price in the sale of the third-class normal size Black pine (Pinus nigra Arnold.) 
logs offered to the market with the auction market sale method of the 
Karabük Forest Enterprise Directorate. It is to contribute to the economy of 
the region and the country by developing new marketing policies and 
strategies and increasing the price of unit logs.  

Content of The Study; This work contains Black pine third class 
standard size timber auction market and standing tree market sales practices 
carried out by the Karabük Forestry Enterprise Directorate. It has not been 
assessed whether the sale by the standing tree method has effects on price 
formation. Since the standing tree sales practice was common in 2008 and 
beyond, the impact of standing tree sales method could not be evaluated in 
the studies. 

2. MATERIAL and METHOD 

In this study; Auction sales and standing tree sales of third class standard 
size Black pine (Çk) (Pinus nigra Arnold.) logs put on the market between 
2009-2017 by Karabük Forestry Directorate were examined. In order to carry 
out this investigation in a healthy way, information regarding the same sales 
of another forest management directorate neighboring this forest 
management directorate is needed. For this reason, Eskipazar Forest 
Enterprise Directorate, which is adjacent to Karabük Forest Enterprise 
Directorate but managed by a different Regional Directorate, was chosen. 

In the study, 120 sales (10 Standing Tree market sales) and a total of 2,969 
batch size/products included in these sales were examined by the Karabük 
Forest Enterprise Directorate. Some comparisons need to be made to evaluate 
these reviews. For this reason; It included 85 sales (29 sales Standing tree to 
the market) and a total of 1,348 batch size/ products included in the market 
by Eskipazar Forest Enterprise Directorate. Within the scope of both Forestry 
Directorates, a total of 4,317 batch size/products containing 205 sales (39 
Standing Tree market sales) were examined. 

Monthly log income data obtained from auction market sales of Forestry 
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Directorates; it is calculated by taking into consideration the TUİK Consumer 
Price Index (2003 = 100). (Anonymous 2017, Geray 1998). Thus, seasonal and 
year effects on price were examined. 

Based on the nine-year seasonal averages of 3rd grade normal size Black 
pine timber sales prices (SF) for both enterprises; 

a) Season Index (MI), MI = (SF / Seasonal SF for each season) X 100, 
b) Seasonal Effect (ME), ME = MI - 100 for each season 
values are calculated (Daşdemir, 2003). The same operations were 

carried out in obtaining annual effects. 
 Here too; a) 
YI = (SF / Annual averages /SF per year) X 100, b) 
YE = As YI-100 for each year; Annual Index (YI) and Annual Effect (YE) 

values are calculated (Daşdemir 2003). 
Reviews; 

i. Proportional distribution of the quantity of products placed on the 
market and demanded by months and years, 

ii. Distribution of the quantity of requested products (in units and 
volumes) by months and years, 

iii. Distribution of quantities of products (in units and volumes) that 
are offered to the market but do not find demand, that is, to be 
negotiated, by months and years, 

iv. The prices of the products demanded and purchased by the market 
are distributed by months and years; Testing with Single Entry 
Variance Analysis (ANOVA), sales prices (SF), Season Index (MI) 
and Season Effect (ME) values, Annual Index (YI) and Annual 
Effect (YE) values, 

v. The effects of other factors affecting sales are; Correlation Analysis, 
Relationship Between Variables Affecting Sales Regression 
Analysis and Factor Analysis, 

It was realized as. 
Correlation, Regression and Factor Analyzes were carried out with a 
total of 22 variables developed for both enterprises, which were 
considered to affect the price in the sale of Grade 3 normal Black pine 
timber offered to the market in the study (Table 1). 
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Table 1: Variables and Abbreviations Used in Factor Analysis 

Order.
No Metrics Used  Abbreviation  
1 Tender Type (A, D) IHALTURU 
2 Karabük tender date IHALTARIH 

3 
Number of logs offered for sale in 
Karabük (pieces) 

KRBSATTOMSAY 

4 
Karabük quantity of goods supplied for 
sale (m3) 

KRBSUNLTOMMIK 

5 
The quantity of goods sold in Karabük (It 
is requested) (m3) 

KRBSATTOMMIK 

6 

Average volume per log (4/3) in Karabük 
tender (quantity of goods put on sale / 
number of logs) 

KRBTOMORTHCM 

7 Karabük average estimated price (TL) KRBORTMUAMB 

8 
Average sales price realized in Karabük 
tender (TL / m3) 

KRBIHALSATFIYT 

9 
Average increase rate in sales in Karabük 
tender ((8-7) / 7) * 100 

KRBIHALORTARTOR
N 

10 
The amount of goods negotiable in 
Karabük (m3) 

KRBPAZLKKALMIK 

11 Number of Karabük batch KRBPARTSAY 

12 

The size of the batch in the tender in 
Karabük / number of batches offered for 
sale (4/11) 

KRBPARTBUYUKL 

13 

Sales realization rate in Karabuk 
(Karabuk quantity of goods sold 
requested (m3) / Karabuk quantity of 
goods offered for sale (m3)) 5/4 * 100 

KRBSATGERCKLOR
N 

14 

The time between two consecutive 
auctions (last tender-first tender) tenders 
in Karabük 

KRBIKIACKIHALSUR
E 

15 
Karabük, the time between two standing 
tree sales tenders (last tender-first tender) 

KRBIKIDKLIHALSUR
E 

16 
Karabük, the time period between two 
tenders (last tender-first tender) 

KRBIKIIHALACKDK
LSURE 
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3. FINDINGS AND DISCUSSION 

3.1. Supply Availability of Products Offered on the Market 
In the products offered as auctioned market sales at Karabük Forest 

Enterprise Directorates, the months with the lowest demand were January 
and March. Considering the demand status of the products put on the market 
by years; as of 2011, 2014 and 2017, it is seen that all of the products put on 
the market find demand and sales are realized. The highest amount of 
products negotiated in Karabük Forestry Directorate was realized in 2009 
(Coşgun 2018).  

consecutive auction and Standing tree 
sales in tender on the previous date 

17 

The cross time between each auction 
tender held in Karabük and the auction 
tender held in Eskipazar on the previous 
date. 

KRBESKPACKIHALO
NCCAPSURE 

18 

The cross time between each auction 
tender held in Karabük and the auction 
tender held in Eskipazar on the following 
date.  

KRBESKPACKIHALS
ONRCAPSURE 

19 

The cross time between each Standing 
tree sales tender held in Karabük and 
Standing tree sales tender held in 
Eskipazar on the previous date. 

KRBESKPDKLIHALO
NCCAPSURE 

20 

The cross time between each Standing 
tree Tender held in Karabük and the 
Standing tree Tender held in Eskipazar 
on the NEXT date. 

KRBESKPDKLIHALS
ONRCAPSURE 

21 

The cross time between each auction 
tender held in Karabük and the Standing 
tree sales tender held in Eskipazar on the 
previous date. 

KRBESKPACKDKLO
NCCAPSURE 

22 

The cross period between each auction 
tender held in Karabük and the Standing 
tree sales tender held in Eskipazar on the 
next date. 

KRBESKPACKDKLSO
NRCAPSURE 
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The batch of size of requested products by the Karabük Forestry 
Directorate as a result of the auction market sale was also examined, 
considering that it would be effective in price formation. As the number of 
products in the distribution of sales by months; the largest batch was 205 in 
March and the lowest batch size was 84 in February. In terms as volume, the 
largest batch occurred in March at 70,006 m3, and the lowest batch size was 
in November at 36,757 m3.  

As the number of products in the distribution of sales by years; the 
largest batch of size was 178 in 2009 and, the lowest batch of size was 71 in 
2014 year; similarly in the volume values; the largest batch of size was 72,604 
m3 in 2009 year and, in 2004 year the lowest batch of size was 30,754 m3. 

Products that do not find sufficient demand at the end of the sale are 
called “bargains/negotiable”. These products are offered to the market again 
with a certain “discount”. Therefore, there is an economic loss. In order to 
prevent economic loss, the distribution of sales by months and how the 
quantity, volume and / or quantity sizes of the products offered for sale are 
distributed should be taken into consideration. Since there is not enough 
demand, the biggest batch in the number of products that are negotiable; It is 
in February with 613 units and the lowest batch size in March with 157 units. 
The highest batch size in volume is 340,399 m3 in November and the lowest 
batch size is in March with 53,425 m3. Strategies that will make it easier to 
find buyers in the next sale are required for products that are offered for sale 
and cannot find sufficient demand. These changes are; works and processes 
such as a) changes in the number of products in batch size, b) changes in 
volume values in batch size, c) minor improvements in the quality of the 
products within the batch (provided that they do not contradict the standards 

In the number of products offered to the market but unable to find 
demand by year; The highest batch size was in 2010 with 1745 units, and the 
lowest batch size was in 2009 with 135 units. For volume amounts; the highest 
batch size in is 2010 with 777,998 m3, the lowest batch size in 2009 with 54,781 
m3. Batch sizes that are offered to the market and do not reach sufficient 
demand, with the highest quantity and volume; In 2010, both enterprises 
emerged similarly. It is seen that there is a significant marketing problem in 
the practice of this year. 

3.2. Price Formation in Requested Product 
Income from sales for 2009-2017; is organized by creating the annual 

values by taking the average of the monthly values in the Consumer Price 
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Index TUİK (2003 = 100) values (Anonymous 2017, Geray 1998). As a result 
of the sale; the lowest price was 39 m3 / TL in March and the highest price 
was 98 m3 / TL in February. A difference of 251% was found between the 
lowest price and the highest price for income from sales. According to the 
annual distribution of sales; the highest price was realized in 2011 with 123 
m3 / TL and the lowest price was in 2009 with 38 m3 / TL. Between the highest 
price and the lowest price, the difference has emerged ratio of approximately 
324%. The years 2009 and 2011 of Karabük and Eskipazar Forest Enterprise 
Directorates show similar characteristics. Therefore, developments in the 
market related to these periods are considered to be effective. Monthly or 
seasonal fluctuations in the formation of different prices; It may also be 
related to the product saturation of the market by periods. For this reason, 
neighboring forest enterprises in the same region should also consider the 
sales dates of other forest enterprises in their sales. Among the successive 
auction market sales periods realized by the two forest management 
directorates; the interval ranging from 1 day to 70 days was determined. 
Generally, an understanding of being the only one in the market seems to 
prevail. Differences in sales prices of forest enterprises by years may also 
change under the effect of periodic economic fluctuations. For both cases; 
fluctuations in price changes by months and years are expected to be within 
acceptable limits. However, as seen appeared to be fairly high level of 
fluctuations (Coşgun, 2018). 

3.2.1. Seasonal Effect on Sales Price 
It was also tested with Single Entry Variance Analysis (ANOVA), which 

has a seasonal effect on the price of the product offered / offered to the 
market. As a result of the analysis made for the sales of Karabük Forest 
Enterprise Directorate; the variances of the variables that make up the data 
were found to be significant. In the analysis of variance; It was revealed that 
there was a seasonal effect in the 95% confidence interval. With Duncan Test, 
it was determined how grouping is. Accordingly, Karabük Forest Enterprise 
Directorate; Autumn season is effective in the sales of 3rd grade standard 
Black pine timber. In sales in September, October and November, the price 
emerged differently than in other seasons. In the second group, the Spring, 
Summer and Winter seasons were included in one group. The effect of these 
seasons on the price was not different from each other. Autumn season was 
formed as an influential factor on the price. It was determined that the 
Autumn and spring seasons had a positive effect and the other seasons had 
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a negative effect on Bartın Forestry Directorate's 3rd grade standard size Fir 
timber prices (Daşdemir 2001). According to Daşdemir (2001); “In Yenice 
Forest Enterprise Directorate, price stability is ensured as the product can be 
offered to the market continuously and adequately”. It is stated that there are 
no seasonal fluctuations”. In Bartın Forestry Directorate, in examining third 
class beech sales again; In Bartın Forest Management; It can be said that there 
is not a significant difference between 3rd class beech timber sales prices 
according to the seasons (Daşdemir 2008). This result; According to the 
market demands at Bartın Forest Enterprise, it shows that price stability and 
seasonal fluctuations are not experienced by providing fresh and sufficient 
goods to the market in almost every season. However, a little; It is stated that 
the spring and summer seasons have a positive effect on the price and other 
seasons have a negative effect”. 

Sales Price (SF), Seasonal Index (MI) and Seasonal Effect (ME), calculated 
as a result of the auction market sales of Karabük Forest Enterprise 
Directorate between 2009-2017. Seasons with ME> 0 have positive effects on 
prices, and seasons with ME <0 have negative effects on prices (Daşdemir, 
2003). It was observed that the Autumn season had a negative effect on the 
sales of Karabük Forest Enterprise by -2.13%. It was observed that the Spring, 
Summer and Winter months had a positive effect (5.27, 5.34 and 6.3). These 
data are also compatible with variance analysis data. 

3.2.2. Effect of Years on Sales Price 
The effect of years on the product offered to the market has been tested 

with Single Entry Variance analysis. In variance analysis; The year effect was 
revealed to be in the 95% confidence interval. As a result of Duncan test, it is 
seen that eight groups are formed. The groupings obtained are examined; 
2009 was in the first group, 2010 and 2016 in the second group, 2013 in the 
third group, 2015 in the fourth group, 2012 in the fifth group, 2014 in the sixth 
group, 2017 in the seventh group and 2011 in the eighth group. Between 2009-
2017; Sales Price (SF), Year Index (YI) and Year Effect (YE) are calculated as a 
result of auction market sales in Karabük Forest Enterprise. Seasons with YE> 
0 have positive effects on price, and Seasons with YE <0 have negative effects 
on price (Daşdemir,2003). On the sales of Karabük Forest Enterprise 
Directorate; The years 2009 and 2016 had a very negative impact. 2011 has a 
positive effect. 
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3.3. Evaluation of the Relationships Between the Variables Affecting 
Sales Price by Correlation Analysis 

As a result of the Correlation Analysis made by using the variables in 
Table 1 regarding the sales of Karabük Forest Enterprise Directorate; 
significance has occurred between the variables at 95% and 99% confidence 
levels. 

With the amount of products that are offered for sale in Karabük; 
• Party size, 
• Amount of logs requested, 
• The cross period between each auction tender held in Karabük and 

the Standing tree sales tender held in Eskipazar on the next date. 
There was a positive and 99% reliability relationship between them. 
With the increase in the sales price in Karabük; 
• Average increase rate in sales, 
• Increase in the number of batches, 
• Increase in sales realization rate, 
• The increase in the time between two consecutive auction tenders, 

There was a positive relationship between. 
As the number of batch of products offered for sale in Karabük increases, 

the batch size of the products decreases. 
 

3.4. Evaluation of the Relationships Between the Variables Affecting 
Sales Price with Regression Analysis 

Regression Analysis conducted for Karabük Forest Enterprise; the 
degree of success of the model is R2 = 0.872. The variables obtained can 
explain this model in 87.2%. 

The income obtained from the sales of Karabük Forest Management 
Directorate between 2009-2017, Regression equation formed after the 
Regression analysis for the log m3/TL Sales Price; 

Sales price = 63,670 + KRBTOMORTHCM + 0,123 KRBORTMUAMB + 
0,692 KRBIHALORTARTORN – 0,099 KRBPARTSAY + 0,095 
KRBIKIACKIHALSURE – 0,058 KRBESKPDKLIHALONCCAPSURE – 0,246 
KRBESKPDKLIHALSONRCAPSURE , the equation is formed. 

3.5. Evaluation of the Relationships Between the Variables Affecting 
the Sales Price with Factor Analysis 

To evaluate the effects of the variables in Table 1 collectively and thus 
clearly reveal the main variables (or factors) affecting the price, Factor 
Analysis was carried out with 22 variables defined for each of the Karabük 
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and Eskipazar forest enterprises without discriminating between dependent 
and independent variables. Factor Derivation methods; In Principal 
Component and Rotation methods, analyzes were made by using Varimax 
method. In accordance with the Kaiser Criteria, four basic factors with factor 
load greater than 1 (or 70% of variance participation) were obtained in both 
factor analysis. In order to facilitate the interpretation and naming of 
fundamental factors scientifically, factor loads greater than 0.5 are taken into 
consideration as the absolute value and factor loads less than this are not 
taken into consideration (Bennet and Bowers 1977, Mucuk 1978, Daşdemir 
1996). According to the results of the factor analysis for Karabük Forest 
Enterprise; 73.39% of the total variance is explained by the first six factors 
derived. The first factor explains 20.17% of the total variance, while other 
factors explain 14.90%, 10.92%, 10.71%, 9.78% and 6.92%, respectively. Factor 
1 group is the most important factor since the percentage of variance 
participation shows the significance of the factors, and in this group, it has a 
positive factor load with the level of KRBSATTOMSAY, KRBSUNLTOMMIK 
and KRBSATTOMMIK. The common feature of the variables in the structure 
of this factor is; This is related to the level of product offered and sold 
(requested). Especially considering that demand is a factor that activates 
supply, it is named as Factor 1 Demand Level in terms of marketing function.  

In the study conducted by Bartın Forest Enterprise for the sale of beech 
logs, the first factor came out as the variables that were offered and requested 
for sale (BAT and BARZ) and were named with the same name (Daşdemir 
2008).  

The second factor consists of two positive variables. The factor formed 
by the variables as the average increase rate in sales and the rate of realization 
in sales was named as the Buying Willingness Level. 

The third factor variable is positive (The cross time between each Auction 
tender held in Karabük and the Standing tree sales tender held in Eskipazar 
on the previous date). Performed in two forest management directorates; 
shows that the cross-over time between Auction sales and Standing tree sales 
is important. For this reason, the third factor is called Cross Marketing Times 
Between Different Sales Methods. 

The fourth factor (the number of batches in Karabük sales and the cross 
period between each auction tender held in Karabük and the Standing tree 
sales tender held in Eskipazar on the next date) consisted of positive 
variables. The fourth factor is named as Number of Parties and Cross time-
Sales Methods. 
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The fifth factor consisted of the positive variable (The cross time between 
each auction tender held in Karabük and the auction tender held in Eskipazar 
on the following date). It draws attention to the time between auction sales 
in the two forest management directorates. For this reason, Auction Sales 
Cross Times are called. While supplying the product to almost the same 
potential customer, the market saturation level to the product will make one 
of the most important effects on the price. In this case, the fact that the time 
between the two sales is so irregular can only be caused by the execution of 
the works under the two regional directorates. Each regional directorate; 
Under the control of their own Business and Marketing Branch Directorates, 
they take into account the sales periods of forest enterprises affiliated to their 
regional directorate. 

The sixth Factor is consisted of negative variables (For Karabük, the time 
periods between a Standing tree sales tender and an auction tender (the last 
tender- the first tender). The sixth factor is also called Marketing Times 
Between Different Sales Methods. 

In the study, Forest Enterprise Directorates which are affiliated to two 
different Forest Regional Directorates but in the same province and therefore 
have the same potential customer interest were examined. It has been 
observed that there are important problems in placing products on the 
market and timing for market demand. 

In the study; Values such as times of sales and product quantities related 
to Standing tree sales are included. However, it was not possible to determine 
which type and class of product was obtained from the Standing tree sales. 
The companies that buys the product is free to divide the product into types 
and classes according to the needs of the market and its business. Therefore, 
no information was obtained about the product types and classes obtained 
from these sales. 

4. CONCLUSION AND SUGGESTIONS 
Production and marketing of wood raw material in Turkey is carried out 

by the State Forestry Enterprises. The appreciation of the currency in recent 
years has been one of the important factors in the restriction of wood raw 
material import. Due to these features, Forest Enterprises are in the state of 
monopoly. The private sector, which operates wood raw materials, and the 
state sector, which is a monopoly, confront in the market. State Forest 
Enterprises present their forest products to regional and local markets with 
the policies established by the General Directorate of Forestry. Small, 
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medium and large-capacity enterprises processing forest products can easily 
come together in the market for common interests. Therefore, they can affect 
the formation of the price.  

The General Directorate of Forestry, which cannot analyze the market 
well and has a marketing policy approach created in the center, causes 
economic losses in the marketing of wood raw materials. It is necessary to 
know the effects of the seasons and months, which have a positive and 
negative impact on the supply and demand. Producing this information is 
among the duties of the relevant branch office of the Directorate of Business 
Marketing of GDF. There is no information about the methods by which 
research is obtained in this direction. This situation makes it obligatory for 
the managers of forest enterprise to make market supply and demand 
projections of their region with their own possibilities. Particularly, 
neighboring forestry directorates should be sensitive about the time of 
placing products on the market. However, it was observed that there was no 
approach in this direction in the study. Because, different time intervals 
between 1 day and 70 days were determined between the auction sales of the 
two forest management directorates. To supply products at close intervals to 
the same market; it will cause the market to be saturated in a short time and 
the price to be low. In the examination made for beech and fir logs related to 
other forestry enterprises in the same regional directorate, it is emphasized 
that sensitivity on marketing times is required (Daşdemir 2003, Daşdemir 
2008). 

In Karabük and Eskipazar Forest Operation Directorates; between 2009 
and 2017, 205 batch and 4.232 sales were realized. It was determined that the 
Karabük Forest Enterprise was negatively affected by the Autumn season by 
-2.13%. It is observed that the Spring, Summer and Winter months have a 
positive effect. The neighbor; in the sales of the Eskipazar Orman Isletmesi 
Directorate, it was determined that the Autumn and Summer months had a 
negative effect of -5.85% and -3.85%. It is observed that the Winter and Spring 
seasons have a positive effect and even the positive effect of the Winter season 
is significantly higher than the Spring season. While both businesses offer 
products to the market, taking these effects into consideration will enable 
them to obtain higher prices.  

Effects of years; due to the periodic fluctuations in which the country's 
economy passes, it can be evaluated differently. However, in terms of the 
evaluations regarding the years; It is important that forest business managers 
examine their own management periods and the prices of the managers of 
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one period or two periods ago. Seeing how the m3/TL prices of the same 
product changed during these periods and taking the necessary measures 
accordingly is an approach that will help increase the income of these 
enterprises. 

The fact that the products put on the market for business managers are 
generally sold should not be perceived as an adequate success. For this 
reason, a separate success criterion and evaluation system should be 
provided especially for marketing to forest enterprises. In the study, in the 
formation of the price for the products put on the market in Eskipazar and 
Karabük forest enterprises; besides the effect of the seasons, it has been 
demonstrated that they have an impact on their years. The factors affecting 
the price were also analyzed through the Multiple Regression Analysis. 

As a result of this analysis; The factors affecting the price for Karabük 
Forest Enterprise Directorate; 

a) Average volume per log in Karabük tender, 
b) Karabük average Estimated price, 
c) Average increase rate in sales in Karabük tender, 
d) Number of Karabük batches, 
e)The time between two consecutive auction (last tender-first tender) 

tenders in Karabük, 
f) The cross time between each Standing tree sales tender held in 

Karabük and Standing tree sales tender held in Eskipazar on the previous 
date. 

g) The cross time between each Standing tree Tender held in Karabük 
and the Standing tree Tender held in Eskipazar on the next date. It has 
emerged as equation. 

In correlation analysis, 95% and 99% reliability bilateral relations were 
found among the variables. Some of the bilateral relations obtained with 99% 
reliability in the analysis are presented below. 

• With the increase in the amount of products offered for sale in 
Karabük, 

• With the increasing number of batches in Karabük, 
• With the increase in batch size, requested amount of logs, 
• With the increase in the average increase in sales in Karabük tender, 
• As the time between two successive auctions (last tender-first tender) 

in Karabük increases, 
• The cross period between each auction tender held in Karabük and the 

Standing tree sales tender held in Eskipazar on the next date. 
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the price in sales is increasing. 
In addition, through Factor Analysis, factors were determined through 

variables that affect the price. There were 6 factors for the sales of Karabük 
Forest Enterprise Directorate. These; 

• The First Factor; “Demand level”, 
• The second factor; “Level of willingness to buy”, 
• The third factor; “Cross-marketing times between different sales 

methods”, 
The fourth factor; “Number of batches and cross-selling methods” 
• The fifth factor; “Auction sales cross times”, 
• Sixth factor; “Marketing times between different sales methods” 
determined as. These factors obtained for both forestry directorates are 

compatible with the factors obtained in other studies in the region (Daşdemir, 
2003; Daşdemir, 2008). 
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Introduction and statement of problem 

Global warming has detrimental consequences; such as atmospheric and 
climate hazards, sporadic heavy rains and occurrence of devastating storms. 
Also, food security, biodiversity and humid climate zones have been 
diminished considerably. In fact, drought and desertification has already 
increased world immigration. 

An important issue which should be examined in this part, is effect of 
climate change on the related areas of studies. such as serious events which 
occur in the region. In this case, the most harmful effects of climate change are 
due to increased potential frequency or intensity of weather phenomenon 
which happens. Serious indexes of weather and climate events are taken 
place. However, serious incidents are rare, but their effects are directly 
damaged the people, regions and countries (Sura 2012). Events of weather are 
serious, it results temperature of weather and rainfall to be increased. 
Therefore, it is necessary to examine the climate data daily (Tagavi and 
Mohammadi 2007). Intergovernmental Panel predicts the climate change 
(IPCC) in its third evaluation report (TAR 2001). Between 1990-2100, the 
global average temperature will rise by1.01 to 4.6 °C. More and more floods 
and drought will occur. Then, a report on the serious weather events was 
published by the World Meteorology Organization in 2003. It must be said 
that the world will be followed by serious weather events, such as droughts, 
tornado will happen. These events are still continuing to be increased. They 
will devastate the people`s lives and have also greatly increased the costs 
involved in the recent years (Easterling et al 2000). Its effects will be on the 



561 
 

society, economy and environment (Manton et al 2001). In addition, the social 
and environmental impacts of these events which are serious on the local scale 
and can significantly affect on the specific parts of the region. Different 
activities have taken place around the world in connection with serious 
temperature and precipitation index. 

Accordingly, the trend of serious climate indexes based on the daily 
series of temperature in Europe for 1940-1999 has been examined using 
observed data from more than 100 meteorological sources. In this study the 
average wet index increased during the mentioned periods for precipitation. 
But this trend was not significant. Possible changes in background of rainfall 
in the United Kingdom were investigated, using a model HadcM3 under the 
propagation scenario for three periods (2010-2039) (2040-2069) (2070-2099) 
were performed (Ekstron et al. 2005). Also, in 2005 Bouani and Murid studied 
the effects of climate change on temperature, rainfall, and run off in Isfahan`s 
Z Ayandeh Rud basin, using the Model HadcM3 under two scenarios A2, B2 
for the next periods was examined. As a result, they predicted a decrease in 
rain fall and an increase in temperature. Also, the climate change for Khorasan 
province for 2021 using Model data ECHO-G for two periods 2010-2039 was 
evaluated. The result was a 10% decrease in precipitation. 

Despite declining provincial rainfall, since then heavy rain falls have 
occurred on the area. 

Babaeiyan et al. (2008). Study shows the seriousness and trend of their 
changes throughout the country took place during 1951-2003 periods. In three 
cases, static, positive and negative trends of the above indicators can be seen 
in the country. While in some areas, such as Hormozgan, Tehran, Isfahan, 
trend of most indexes is positive and related to findings of government Panel 
for climate change (PCC). For some areas, such as Azerbaijan and Farce 
provinces, trend of index negative was detected (Asghari et al. 2003). Also, 
study shows that trends of indexes for temperature in Iran for 1981-2010. 
Climate indexes for freezing days, cold days, cold nights, temperature 
changes in the most parts of Iran had negative trend indices, such as summer 
days, hot nights and hot days have been on the rise for the most places. 

In general, the indexing process is one of the exceptions and is a line with 
the latest findings of the government Panel on climate change and global 
studies (Dalaei et al 2014). In other study (Bazr Afshan et al. 2009) the 
performance of two Models in simulating temperature variables of 
precipitation and radiation was investigated. The result showed that better 
Model LARS-WG performance in precipitation and radiation simulation and 
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better Model Climate Gen performance in temperature simulation was 
observed. 

In this study, temperature data from 450 meteorological stations, also 
precipitation data in 670 stations from ministry of power were provided. 
Using the method of zoning GIDS Gradient Plus Inverse Distance. On this 
method, effect of height is considered to be more than 90 meters using a digital 
layer. It is then shown in form of diagram, chart and zoning maps. The 
average temperature of the country with a trend of 0.04 °C per decade. The 
maximum temperature trend was 0.02 °C per decade. The maximum 
temperature trend was about 0.06 °C per decade. upward temperature trend 
for the whole country has been significant. Whereas Rain fall in Iran during 
the last 50 years 1970-2019 has had a negative trend with 0.06 mm. but it has 
not been approved in the most meteorological stations.  

Assessing Climate Change through meteorological observations: 

 In this section, we describe the characteristics of re-analysis data used 
and method of in-situ observed data. The observed variables in the data used 
consists of historic daily precipitation, the maximum temperature measured 
at synoptic stations and rain-gauge station administered by Iranian 
meteorological organization (IRMO), and limited to number of rain-gauge 
stations administered by the Ministry of power which we had access to their 
data. 

The main emphasis has put on the maximum number of available data 
to minimize side effects imposed by selection and applying interpolation 
scheme. The data is collected monthly. temporal scale and only the stations 
were selected, which can record at least 27 days of data in each month of the 
year.  

The only outlier removal measure consisted of eliminating unphysical 
data from historic in-situ data set, e.g. unusually high daily precipitation in 
desert areas or in dry months of year, especially those stations which having 
unusually warm or dry climate, high (or low) temperatures inconsistent with 
typical values in summer or winter. The rest of data is reliable and accurate 
validity of precipitation due to reporting of meteorological organization. 

The number of stations used for interpolation of precipitation varied year 
by year (about 350 stations in 1970s to more than 2500 stations in 2010s). the 
maximum available data who passed filter of number of days per month are 
selected for each month. In the case of temperate, only synoptic stations with 
sufficient long-term history and highest data quality were used. These 
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included about 70 stations in 1970s to about 450 stations in 2010s and 
maximum valid stations are selected each month (map 1). 

 

Map 9. Location of stations used to build re-analysis data used 
 

The Objective Analysis (interpolation) algorithm used: 

A number of interpolation algorithms and techniques are introduced for 
objective analysis of observed data and creating re-analysis data sets. The 
simplest of all (yet logically reasonable and valid) is the method of inverse 
distance weighting (IDW). Later on, sophisticated geo-statistical methods, 
e.g. varieties of kriging method, were introduced which used semi-variogram 
to demonstrate spatial variability of each interpolated variable. Meanwhile, 
the effect of elevation, and topography certainly has important effects on 
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most of observed variables. and therefore, the schemes applying digital 
elevation maps (DEMS) are among the most accurate and promising high-
quality methods which used. 

The method which we used for our re-analysis data sets is a modified 
version of IDW algorithm, namely gradients plus inverse distance square 
which is proved to have appropriate functionality in the field of objective 
analysis in recent years and accepted in scientific communities in recent 
years.  

The IDW scheme is based on the similarity of behaviour of interpolated 
variables in horizontal distance of grid points near to each station. Its main 
draw-back is due to lack of topographic intervention in interpolation, 
especially in the specific areas, having complicated topography. 

GIDS method while maintains this argument for the similarity of the 
close points, so, this defect has been solved in an efficient way. Also, as the 
method doesn’t consider topography, it is mostly is an appropriate method 
for topographic interpolation related to variables, e.g. temperature, especially 
in regions with sophisticated elevation pattern and mountainous areas like 
most of Iran. Therefore, its result has been long debated to be valid or not. By 
the way GIDS method compensates weak points related with IDW very 
efficiently while at the same time maintaining its valid logic of similarity of 
behaviour when horizontal distance decreases.  

Just as IDW, we select a fixed number of stations (N) in a search radios 
(R) around the grid point number (J). The nearest stations numbered (I) are 
selected and the interpolated variable (X) in each station (XIj) are combined 
based on Euclidean horizontal distance between I and J (DIJ) to result in the 
appropriate estimates of observed variable at grid point (XJ) as follows: 

𝑋𝑋𝐽𝐽𝐼𝐼𝐷𝐷𝑊𝑊 =

∑ (𝑋𝑋𝐼𝐼
�𝐷𝐷𝐼𝐼𝐽𝐽�

𝑃𝑃� )𝑁𝑁
𝐼𝐼=1

∑ (1
�𝐷𝐷𝐼𝐼𝐽𝐽�

𝑃𝑃� )𝑁𝑁
𝐼𝐼=1

 

Which (P) represents power applied in IDW method and taken to be 
P=2.0 by default. (The larger the value of P, the partial effect of an individual 
station on grid points in its neighborhood is weakened faster at the close 
spatial distance). Here (DIJ) is the Euclidean distance between I and J is 
calculated in spherical coordinates (α≈ 6371 km, earth radius; φ the latitude 
and λ the longitude in radians) as follows:  

𝐷𝐷𝐼𝐼𝐽𝐽 = a((Δ𝜑𝜑)2 + cos𝜑𝜑𝐼𝐼 × cos𝜑𝜑𝐽𝐽 × (∆𝜆𝜆)2)
1
2 
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Δ𝜑𝜑 = �𝜑𝜑𝐼𝐼 − 𝜑𝜑𝐽𝐽�.Δ𝜆𝜆 = �𝜆𝜆𝐼𝐼 − 𝜆𝜆𝐽𝐽� 
 
The vertical distance between stations are ignored, also implicitly we 

have assumed that we can find at least (N) stations in a search radius (R) 
around each grid point. In fact, it is not always the case with sparse and 
density of stations e.g. desert areas. Therefore, if we cannot find needed 
number of stations (based on interpolation scheme characteristics with 4 
stations limit for GIDS in search radius, we need to put aside search radius 
criteria temporarily and continue our search until we find minimal needed 
stations around the specified grid point (accepting side effects of this 
measure) this search routine accounts for part of interpolation time and sin 
appropriate search algorithms such as K-nearest neighbours (KNN) with an 
appropriate metric for distance (such as what we defined in this section), 
clustering and geo-statistical techniques are needed in this regard.  

The nominator of IDW method is modified in GIDS accordingly, so that 
we can apply elevation and other geographical coordinates (latitude and 
longitude) or even some specific parameters of topography, e.g. the slope, if 
we show the elevation of stations by ZI and the elevation of grid point by ZJ, 
we regress the interpolation variable on the three geographical coordinates 
(φ, λ,Z) over the selected stations in the neighborhood around the grid point, 
so we obtain 4 regression coefficients for each grid point per each variable 
every time step. we show the coefficients with kφ, kλkz and k0respectively. It 
is obvious that we need at least 4 stations to estimate these values so we 
continue our search to find these 4 stations. We don’t mention the details of 
methods of solving linear equation systems (in the case of 4 stations) or 
regression parameters estimation schemes (such as the method of least 
squared error or maximum Likelihood) there, as the reader can easily find 
them in literature.  

If we take the result of regressing variable X on geographical coordinated 
to be X as follows: 

𝑋𝑋� = 𝐾𝐾0 + 𝐾𝐾𝜑𝜑 ∗ 𝜑𝜑 + 𝐾𝐾𝜆𝜆 ∗ 𝜆𝜆 + 𝐾𝐾𝑧𝑧 ∗ 𝑧𝑧 
We can obtain formula for estimating 𝑋𝑋𝐽𝐽𝐺𝐺𝐼𝐼𝐷𝐷𝐺𝐺immediately as: 

𝑋𝑋𝐽𝐽𝐺𝐺𝐼𝐼𝐷𝐷𝐺𝐺 =
∑ 1
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�𝑋𝑋𝐼𝐼 + 𝐾𝐾𝜑𝜑Δ𝜑𝜑 + 𝐾𝐾𝜆𝜆Δ𝜆𝜆 + 𝐾𝐾𝑍𝑍ΔΖ�𝑁𝑁∗
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Δ𝜑𝜑 = 𝜑𝜑𝐽𝐽 − 𝜑𝜑𝐼𝐼 .Δ𝜆𝜆 = 𝜆𝜆𝐽𝐽 − 𝜆𝜆𝐼𝐼 .ΔΖ = Ζ𝐽𝐽 − Ζ𝐼𝐼 
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Where N* here is equal to minimum number of stations in the search 
radius R around grid point J or in the case of scarce station numbers will be 
equal to 4.  

The evaluation of this scheme and its superiority even over varieties of 
kriging can be found at et al (2011) for variable precipitation and 
Mohammadi, et al. (2016) for surface temperature.  

The above method is based on simple linear regression over the selected 
stations in the neighborhood around grid point J. Also, more sophisticated 
data mining algorithms such as categorization and regression tree (CART) 
can be used n combination with core IDW methodology and find better 
results that GIDS (Mohammadi et al., 2016). Also, we should mention that we 
can extend geographical coordinates easily in this method to include other 
geo-statistical characteristics of grid point and stations topography such as 
slope or even other in-situ variables such as surface temperature previously 
interpolated over grid cells or taken as known from other existent data sets.  

By the way we have contented ourselves to use the ordinary 
methodology of GIDST create our 50 years reanalysis data sets. As we can 
see, the partial effect of elevation strength is dependent on the coefficient KZ 
and imposes a corrective 10 to 15 percent effect on annual precipitation the 
results of ordinary GIDW. 

The main important effects that known is proximity to large water bodies 
or lakes, e.g. in the regions at southern boundary of the Caspian Sea is 
effectively considered in GIDS method by applying kλ and kφ coefficients 
automatically. This amazing capability enables us to interpolate diverse 
variables such as relative humidity or dew point temperature, rapidly and 
exactly. 

The major point we should mention here is about the range of out puts 
values. Unlike IDW, and because of including gradients in the nominator, the 
output of GIDS will not be necessarily confined to the range of maximum and 
minimum observed data, locally and even over all interpolation area, namely 
the range[ 𝑋𝑋𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚,𝑋𝑋𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚]. This enables us to simulate more intense precipitation 
on over mountainous high plains using the information from stations mainly 
situated at low plains, specially over individual features existed in land and 
in deserted areas .This capability, however can lead to unphysical result after 
interpolation, so we will need to apply a filtering gauge to ensure results to 
remain physical.  

We applied an empirical range of (0-450) mm for monthly precipitation 
which is violated and modified accordingly in few very moist months in 
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history. Also, an empirical range of (-60 to +60) degrees Celsius is applied 
over monthly temperatures. Of course, these ranges can be modified based 
on different months or seasons in the year or even can be set locally or 
regionally using descriptive statistics of observed data.  

The other probable source of error implied by GIDS mythology can occur 
because of steep and sudden change in surface topography (individual 
peaks) or situating of grid points on relative low altitudes or valleys which 
can again result in unphysical values for 𝑋𝑋𝐽𝐽𝐺𝐺𝐼𝐼𝐷𝐷𝐺𝐺. This can be overcome by 
modifying digital elevation map (DEM) data or digitally filling valleys or 
removing high peaks if detected to be necessary after a period of trial error. 
By the way this potential source of uncertainty is ignored in our dataset, as 
we intended to use its result on provincial and country level as the areal 
average.  

The programming of GIDS is done using for Fortran 95 and the results 
are sent to Geographical Information System (GIS) software to be converted 
to geo-referenced raster format and to extract provincial and country level 
areal averages, now including the effective partial role of surface topography.  

It has been also possible to include climatological basic state (e.g. the base 
period 1981-2010) to separate observed fields into perturbed ones around this 
time-mean basic state and then perform interpolation individually for basic 
state and perturbed quantities accordingly. By the way this would limit us to 
include a subset of stations with enough long-term observation 

 history or to use the interpolated basis-state values on short-term 
stations as their basic state. Both these measures would imply new sources of 
uncertainty and would result in unintended side effects, even though it is and 
accepted routine in creating re-analysis datasets. We have instead relied on 
the high strength of GIDS method, even though we face relatively low 
number of stations at the beginning of 50 years period. 

The regular grid defined our dataset consisted of 0.05 °C of latitude and 
longitude horizontal resolution on coordinates system, resulting in more 
than60 thousand grid points over Iran. The elevation of these grid points are 
extracted from Shuttle Radar Topography Mission (SRTM) with 90m 
horizontal resolution because of uncertainty or low digits coordinates in 
formation of some rain-gauge stations and also because we didn’t have 
information about the elevation of some them and also we wanted to retain 
continuity and avoid singularity in the interpolated surface, we also the 
extracted elevation for stations, also form the same DEM source as grid cells 
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instead of reported in-situ measured elevations. The near exact accordance of 
DEM extracted elevation data in high quality synoptic stations, verifies this 
measure. Consider in mind that we need to subtract ZI from ZJ in the 
nominator of GIDS fraction and the potential of error that would be applied 
if we combined two sources of information instead. 

In the next sections we will show the observed trends in temperature and 
precipitation, as the major variables used to define climate change of land, in 
the recent 50 years. 

Observed trends in meteorological variables: 

In this section, we will briefly review some of the aspects of climate 
change by means of assessing the observed trends in main climatic variables; 
namely precipitation and maximum/minimum temperature. The statistics of 
mean yearly variables (temporal-areal statistics) is evidently the smoothest of 
all since the effect of seasonal variability is damped by averaging. In fact, the 
most affected seasons from the climate change are spring and winter. Briefly 
describing, less snow fall in cold tempered high regions has led to the warm 
winters. Other important observed variability is delayed at the beginning of 
cold season, and consequently occurs at late winter precipitation in liquid 
form at the beginning of spring; namely wetter spring/ warmer and drier 
winter. These above-mentioned changes are dissolved in yearly 
country=level statistics derived from the re-analysis data set described before 
considering the effect of local orography. Thus, the graphs are representative 
of year to year variability or long- term climate change over Iran.  

The observed change in temperature statistics: 

The observed trend in yearly mean temperature 3:00 UTC minimum 
daily temperature shown in blue colour, 15:00 UTC maximum daily 
temperature shown in red colour and the average of the two as average daily 
temperature shown in green, are depicted in figure 2. The trend is derived 
from recent 50 years, namely 1970-2019. 

The sharpest increasing trend belongs to minimum temperature which 
shows +0.05 ℃ increase in temperature each year, equals to 3 ℃in the studied 
50 years of observation this is equal to 0.02℃ per year (1.0 ℃ per 50 years) for 
maximum temperature and 2 ℃ per 50 years for average temperature. 

Data for 50 years is divided into 5 decades in figure3. The sharp 
continuous increase in minimum temperature from 9.6 ℃ in the first decade 
(1970s) up to 11.8 ℃ in the last decade (2010s) is indication of severe nightly 
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change in climate.  

 

Figure 1. Variability of Temperature in recent 5 decades (1970-2019) over Iran 
 
The minimum temperature on the other hand, shows the periods of 

decrease up to 1990s and then sharp increase up to 2010s. in fact, maximum 
temperature decreased from 24.3 ℃ in 1970s to 23.7 in 1990s and then sharply 
increased to 25.1 ℃ in 2010s in total 50 years looks, this is equal to only 0.8 ℃ 
difference between 1940s and 2010s.  

By the way if we consider the situation in recent 30 years the rate is much 
more equal to 1.4 ℃ in 30 years which overpasses all other trends. This is 
mainly because of moist, cool period of 1990s (which will be described later 
on) and very high daily temperatures (especially unprecedented warm 
summer days in the last years of 2010s). 

Considering the domain effect of maximum daily temperature in 
summer days on water demand for crops and vegetation (and therefore 
potential- evapotranspiration), this leads to very severe phenomenon of 
Foehn related forest wild fires and cooling related energy demand by 
citizens. 
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Figure 2. Variability of Average Temperature in recent 5 decades (1970-2019) over 
Iran 

These trends are depicted in more details, showing the temperature 
related to each year in figures 4,5,6. In fact, the coolest nightly minimum 
temperature occurred in 1973-1975 around 9 ℃ and the warmest at 2018 equal 
to 12. 4 ℃ . On the other hand, the coolest unusual maximum temperature of 
22.2 ℃ occurred in 1992 and hottest period between 2015 to 2018 equal to 
25.5 ℃.
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Figure 3. Variability of Minimum Temperature in recent 5 decades (1970-2019) over Iran 
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Figure 4. Variability of Average Temperature in recent 5 decades (1970-2019) over Iran 
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Figure 5. Variability of Maximum Temperature in recent 5 decades (1970-2019) over Iran
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Precipitation-pointed evapotranspiration point of view on climate 
change 

We look at the observed change in the scale of equivalent depth of 
evapotranspiration of water supplies resulted from variability of 
meteorological variables and most importantly the mean monthly 
temperature. We used the Thorntwaite formulation which only requires, 
mean monthly temperature and extracts historic records of heat index 
statistics from them. The details of the method will not be included here.  

The observed trend in total yearly country-level depth of equivalent 
potential evapotranspiration via observed precipitation shown in figure 7. 
The observed sharp increasing trend of 5.57 mm/year is obvious of increasing 
trend of thirst and water deficiency in the past 5 decades. The precipitation 
on the other hand shows a much less and apparently less important 
decreasing trend of around 0.58 mm/year, one hundredth of that potential 
evapotranspiration. It should be mentioned that because Iran is situated at 
the belt of desert area and dominance of high pressure in mid-latitudes, the 
potential evapotranspiration is much wave than actual evaporation.  

 
Figure 6. Variability of Precipitation and Potential Evapotranspiration in recent 5 
decades (1970-2019) over Iran 
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Figure 7. Variability of Potential Evapotranspiration in recent 5 decades (1970-2019) over Iran 
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Figure 8. Variability of Precipitation in recent 5 decades (1970-2019) over Iran.
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The Thorntwaite formula under-estimates potential evapotranspiration 
at winter and over- estimates at summer, compared to more realistic, 
physically derives quantities from more accurate method like FAO-56 
Penmann-Monteith. Totally mean estimate the actual yearly evaporation to 
be on tenth of potential counterpart. Yet even this will lead to an increasing 
trend of evaporation ten times faster than precipitation.  

The balance is of ultimate importance to water supplies management 
sector and all the users as well as the natural resources and environment. It 
shows the true deteriorating situation of drought, in its diverse multi- faceted 
definition. Although we have not mentioned statistics related to water 
supplies and hydrology here, this very water-deficiency variable describes 
the situation. The quantities are shown in more detail at figure 8 and 9, 
showing the lowest yearly, country-level potential evapotranspiration at 1992 
equal 955 mm to around 1300 mm between 2015 and 2019. 

Meanwhile the precipitation highly wet years belonged to 1994, 1982, 
1976, 1972 and finally 2019 with yearly precipitation between 330 to 350 mm. 
it is hoped that the wet period has returned after 2019 since we observed its 
pre-cursors in 2020, too. By the way non-reserving increase in temperature 
will result in higher water demand (besides the population increase which 
over loads anthropogenic water demands to its natural counterpart) and will 
definitely alleviate its net result. However, good consequences are obvious in 
restoration of Urmia Lake, small scale in land water bodies (after years of 
dryness) and specially the Hamun lake (after good precipitation and flooding 
in Afghanistan) and highly productive agriculture sector. 

Again figure 10 and 11 shows the decadal change in precipitation and 
potential evapotranspiration, respectively. 
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Figure 9. Variability of Potential Evapotranspiration in recent 5 decades (1970-2019) over Iran 
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Figure 10. Variability of Precipitation in recent 5 decades (1970-2019) over Iran
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Figure 11. Total Precipitation and Potential Evapotranspiration in recent 5 
decades (1970-2019) over Iran 

An increase from 1039 mm/year in 1970s in 1257 mm/year in potential 
evapotranspiration in 2010s and decrease in precipitation from 258 mm/year 
in 1970s to around 232 mm/year in 2010s is a repetition of trends described 
previously. The net difference or water deficiency, indicating the drought 
condition depicted in the standardized precipitation- potential 
evapotranspiration index (SPEI) provides a monitoring tool for this variable, 
whether at regional or local spatial scale.  

Consequences and adaptability methods Over IRAN 

This chapter is based on studying three important issues which included 
climate change consequences, opportunities and adaptability methods. 
Climate change consequences were separately studied in different fields, 
such as meteorology, hydrologic resources, energy, atmospheric and climatic 
hazards, bio-ecology, natural resources, forests, pastures, watershed, socio-
economic subjects, industry, hygienic and health, agriculture, insurance, sea 
and its coast. 

Meteorology aspect: 

Generally, the precipitation system in the coming decades will be more 
varied and unpredictable. As the annual average precipitation has decreased, 
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its fluctuations have increased. Concerning to this issue, the following cases 
are discussed. 

Most models have simulated the greatest decrease in precipitation for the 
western and central area of the country. However, it is probably that 
increasing precipitation could be related to evaporation increase related to 
the oceans and adjacent water. 

According to studies performed on the north-east part of the country, 
precipitation in this area has been displaced at the end of precipitation 
season. Generally, the occurrence of autumn rainfalls is delayed and its 
amount is reduced to the cold season and early spring. As a result, these 
conditions have changed the date, time and pattern of cultivation in the 
region. 

In the south-eastern region of the country, the occurrence of heavy 
showering summer-time rainfall events is strengthened (owing to high 
moisture content affected from Indian ocean and Oman Sea besides 
convective instability) which result climatic and atmospheric risks. At the 
same time, increasing trend is observed in temperature data 

There is a trend of reduced snowfall in the Zagros mountain range which 
now fails to provide enough water needs for dams and hydro-electric power 
plants. In consequence, lowland fields of the area have dried, and also it has 
caused the drying out of swamp lands and wetlands. In general, reducing 
surface moisture will change the pattern of occurrence of frequent 
metrological events. Hence, dust phenomenon in this area is increased.  

The length and intensity of heat waves and cold spells are changing. This 
may be related to serious accidents such as heavy snow fall, and severe colds 
that are now likely occur in the area. Heat waves are alternatively increased 
in polar and tropical latitudes, and these conditions are likely to cause 
unprecedented heat waves in the country. 

Water resources aspect: 

Compensation for water deficiency in the drinks sector, industry and 
agriculture largely related to irregular consumption from underground 
water resources which are increased. It has caused land subsidence in the 
desert area followed by permanent damage, reduction in the underground 
water reservoir volume. In the future, refilling of these underground aquifers 
would be impossible. This phenomenon can be considered one of the 
irrevocable consequences to the climate change related to the natural 
systems. 
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Degradation or damage to the ground water reservoirs decreases the 
water level and capacity in the subsoil. In fact, in such conditions, 
underground water resources can not be fed by rainfall. A consequence is 
that the fertile constituents of agricultural soils are washed away through the 
natural drainage. 

Reduction in precipitation causes rural dwellers to migrate to urban 
areas. Therefore, its consequences will be more water demands and applying 
more pressure on water resources on the suburban regions. Since, the people 
of area have to use underground water, it caused land surface to be subsided. 
So damages or destructions occur to the infrastructure establishments. 

As the volume of underground water sources decreases, the subsidence 
of desert land is observed. Hence, with a reduction of precipitation, 
underground water tables cannot be recharged. As a result, rainfall 
accumulates on the surface land as a flood. Deficiencies of water are seen 
much more on semi-arid area in comparison to other areas, and this 
especially affects the supply of drinking water.  

The share of snowfall in the total annual rainfall has decreased, leads to 
lack of supply of ground water resources (glaciers) in mountainous areas. 
Additionally, depletion of mountainous water resources has accelerated 
deforestation. 

Currently, the usable life-time of dams, the return period of heavy 
rainfalls, the maximum amount of precipitation and flood are calculated 
based on data (PMP1, PMF2). Meanwhile due to climate change and probable 
scenarios of atmospheric CO2 content, future precipitation data are 
simulated. Hydro-climate basins statistics are estimated for the next 100 
years, concerning to their productivity and useful life. The result yet is not 
overwhelming at all! 

Energy aspect: 

With declining rainfall and hence water supply to dams, power plants 
will face problems. Therefore, their production will be diminished unless 
changes are made to make them useful.  

Cultivation in greenhouses that require more energy is essential to be 
maintain predicable production. Therefore, planning is needed in order to 
provide necessary electricity. On-site production of solar energy to be 
delivered to green-houses will be an efficient option here.  
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Atmospheric and climate hazards aspect: 

The average annual rainfall will continue to decrease in the future and 
number of dry and sunny days will increase. As a consequence, rainfall will 
mainly occur in torrential downpours causing flash floods to run on the land. 
These flood without restoring the ground water sources needed, and they 
cause a lot of damage to the land by fertility washout and erosion. 

Currently, design of infrastructure facilities, urban runoff collection 
management systems, river engineering, bridge making, and road 
construction are based on the rain fall rate of return based on the recent 
historic climate records. However, due to global warming, data must be 
simulated to take future trends into the design and planning process. Future 
climate for 2100 will be estimated by meteorological organizations. Therefore, 
design of mentioned facilities and buildings should be reviewed and prevent 
flood damage. Heavy rainfall events will cause flash floods and makes 
damages on the lands. Flood damages must be mitigated. Standards and 
instructions for the design and methods of construction applying to 
buildings, infrastructure and urban water collection systems need to revised. 

In some areas, the climatic average in the coming decades may be equal 
to the statistical average, but their behaviours will be different, which makes 
it difficult to adapt to climate change. Rising sea storms, costly economic 
activities of ports and risks to investments are on rise. In addition, coastal 
establishments, roads and other buildings are increasingly damaged. 
According to climate trends, the height of sea waves are rising. Therefore, 
new standards in relation to port establishments must be introduced in order 
to improve maritime resistance to the climate change. 

Environment aspect: 

The life and population of marine ecosystems and organisms react 
strongly to the global warming. These ecosystems are stressed as the 
temperature of air increases the ocean and groups of organisms gradually 
disappearing from the bio-cycle temperature. These include coral, algae, 
phytoplankton and zooplankton. 

The melting of polar glaciers will reduce the salinity of water oceans due 
to rising global temperature, and disruption of the overall currents of oceans, 
causes permanent climate change in coastal areas 

Ocean temperatures are affected by global warming, considering several 
years delay. However, the ocean temperature rise is much higher than the 
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land mass. Thus, the oceans are considered to be the motive force behind the 
atmospheric evolution and high temperature of the oceans can cause serious 
weather events. 

Generally, current climate, hot, dry, semi humidity and humid climates 
are changed. The share of areas with arid, semi-arid or dry climates increases 
while the share of semi-moist and moist climates reduces. According to a 
study by the Climatology Research Institute, the wet area of Caspian Sea will 
decrease by 40 percent by 2100. 

Globally, as the earth`s temperature rises, the thickness of polar ice in 
north pole will become between one and two meters thinner, in comparing 
to the 1960. Even now, they have lost 40 % their thickness. This reduction in 
thickness reaches 10 cm in a year. According to the forecasting from various 
models, it shows that persistent polar ice cap will be completely diminished 
by the year 2100. 

With the reduction in extensive rainfall, the area of arid climate has 
expanded to urban areas and caused air pollution. Also, it has reduced air 
clarity and hence visibility in urban areas. The frequency of sandstorms and 
dust storms has increased in desert region. Countries such as Iran and Saudi 
Arabia are prone to such sandy and dust storms. 

Natural resources, forests, pastures and watershed management 

The possibility of forest fires has increased. Forest trees in these areas are 
prone to pests and disease and gradually are being decreased, so, it is 
necessary to establish a forest fire alarm system. 

Rising temperature has caused the coefficient of bio-climatic comfort to 
reduce. Some animal and plant species that have not be able to adapt to this 
climate or to migrate from their own permanent habitats to other places is 
observed. Moreover, some species gradually will become extinct. 

Low precipitation and drought have eliminated some areas of aquatic 
(swampland, march, lakes) forest, rangeland (savannah) and bio-diversity 
ecosystems. With the destruction of forests, and pastures, heavy precipitation 
allows devastating floods to follow on the area. 

With the increase of torrential rains in the upper basin of dam 
catchments, dams are rapidly filled by sediment. Therefore, the useful life of 
dams is reduced. This will emerge the need for a comprehensive planning for 
retention and watershed management for development. It is necessary to 
prevent dams to be filled by sediment, and to feed the underground water 
resource. 
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Decrease in number and density of trees in forests is occurring due to 
deforestation by direct human activity, drought and fire events associated 
with climate change. Yet, the absorption of carbon dioxide by forests has been 
severely reduced. Studies show that each tree absorbs an average of 22 kg 
carbon dioxide per year. It is therefore imperative that governmental 
authorities apply new planning for forest conservation and reforestation. 

Socio-economic problems aspect:  

With increasing of drought and water shortages, the migration of people 
from rural areas to the outskirts of major cities has increased. This will result 
in increased crime, social unrest and social harm to increase in these areas. 

Credit share for unexpected events from annual budget to improving 
plans has increased. Therefore, it caused instability in budget, also 
development programs of government were disrupted. 

As a result of climate change, migration from villages, small towns and 
vulnerable areas to the major cities were increased. For example, we can 
mention the east and south-eastern provinces of Iran. Migration has caused 
villages to be evacuated, therefore the rate of economic growth has 
diminished and urban services costs have increased. 

Due to a combination of factors such as widespread droughts, dust, lack 
of health services and welfare in less developed areas, climate change has 
caused migration to urban areas of villagers who are the main producers of 
agricultural products. Thus, a decrease in local production has driven the 
increased import of agricultural products, and has resulted in a risk to food 
security in the country. Therefore, policies of regional sustainable 
development are vitally necessary. 

Industry aspect: 

With the increase in air-borne dust, destruction of the natural ecosystem, 
unfavorable climate, both the mainstream and eco-tourism industries have 
declined. It has caused a decrease in economic growth, and consequentially, 
has rapidly intensified immigration process. 

As the grasslands have become bare and depleted of vegetation, the cost 
of providing and supplying fodder has increased. The livestock industry has 
thus become economically unviable. Moreover, the gradually degraded 
sensitive climatic regions will not be useable again for a long time. 

With increased aridity due to more dry days and decreased cloud-cover, 
increased sunlight offers the opportunity of generating electricity from solar 
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energy. However, providing solar electricity is costly. In fact, a large portion 
of country, especially desert plain and the Lut desert and its surroundings 
located in the central part of Iran, is suitable for generating solar power. This 
part of the country is called "Energy sea". With the help of solar energy to 
supply the power, the creation of large farms will make it possible to increase 
agricultural products in the country.  

In this way, the greenhouse effects will be decreased. Then, we could 
achieve sustainable production from freely available energy sources. It is 
significant to note that European countries are considering schemes to create 
farms in southern Europe, powered by transmitting solar energy from solar 
power plants in the north of Africa through the Mediterranean Sea. It is 
notably that recently, Saudi Arabia is investing in solar energy generation 
projects. 

Due to the increased use of refrigeration and air-conditioned cooling 
systems, and the interaction of the rising temperatures on the country`s 
electricity consumption, it is predicted that at the end of this century, the 
consumption of electricity in the country will increase three times more in 
comparing to the average consumption of the five-year period (2007-2011). 

According to the Kyoto protocol, the carbon-dependent industries are 
obligated to pay the relevant taxes in order to improve and develop the clean 
industries of the world. In this regard, industries that produce surplus carbon 
dioxide, are seeking to buy clean industry quotas. In this way, carbon trading 
increases. So, the country needs to keep pace with the international 
community, and therefore seeks to decrease its emissions of greenhouse 
gases. So as a first step, it needs to help domestic industries, perhaps by 
decrease costs through transaction of companies on tax payments, to improve 
the technology of domestic industries and reduce greenhouse gas emissions. 

As the temperature rises in summer and becomes milder in winter, 
clothing manufacturing industries need to introduce and adapt their policies 
for clothing production for hot and cold seasons. In this regard, the chamber 
of commerce and clothing manufacturing industries with relevant 
organizations should take measures to adapt to climate change. 

There is a strong correlation between rising of the global warming and 
rising the sea levels. In the past time, there has been an increase due to the 
global warming. The current trend is for ocean waters rises of 10-20 cm per 
year. This trend could increase the level of ocean water 50 cm by the year 
2100. This will cause the country`s costs on maintenance and services to be 
increased in southern sea ports of Iran. 
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Health and sanitation aspect: 

With increasing droughts, land use change and declining forest cover, 
occurrence of dust has caused an increase in the incidence of lung and 
respiratory diseases (Dalaei, et al, 2017). Therefore, plans must be made to 
establish specialized hospitals in crisis areas for treatment of these patients. 

Prevalence of some respiratory diseases and lung cancers caused by air 
pollution, industrial smog, fine dust, dust mites and as a result, 
pharmacological factories supposed to meet the growing needs to be 
addressed in this sector. 

 As the mean hours of sunshine increase, and thus the amount of UV 
which reaches to the earth`s surface increases, results in increases of diseases 
such as skin cancers, glaucoma. [UNKOWN: pearls]. they spread on the areas 
and Incidence of them is increasing. Regarding this matter, the ministry of 
health organization could address this by introducing programs to raise 
public awareness in order to diminish these risks. 

The coefficients of bio-climatic recyclability are decreased. In contrast, 
heat stress will go beyond the tolerance threshold of living organisms, and 
diseases and mortality related to heat stress will increase. As a result, 
dehydration, fatigue, drowsiness, kidney failure and heart failure, are caused 
by heat stress.  

Moreover, the changes in ecosystems in response to climate change will 
influence the range of endemic diseases and pests related to specific tropical 
areas that are dangerous to mankind, animals and plant species.  

Insurance aspect: 

About 80 percent of world`s natural disasters are related to climate 
change. With the increased incidence of such catastrophic events, the share 
of country`s budget from gross national product allocated to react to 
unexpected events has steadily increased.  

Studies show that the role of insurance industry gradually becomes more 
important. Public and private organizations and private individuals like to 
have accident insurance against disasters. 

In order to ensure continuity of agricultural production, the government 
has to increase the volume of investment to take in to account increased 
failures, and has an on-going review process for coming years.  

In general, in the future, the turnover of finance in insurance industry 
will increase which leads to development of the sector. On the other hand, as 
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the risk of insurance increase, so do the costs of production and investment. 

Sea and its coast aspect: 

Mangrove forests are a suitable location for spawning, larvae process, 
and breeding of many marine populations, such as hard-shell, shrimp, 
mollusks and fish. Many of them have created a seafood network for animals 
such as turtle, whales, dolphin, shark and coastal sea birds. Reduction of 
these food sources will have undesirable results for marine organism 
populations. Climate change is considered to be the most important factor 
which endangers the health of these habitats. The rapidly rising sea level is 
significant due to the changes in the structure of mud bed, and salinity of 
costal swamps for habitats. 

Coral habitats are among the most diverse marine habitats. Iran`s coral 
reefs are located around 14 islands and the coastal region of Persian Gulf and 
Oman sea. In addition to tourist and recreational attractions, these areas play 
an important role in the species diversity of the region and economic activity 
is fishery industry. These habitats also protect the coasts and beaches from 
the effect of waves on coastal erosion. Climate change has negative effects on 
coral reefs by changes which occur in chemical compounds of sea water. Also, 
rising sea water temperatures and changes in currents, in ecosystems, or 
other mechanism is resulting in the death of corals reef habitats. 

Coastal infrastructure establishments including transportation, ports, 
roads, railways, airports, water supply, energy, sewage networks are 
severely damaged by climate changes. Climate change effects on coasts can 
be due to temporary floods, permanent encroachment of the sea, and surface 
of sea level rises, coastal erosion, torrential rains, strong winds, storm 
damage. These are all sensitive interacting issues that should be taken into 
account. Climate changes are thus the main factors in planning the life cycle 
of infrastructure and transportation systems related to marine time 
development of the country. 

Food chains in marine habitats are affected by the environmental 
parameters: temperature, salinity, water currents and circulation, and 
contamination. This has consequences for the fishing industry. Rising sea 
temperature effects the populations of long crabs and edible oysters. Local 
fishery stocks are decreasing due to the migration of fish to lower depths, or 
other marine areas in the sea. This has now led to fish farming in cages, large 
enclosures or lagoons. 

The process of climate change, by altering the flow of marine currents, 
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has made some species migrate and into other areas and thus invade other 
ecosystems. In some cases, when some predators are lost from one area, it 
may be that other species that are harmful to the ecosystem will increased 
and dominate. 

Methods of adapting 

It is essential to introduce scientifically-based principles and regulations 
to increase flexibility and adapt to climate change. With the current rate of 
change summarised here, the five years development plan horizon is an 
appropriate timeline to bring in urgent changes. 

Government encouragement and support of the insurance industry is 
needed. 

Development of insurance supporting packages for natural disasters 
which were caused by climate change conditions should be considered. 

Developing new policies for cultivation and comprehensive programs to 
adapt agriculture practices to climate change in need to be introduced. 

By using water resource management, a national system for monitoring 
and forecasting water supply needs to be established. This will allow policy 
on the production and consumption of water to be applied. 

Implementation of replacement policies on agriculture and horticulture 
in rural areas which affected by drought or climate change is necessary. Rural 
migration to urban areas can be prevented or reversed by supporting and 
developing these industries. 

Watershed management programs, conservation, rehabilitation 
improvement of principles on exploitation of natural resources should be 
supported. 

Reviews on standards and instructions for water engineering, civil 
engineering and infrastructural design should be conducted. 

In order to reduce the consequences of climate change, international 
policy co-operation and interdisciplinary interactions are needed. 

The diverse effects of climate change are assessed from a number of 
view-points and on a number of affected sectors. The problem is addressed 
through revising consequences of climate change affecting Water resources, 
energy, atmospheric and climate hazards, environment and natural 
resources, Socio-economic problems (e.g migration to cities and shortage in 
agricultural products), Industry and poor quality delivered water, health and 
sanitation, Insurance (specially in agricultural products), sea and the 
maritime life in its coast. Also, some adaptation strategies are mentioned, but 
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more detailed studied are needed in this regard. 
The global warming is assessed and signs of similar patterns from 

observed meteorological variables verifies it to be the case for Iran too. The 
sharp increasing trend in temperature and decreasing trend in precipitation 
(although statistically unimportant) shows the condition to be much altered 
in future decades. 

Opportunities  

Despite of challenges and harmful consequence of climate change, it is 
possible to use an integrated management to turn the challenges into 
opportunities in economic growth, and increasing the international 
interactions. Here, some opportunities for climate change of country are 
suggested, as follows:  

By using huge solar energy resources in the central and southern regions 
of the country, Iran can be turned into an international pole for clean energy 
production. It should be noted that European countries have now established 
the world`s largest farms, using solar power farms in Morocco, north Africa. 
By establishing farms, solar power plants will be able to generate solar energy 
for the European countries through the Mediterranean Sea. Saudi Arabia is 
also investing heavily in the field of solar electricity in the area. 

Replacing hydrocarbon combustion by wind energy, wave energy and 
especially solar energy, will result in the emissions of the greenhouse to be 
reduced, thereby saving of fossil fuel resources for the future generations.  

Reduction of oil consumption in scenario RCP2.6 is predicted to be 
around year 2020. In the scenario PCP4.5, in the year 2025, the demand for oil 
will remain in a constant state. In the scenario RCP6 and RCP8.5, the demand 
for oil in year 2070 will be reduced. With effective informed planning such 
conditions could be an opportunity to move beyond oil economy in order to 
reduce country`s dependence on it. 

Planning and supporting knowledge expansion to support companies to 
promote and exploit new technologies in producing wave energy from the 
sea, wind power, geothermal energy, especially solar energy in order to 
diversify the production of electricity. 

Planning research should be conducted on the gradual change of the 
country’s diet in relation to those products that have production restrictions 
due to climate change. 

Changes in the approach of management systems and society require 
specialized meteorological services, especially effect of climate change in the 



591 
 

local zone. 
Energy optimization and resource conservation for the next generations 

is necessary. Sustainable usage from resources must be managed 
strategically. 

Information exchange with internal and global organizations should be 
expanded. 

Due to the climate change and reduction of frosty days, it is possible that 
a second cultivation cycle per year of some kind of crops can be produced. 

Conclusion 

Global warming due to rising concentrations of Greenhouse gases and 
land use changes. So, it is obvious that there have been dramatic changes in 
Iran`s climatic metering. Rising temperature, declining rainfall and other 
catastrophic weather events has occurred in the country during two decades. 

In the last 49 years (1970-2019), country`s average temperature has risen 
by about 0.04 °C over the past decade. In some meteorological stations of the 
country, increase in minimum temperature has been recorded up to 4 times 
more than the increase in the past times. These conditions are more apparent 
in Metropolitan cities of Iran. Such as Tehran, Isfahan, and Shiraz. The 
formation of heat island is more felt by examining the temperature data 
recorded from 33 stations of the country`s Meteorological Organization in the 
long term period. These statistics data are significant. Global warming based 
on over 54-year period (1961-2014). 88% of meteorological stations indicating 
that lowest minimum temperature was significant. On the other hand, about 
39 and 73 percent of the stations due to heating process was significant. 
Hence, frosty days (minimum temperature under zero-point), and hot nights 
(minimum temperature over 20 °C) has reported. Also difference between 
minimum and maximum temperature of nights and days were seen. 
Difference between minimum and maximum temperature was 1.59 °C. 

Changes in rainfall in the studied periods show a decrease of rain fall 
was about 11 mm. As a result, we consider that rainfall in the north-west and 
west part of Iran has significantly decreased. 
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1. INTRODUCTION 

The study of the accessibility of locations in geographic space, and 
especially the pursuit of quantitative indicators to represent it, are not recent. 
According to POOLER (1995), research in this field dates back to the fifties, 
while several measures were conceived even earlier, in the thirties. The theme 
of accessibility is going through a phase of "rediscovery" (FROST & Spence, 
1995) as a theoretical and empirical problem not only in academic literature, 
but also as an instrumental support in the formulation and evaluation of 
regional development policies, plans and transportation infrastructure 
programs.  

Regardless of the debate on the effects of accessibility gains in regional 
economic development, the analysis of the spatial distribution of accessibility 
has proven to be a suitable tool for measuring disparities between regions, 
whereas accessibility indicators are being increasingly used to evaluate 
spatial effects of projects of transportation infrastructure on territorial 
organization and cohesion (van Geurs & WEE, 2004; López-SUAREZ, 2006). 

In this context, contemporary definitions and conceptual propositions 
and discussions of adaptations and use of (new) accessibility indicators are 
discussed in a vast and growing literature, which highlights, among others: 
Pooler, 1995; Frost & Spence, 1995; Geertman & van Eck, 1995; Vickerman, 
1996; Gutierrez & Urban, 1996; Schürmann et al, 1997.; Bruinsma & Rietveld 
1998; Gutierrez et al, 1998.; Miller, 1999; Wegener et al, 2000.; Gutierrez, 2001; 
Geurs & van ECK, 2001; Schürmann & Talaat, 2002; Geurs & van Wee, 2004; 
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Martin et al, 2004.; Lopez-Suarez, 2006; Holl, 2007; Martin & Reggiani, 2007 
and Lopez-Suarez et al., 2008. 

However, in Brazil, as in many other countries, the procedures for the 
formulation and evaluation of plans and investment programs in improving 
the transportation infrastructure does not usually consider the spatial 
impacts of these interventions, particularly their effects on the efficiency of 
networks and territorial cohesion. 

This attitude is not justified, since the development of geographic 
information systems (GIS) and the docking into instrumental network 
analysis tools and other spatial analysis, greatly facilitated the calculation and 
handling of accessibility indicators in methodologies assessment of wider 
impacts of investments in transport networks. 

This present study has a dual purpose: i) firstly, to calculate and map the 
spatial distribution of indicators of road accessibility in Minas Gerais to its 
853 municipalities, in two scenarios: "without" and "with" the 
implementation of the ProAccess Program. 

 ii) secondly, to explore the potential of accessibility indicators to 
evaluate spatial effects (Cohesion effects) of road programs of this 
magnitude, in terms of their contribution, or not, to reduce accessibility 
disparities between cities. 

To this end, the next section reviews the issues of accessibility and 
territorial cohesion, as well as the relationship between them, and the most 
recent theoretical and conceptual developments in this subject. In the third 
section, the methodological aspects underlying this study will be examined, 
especially the selection of the indicators used, the processes of modeling 
networks, as well as the calculation and representation of these selected 
indicators. The fourth section will show the analysis of the main results, 
including a preliminary assessment of the effects of the ProAccess Program 
on the territorial cohesion of Minas Gerais. In the fifth section, we present 
concluding remarks on this exploratory study. 

ACCESSIBILITY AND TERRITORIAL COHESION 

2.1. Concepts and Measures of Accessibility 

Considering that a location is accessible if it is connected to other 
locations through a road or rail network or to an airport or port, then here are 
some accessibility definitions found in recent literature: 

"A general definition of accessibility is that it represents a potential opportunity 
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for interaction" (Bruinsma & Rietveld 1998, recovering the classical approach 
of Hansen, 1959); 

"[The term accessibility refers to] opportunities that the transport system / 
use of the ground provides to (groups of) individuals or goods to reach activities or 
destinations by means of (a) (combination of) environment (s) and types of 
transportation "(Geurs & van Eck, 2001); 

"Accessibility is a major 'product' of a transport system. It determines the 
locational advantage of a region relative to other regions, including itself. "(...) " It 
adds great value to a location and it's an important factor in the quality of life" 
(Schürmann et al, 1997.); 

 "Accessibility is a feature that describes the location of an area in relation to 
opportunities, activities or resources that exist in other areas or in the area itself" 
(Wegener et al, 2000.); 

The importance of accessibility as an explanatory factor of spatial 
phenomena, is, according Ingram (1971), the reason of the effort made to 
achieve an operational formulation of the concept in a quantitative basis. 
Many literature reviews group different accessibility indicators into broad 
categories, based on a common vision of the theoretical and conceptual 
approaches adopted by their formulators. 

 A recent and comprehensive review of the subject was made by Geurs 
& van WEE (2004), which identifies four basic approaches: i) measures based 
on infrastructure - that allow performance analysis or service level (observed 
or simulated) of transport infrastructure ; ii) location-based measures - aimed 
at quantifying and describing, in macro perspective, the level of accessibility 
in activities distributed throughout geographic space; iii) measures based on 
the individual - which are based on Hägerstrand's concepts of the geography 
of space and time, and take into account the restrictions on the freedom of 
action of the individual in the environment; iv) measures based on utility - 
serve to analyze the economic benefits that are derived from the access to 
spatially distributed activities. 

It is worth noting that the measures based on location, according to these 
authors, have two major subcategories:  

a) measures targeted by distance: the common aspect of this subcategory is 
that the corresponding indicator ends up being a proxy of transportation cost, 
which is, the Euclidean distance or network, time or travel cost (Baradaran & 
Ramjerdi, 2001). The variant adopted in more recent studies to consider the 
measures in this subcategory by the "mass" of the locations (ie, a 
representative measure of the size of the market and the opportunities 
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available) has its origin in the index derived by Harris (1954), of the concept 
of potential transport costs. These are costs that are incurred to meet a whole 
market from a given location, assuming, contrary to what occurs in gravity-
type measures, that the decline of the influence of the market (or 
opportunities available) with increasing distance is not verified. Considered 
or not, such measures are sensitive to the demarcation of the study area and 
selection of destinations, and should be noted as a warning Rietveld & 
Bruinsma (1998). However, even considering these limitations, Holl (2007) 
emphasizes that the measures oriented by distance usually provide relevant 
and useful information for network analysis and reviews of plans and 
infrastructure programs, particularly in countries or regions where the 
transport network is not characterized by ubiquity (such as the road network 
of Minas Gerais). 

b) potential type measures: according to Baradaran & Ramjerdi (2001), these 
are among the most used measures of accessibility. The first and still 
influential approach is Hansen's (1959), with one indicator based on the 
concept of accessibility as a "potential of opportunities for interaction". The 
standard formulation of these measures derives from the Hansen's original 
proposal, where distant markets provide reduced opportunities. A more 
recent and innovative approach of potential type measures is presented by 
Vickerman (1974). According Geurs & van WEE (2004), potential type 
measures present some advantages compared to those oriented by distance: 
i) they require few input data and present a relative ease of calculation; ii) 
evaluate the combined effect of transport and land use systems; iii) may 
incorporate assumptions about the perceptions that people have of the 
transport system, by using distance-decay type functions.  

However, they present, as warned by the authors mentioned, some 
weaknesses: i) they are of difficult interpretation and communicability; ii) are 
sensitive to the boundary of the study area; iii) exclude the effects of 
competition (between transport modes and activities) and temporal 
constraints; iv) are ambiguous in reading most indicators. 

Gutierrez et al. (1996) demonstrate that "there are substantial differences" 
between the measures oriented by distance and the potential type measures. 
While the former emphasizes the spatial separation between locations, the 
latter is reflecting the potential of interaction between places. Moreover, 
"there is no 'distance-decay' function in the first type of measure, while there 
is a gradual decrease [the distance effect] in the second one." To the authors 
cited, an "[Accessibility] indicator based on the average distance should be 
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interpreted more from a locational point of view than an economic one", but 
do not forget that the economic implications of its results are obvious, as the 
relative location of cities and regions is a factor of attractiveness and support 
their development. The interpretation of the results of accessibility of a 
potential type measurement must be taken, according to Gutiérrez (2001), 
from an economic point of view, because it "measures the economic potential 
of each place in each of the scenarios [evaluation] considered and potential 
changes resulting from new infrastructure."  

 The most recent literature has emphasized the importance of working 
with different indicators in studies of regional accessibility, since "there is no 
indicator of optimal accessibility for each case, and it is more appropriate to 
employ several indicators and analyze your results in a complementary 
fashion. "(Monzón et al., 2005). 

2.3. Accessibility and Territorial Cohesion 

Studies and more recent evaluations of regional policy and spatial 
planning, especially those produced in the European Union countries, have 
emphasized that adequate inter-regional supply of transport infrastructure 
and, consequently, a more equitable spatial distribution of accessibility, are a 
key factor for achieving higher levels of territorial cohesion. This can be 
understood as a “"a convergence process in levels of regional welfare, aimed 
at achieving progress and sustainability" (Peters, 2003; cited Suarez-Lopez et 
al, 2008). According to the European Parliament Report on the Role of 
Territorial Cohesion in Regional Development (2005), it is a concept that is 
"based, while extending on the notion of economic and social cohesion, then enriching 
it with a transverse dimension, the territorial dimension."  

In this context, inter-regional accessibility distributions are now widely 
used in policy evaluations, as a proxy for regional levels of well-being 
(welfare), when considering that the welfare of individuals relate to the 
greater or less facility with which they can access goods and services spatially 
dispersed. Disparities in the quality of access to opportunities are seen as an 
obstacle to territorial cohesion and the provision / improvement of transport 
infrastructure as a mean to reduce such disparities (Lopez-Suarez et al., 2008). 

Indeed, because the accessibility, "the main 'product' of the transport 
system"(Spieckermann & Neubaeuer, 2002), is considered a necessary, 
though not sufficient, for economic prosperity, many regional development 
strategies have sought to improve accessibility of economically peripheral 
areas, integrating them to the transmission of greater coverage and quality. 
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In fact, the 'rediscovery' of the theme of accessibility in urban and regional 
studies is strongly associated with introducing the topic of territorial 
cohesion in the academic debate as well as in the pragmatic discussion of 
regional development policies and improvement of infrastructure networks 
that are formulated and evaluated in the context of the European 
Commission, especially after the progressive integration of "peripheral" 
countries in the European Union.  

The assumption adopted in such reviews is: if the systems infrastructure, 
including transportation, is not by themselves ensuring the development and 
integration of a given geographical area, they can, however, establish a series 
of potential derivatives of the present accessibility conditions, connection and 
interaction, capable of creating regional comparative advantages that define 
the concept of space competitiveness. According to Gomez-Piñeiro (2000), 
besides the allocation of network infrastructures, other factors are also 
relevant when it comes to regional development and integration. For 
example, 

"(.....) location itself, evaluated in terms of accessibility, the main centers of 
production and consumption, the conditions of the labor market and the structure of 
the network of cities. However, it is clear that the possibility of government 
intervention through infrastructure policies, in particular, transport networks, can 
change regional situations that are not as favorable compared to other regions." 

The same author states that such relevance stems from the fact that 
infrastructures are the "support of productive activities and the organization of the 
city networks, and the intervention in these networks as they identify with the ability 
of a country or region structure and establish an economic and territorial model of its 
own"(Gomez-Piñeiro, 2000). 

Indeed, in transportation planning and land use, the provision of 
accessibility is seen more as a mechanism to support economic activity and 
social cohesion than a desirable good by itself (Vickerman et al., 1999). Quite 
simply, one can say that "regions with better access to locations of sources of inputs 
and markets will be more productive and more competitive ('ceteris paribus') and 
therefore more successful than remote and isolated regions "(Schürmann & Talaat, 
2002). Within the European Commission, 'equal access to services of general 
economic interest' has been considered in the formulation and evaluation of 
transport policies as a key condition for achieving greater territorial cohesion.  

 
 



600 
 

2. METHODOLOGICAL ASPECTS 

3.1 . Assessment of Pro-cohesion effects of Transport Infrastructure 
Policies 
 The evaluation model of spatial distributional effects of policies, plans 

or infrastructure transport programs adopted in this present exploratory 
study is based on a two-step methodological procedure, akin to that 
proposed in GUTIERREZ et al. 2001; ESPON, 2006; and LOPEZ-SUAREZ, 
2006; among others. This approach, supported by methods and spatial 
analysis techniques, is based on the consideration of changes in the spatial 
distribution of accessibility indicators as a proxy to measure impacts on 
territorial cohesion. 

In the first step of this procedure, the distributions of accessibility 
indicators are calculated, mapped and interpreted, which will provide 
insights and additional information about the spatial distribution of 
municipal road accessibility, the scenarios "without" and "with" the program 
evaluated in this study - the ProAccess. The aim is to measure and map the 
direction and magnitude of changes in accessibility in terms of city level, in 
the Minas Gerais territory, due to the implementation of the program.  

 
Figure 1. Simplified Chart: Assessment of Territorial Cohesion Effects. 
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The second stage is then to evaluate the effects of road improvements on 
territorial cohesion in terms of spatial convergence or divergence. For this, 
indexes of rates of inequality, or the cohesion indexes (CIs), are calculated 
and compared for the distributions of municipal accessibility considered in 
both scenarios.  

Thus, one can evaluate as outlined in the following figure, in a numerical 
and graphical basis, if, as a result of the program analyzed, inter-municipal 
disparities of road accessibility are increased (with undesirable "polarization 
effects"), or if, such disparities are reduced, leading to improved levels of 
cohesion in the Minas Gerais territory. 

3.2 . Indicators of Accessibility Selection 

Whereas each indicator of accessibility available in the literature 
emphasizes different effects of interventions in the transport infrastructure 
network, we selected for this study two indexes of accessibility: i) The 
Locational indicator of Accessibility; and ii) The Indicator of Potential 
Accessibility, which obtain different results but complement each other. The 
first indicator falls into the category of accessibility measures based on 
distance, while the second falls into the category of potential type measures. 

3.2.1. Locational Indicator of Accessibility 

This is a typical indicator of affordability oriented by distance (or average 
time or cost of displacement). However, it is examined by a proxy of the same 
market size or the opportunities available in the destinations. It expresses, in 
this way, the relative location of each place, and the extent to which a road 
improvement modifies this location by reducing the time and cost of travel 
to other places in the area of study. The resulting values are strongly 
influenced by the geographic location of each node in the transport network. 
For further considerations about the Locational Indicator of Accessibility, see 
Gutierrez & Urban (1996) and especially Gutierrez (2001). 

 The mathematical formulation of this Locational indicator is as follows: 

 
whereas: 

 is the impedance of displacement through the "shortest path" between 
the cities i and j, measured in time or cost of travel; 

 is the "mass" of opportunities in destination j (measured by 
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population or local GDP). 
It is important to highlight two key aspects: first, that the lower the value 

of this indicator, the greater is the accessibility of the location being 
considered; Second, the examining of the measured impedance (time or 
transport costs) in the above formulation, by a proxy of the "size" of the 
destinations will highlight the importance of the impedance measure in the 
trips to destinations with larger demographic or economic magnitude in the 
region analyzed. 

3.2.2 Indicator of Potential Accessibility 

This indicator of accessibility is based on the assumption that the 
attraction of a destination increases with the "size" of the opportunities 
available and declines with distance, travel time or cost of transportation, in 
this case the "size" of the destinations is measured by the population or by 
economical indicators, such as the gross domestic product or per capita 
income.  

Thus, this is a concept with two functions: the "function activity", 
representing the activities or opportunities to be achieved, and the 
"impedance function" representing the effort, time, distance or cost needed to 
achieve them (for further considerations, see WEGENER et al., 2000).  

These two functions are combined multiplicatively: they are weighted by 
each other and both are necessary elements of this indicator of accessibility, 
which has the following mathematical formulation: 

 

 
whereas: 

 is the "mass" of opportunities to be achieved in the municipality of 
destination j (measured by population or local GDP); 

 is the impedance of displacement through the "shortest path" between 
the cities i and j, measured in time or cost of travel; 

 The impedance function is non-linear - we adopt here a negative 
exponential function, pioneered by WILSON (1971), cited in Geurs & van 
ECK (2001), and maintained in SCHÜRMANN et al. (1997) and his 
subsequent work with the following formulation: 

 . The β parameter indicates that the nearest 
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destinations are given a greater weight than those more remote (the distance 
decay effect).  

 It is important to note that the higher the value of this indicator, the 
better the accessibility of the location considered.  

3.3 . Selection of Indicators of Cohesion  

The effects of policies of economic infrastructure on territorial cohesion 
can be evaluated taking as reference the spatial distribution of a preselected 
variable, with values associated with each spatial unit of analysis, in the 
scenarios "without a policy" and "with a policy.” If the policy evaluated 
materializes in a program of large-scale investments in transport network 
from one region or country and the reference variable is the municipal 
accessibility, what will be assessed is whether, in view of the implementation 
of such a program, the disparities of accessibility between cities are 
expanded, with undesirable effects in territorial cohesion or, on the contrary, 
the disparities in accessibility are reduced, with positive effects on territorial 
cohesion.  

Literature on the subject (see Gutierrez et al 2001; Espon, 2004; Iason, 
2004; and Lopez-Suarez, 2006; among others), presents several indicators to 
measure effects of transport policies on territorial cohesion (Cohesion effects). 
Noteworthy among them are the "synthetic indexes of inequality", or 
inequality measures. These are macro-analytical indicators that combine the 
values assumed by a given variable (eg., a distribution of municipal 
accessibility) into a single measure of spatial concentration (or dispersion). 

Lopez-Suarez (2006) warns that reviewing the effects of policies or 
infrastructure programs on territorial cohesion should be made with caution, 
since there are large potential sources of bias in the process, derived from 
both the choice of indicators of accessibility and indexes of inequality as well 
as from the geographical scale (or spatial area) analysis. So the best option 
would be the handling of miscellaneous indicators and indexes and an 
integrated view of their results. The conclusions based on a single measure 
should be avoided. For this exploratory study, four indicators of cohesion (or 
inequality indexes) were selected to measure patterns of convergence or 
divergence conditions of municipal accessibility, considering the two 
scenarios reviewed. 

Such indicators can be grouped into two categories - static and dynamic, 
as shown in the following table (1):
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Table 1. Selected Indicators of Cohesion 
Category Indicator Observations 
Static 
Indicators 

Variation Coefficient  The coefficient of variation is the standard deviation of the values of the indicator considered as a 
percentage of the average distribution. It tells us the degree of homogeneity or polarization of the spatial 
distribution of the variable (in this case the municipal accessibility). The results vary between zero (equal 
distribution of accessibility) and one (extreme polarization) and allow you to compare two scenarios 
regarding the cohesion or equity. 

Gini Index The Gini index measures the area between the cumulative distribution of indicator values selected and a 
straight line that represents equal distribution. The similarity of the coefficient of variation, the Gini index 
takes values between zero (equal distribution of municipal accessibility) and one (indicating that the 
distribution of values of the indicator of accessibility is highly polarized). 

Dynamic 
Indicators 

Pearson correlation 
coefficient between 
the relative variation 
of the indicator of 
accessibility and its 
base value 

This indicator examines the relationship between the variation percentage change in the indicator values 
and the magnitude of the baseline values, calculating the coefficient of the correlation between them. In the 
case of Locational indicator of accessibility, if the coefficient is positive, it means that the disparities 
between municipalities are reduced, if it's negative, they increase (because the greater the value of this 
indicator, the worse the locational accessibility). In the case of the potential accessibility indicator (where 
the higher the value, the higher the accessibility of the location being considered), this produces the 
opposite situation: if the correlation coefficient is negative, the effects are pro-cohesion; if positive, this 
indicates polarization effects (increased accessibility inequalities between cities).  

Pearson correlation 
coefficient of absolute 
variation of the 
indicator of 
accessibility and its 
base value 

The definition of this indicator is the same, except when we consider the absolute variation rather than the 
relative variation of accessibility. The distinction between relative and absolute variation in the values of 
the indicator of accessibility is relevant from the point of view of equity, for it is possible that a spatial unit 
of analysis is 'winning' in relative terms, but 'losing' (or "winning less”) in absolute terms. 
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It is worth noting that the comments made in the above table are informal 
in the sense that no mathematical formulation is presented here. 

3.4. The Modeling of the Transport Network and the Calculation of 
Indicators of Accessibility 

The spatial scope of this study is limited to the territory of the state of 
Minas Gerais plus 34 other municipalities in other states, which are 
characterized as important demographic and economic centers, with 
significant interactions with the Minas Gerais municipalities. 

To characterize the activities / opportunities available in the analyzed 
municipalities (853 in Minas Gerais and 34 more "external" cities), the values 
of their populations and gross domestic product (GDP) in 2004 were 
compiled, based on a series of data compiled by the Brazilian Institute of 
Geography and Statistics (IBGE). 

The road transport network was modeled in two temporal scenarios of 
analysis: a) "without the ProAccess", in which the physical and operational 
attributes of each link of the network correspond to the situation in 2004; b) 
"with the ProAccess", including the interventions (225 road accesses to cities 
hitherto devoid of this improvement) scheduled to happen until 2010. 

Since the goal of the study is restricted to the evaluation of territorial 
effects of planned interventions by the ProAccess, the physical and 
operational characteristics of the networks of other states, included to allow 
connections to Minas Gerais with 34 external nodal centers, as well as 
demographic and economical variables representative of the 887 
municipalities in the network, were kept constant in both scenarios, 
corresponding to the situation of 2004. Thus, variations of accessibility depict 
only improvements in the Minas Gerais network. 

The modeling of networks - in both scenarios of analysis - was made 
using a geographic information system (GIS) capable of network analysis and 
manipulation of algorithms for determining shortest paths (the TRANSCAD 
©), from representative attributes of traffic condition (via capacity, type of 
pavement, crossed relief, average speed, etc..) in the links between us. For this 
to happen, with the permission of the Secretary of State for Transport and 
Public Works (Setop), we used the digital system of roads and its 
corresponding base of alphanumeric and spatial data, especially built for the 
preparation of the Strategic Plan for Logistics of Transportation (PELT 
Minas). 

Transportation costs and travel times were calculated, differentiated by 
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type of transport (people by car / bus) and of freight (by truck), between 853 
source nodes (the municipal seats of Minas Gerais) and each of the 887 target 
nodes (the 853 municipal seats and 34 more seats of municipalities in other 
states). For this, we used the Highway Development and Management Model 
(HDM) model, widely used in transport studies conducted with the support 
of the previously mentioned TRANSCAD ©. 

This procedure enabled the production of four source-destination 
matrices in 853 x 887 dimensions, two of travel time (by car / bus) measured 
in hours, and two others of equal size, with the cost of trucking measured 
in(Brazilian Reais), covering 756 611 OD pairs, in the scenarios "without" and 
"with the ProAccess". 

From these impedance matrices of displacement between municipalities 
and considering the values of the variables characterizing the attractiveness 
and opportunities available in them, the accessibility indicators were 
calculated (Locational and Potential)for the 853 municipalities of Minas 
Gerais, in both scenarios of assessment ("without "and" with the ProAccess"), 
The input variables in their mathematical models are presented in the 
following table: 
 
Table 2. Input Variables for Calculation of Selected Indicators of 
Accessibility 

Indicator of 
Accessibility 

Type of 
Transportation 

Input variable per function type 
Attractiveness 
Function (or 

Opportunities) in “j” 

Impendence function 
for Displacement 

between “i”and “j” 
Locational People, per 

car or bus 
City Population (in 

2004) 
Travel Time(in hours) 

Potential Freight, per 
truck 

City GDP (in 2004) 
 

Operational Cost of Trip 
(in Brazilian Reais) 

4. ANALYSIS OF RESULTS 

4.1 Variations of Accessibility with the PROACESS 

The preselected accessibility indicators - Locational and Potential - were 
calculated for each municipality of Minas Gerais, in the two scenarios 
reviewed - "without the ProAccess" and "With the ProAccess". Table 1 
contains a summary of the statistical distributions of values of four 
accessibility results (each with 853 observations). 
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 Remember that, in the case of the Locational indicator, the higher the 
resulting value is, the lower the accessibility of the city, while a higher value 
of the potential indicator signals greater accessibility. 

Table 3. Summary of Distributions of Municipal Accessibility in Minas 
Gerais per Scenario Evaluation 

 
For each of the 853 municipalities of Minas Gerais, we calculated the 

relative and absolute variations of accessibility in the scenario "With the 
ProAccess", compared to the reference scenario ("Without the ProAccess"). 
 
Table 4. Summary of the Variations in City Accessibility in a scenario “With 
PROACCESS”, per Indicator, for a group of 853 municipalities of Minas 
Gerais 

 
With the implementation of interventions in the state road network that 

are predicted in the ProAccess Program, the average conditions of 
accessibility throughout the state of Minas Gerais are expected to improve, as 
expressed by the percentage changes shown above. Moreover, all of them 
with a positive sign (meaning there is no "losing municipalities" with the 
program). 

However, it should be noted that the rates of change are highly 
dependent of the accessibility indicator chosen for evaluation (and of the 
'category' of variation considered). In the case of the Locational indicator, the 
relative and absolute minimal variations and averages are virtually the same, 
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with the average variation around 2%, but with the absolute maximum 
variation 65% greater than the maximum relative.  

Considering the potential indicator, we see that the average and 
maximum relative variations are much more significant than their absolute 
variations, indicating that large individual gains, in relative terms, are in 
municipalities where the accessibility provided "without the ProAccess" lies 
in the lower levels of the scale, which did not occur in relation to higher 
individual absolute gains. 

Table 5, below, shows the average variation percentage, maximum and 
minimum of municipal accessibility (for both preselected indicators) 
considering only the 225 municipalities directly benefited from the program, 
which lacked paved road access to connect to the main road network in the 
state. 
 Table 5. Summary of Variations in the City Accessibility Scenario "With the 
ProAccess," per indicator, restricted to 225 municipalities whose accesses 
are included in the Program 

 
The rate of maximum change in accessibility, both relative as absolute, 

corresponding to municipalities belonging to this subset, with the average 
rate of variation in accessibility (whatever indicator or "category" of variation 
considered) is about three times larger than the observed average for the state 
as a whole (see Table 2). 

4.2. Mapping of the Distributions of Accessibility 

 The use of methods and spatial analysis techniques, including 
procedures of graphic expression, is the most important tool for data analysis 
in urban and regional studies and, in particular, in the geography of 
transportation. A first step is the production of thematic maps to display and 
describe the spatial distribution of the variables under study, in our case the 
spatial distribution of not only the absolute values of accessibility in Minas, 
but also its variations according to the program being evaluated.  
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 As a result of modeling procedures supported by GIS, several maps of 
the spatial distribution of accessibility were generated for this exploratory 
study. For the present study, we examine the local accessibility values in the 
two scenarios with the ProAccess, as well as their percentage distributions of 
absolute and relative accessibility changes, resulting in a set of 2x2x2 = 8 
maps. Not all of these are included in this work (for reasons of space). Six 
maps are presented, relating to distributions of municipal accessibility 
("Locational" and "Potential") in the reference scenario ("without the 
ProAccess") and variations in relative and absolute are presented in the 
scenario "with the ProAccess" (see maps 1-6 with graphic scale based on the 
standard deviation of the distribution of the mapped variable). 

 The analysis of these maps allows us to highlight the differences in the 
spatial patterns of accessibility, corresponding to each indicator and 
evaluation scenario aiming to reach conclusions. Although these are 
preliminary, we can see the role that the physical and operational 
configuration of networks, the geographical location, as well as the size of the 
social/economic municipal seats in the spatial distribution of accessibility 
levels play in the territory of Minas Gerais. 
 

  

 
Minas Gerais: spatial distribution of the 

Locational Indicator of Accessibility, in the 
scenario "Without the ProAccess" 

Map 1 

Source: Program PROACCESS PUC Minas - TIE 
 
 

N 
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Map 1 depicts the spatial patterns of municipal accessibility established 
by the Locational Indicator in the scenario "Without the ProAccess", which 
are both strongly associated with the geographic location of the seats of 
municipalities and the characteristics of the road network available. 

Indeed, the influence of the geographical location of the main nodes of 
the road network throughout the state territory leads to a general distribution 
of levels of accessibility in the center-periphery pattern, typical of the 
subcategory of distance-based indicators. The center-periphery contrasts are 
quite clear, with the highest levels of accessibility concentrated in the 
metropolitan region of Belo Horizonte and its immediate surroundings and 
unfolding in the integration axis of this region with the South of Minas. Such 
a development, with the spatial configuration of the corridor, is clearly 
associated with the effects of higher, already fully duplicated, level of 
efficiency of the "Fernão Dias" highway. This highway connects the 
metropolitan areas of Belo Horizonte and São Paulo. The territorial ranges of 
lower accessibility, defined by the Locational indicator weighted by 
municipal population, correspond to the regions of Minas with a higher 
spatial and demographic lag, especially north and east of the state, but also 
in the northwest and tip of the Minas Gerais Triangle. It is worth noting that 
these are regions where most of the 225 municipalities in the setting "Without 
the ProAccess" are concentrated, with no paved access road to connect to the 
main road network of the state and, consequently, with the main internal and 
external socioeconomic poles. 

Map 2 illustrates the relative variations of municipal accessibility in a 
scenario "With the ProAccess", in percentage of the absolute values of 
accessibility at baseline. 
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RELATIVE 

VARIATION 
0,2% to 1,9 %(548) 
1,9% to 4,8%(184) 
4,8% to 7,6%(64) 

>7,6% (57) 

Minas Gerais: spatial distribution of the 
relative variation of the Locational Indicator 
of Accessibility in a scenario “With the 
PROACCESS” 

Map 2 

Source: Program PROACCESS PUC Minas - TIE 
 

Map 3 depicts the absolute variations of municipal accessibility in a 
scenario "With the ProAccess", in percentage of the average value of the 
distribution of accessibility at baseline. 

In both cases, the resulting patterns are shown, in general, similar, with 
the "winning" municipalities of accessibility in a higher average variation 
percentage (around 2%) of the whole, strongly concentrated in the spatially 
lagging areas of the state. 
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ABSOLUTE 

VARIATION 
0,2% to 2,2%(650) 
2,2% to 6,0%(92) 
6,0% to 9,8%(68) 

>9,8%(43) 
Minas Gerais: spatial distribution of the Absolute 
Variation of the Locational Indicator of Accessibility 
in a scenario "With the ProAccess" 

Map 3 

Source: Program PROACCESS-PUC Minas - TIE 
 

It is worth noting, that by taking the absolute variation accessibility as a 
reference of analysis, we see that the number of municipalities with 
percentages below the state average is much higher (650) than when 
considering as reference the relative variation of municipal accessibility (548). 
 

 
 

POT 2 SPA INDEX 
<0,58 (0) 

0,58 to 9,94(54) 
9,94 to 27,93(510) 
27,93 to 63,90(89) 

>63,90(51) 
Minas Gerais: spatial distribution of the Indicator 
of Potential Accessibility, in a scenario “Without 
the PROACCESS” 

Map 4 

N 

Source: Program PROACCESS 
PUC Minas - TIE 
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Map 4 illustrates the spatial accessibility standards in the Minas Gerais 
territory associated with the Indicator of potential in a scenario "Without the 
ProAccess". 

The interpretation of these standards must take into account the joint 
effect of transportation cost, under the strong influence of the gravitational 
component in the form of the 'distance decay' function, and of the economic 
mass of municipalities (represented by the municipal GDP), in the spatial 
interactions between pairs of locations. This is why the municipalities with 
the highest levels of accessibility (potential above 45, in reference scale) are 
those located closer and with an improved means of communication (BR 381 
and BR 040, highlighted). These cities have the highest concentrations of 
economic activity (in this case, the metropolitan areas of Belo Horizonte and 
Sao Paulo and, to a lesser extent, Rio de Janeiro). 

Even though presenting similarity with the Locational Indicator in the 
configuration of the center-periphery, the spatial distribution of the Potential 
Indicator is not as markedly monocentric, noting pronounced polarization 
effects both in the metropolitan region of Belo Horizonte and in the end South 
of Minas closest to the metropolis (with potential above 64, in reference scale). 

\Unfavorable levels of accessibility match again, and also in a very clear 
way, with the municipalities in the north and northeast of the state and, 
conversely to the mapping with the Locational indicator, are less expressive 
in Northwest and tip of the Minas Triangle. The "high" levels of municipal 
accessibility in these latter two areas certainly results from the effect of certain 
"economic mass" of neighboring cities, such as the Federal District and some regions 
of São Paulo and some regional centers and cities of Uberlândia and Uberaba.  

Here it is worth remembering, as highlighted by MONZÓN et al. (2005) 
in similar Spanish case study, that "the distortions that produce infrastructure [in 
Mappings index values of Potential Accessibility] is also joining the resulting 
effect of the masses, and in the first indicator [the Locational], only act as a 
weighting factor for calculating the average access of times [the destinations 
considered in the network]”. 

Maps 5 and 6, presented below, illustrate respectively, the relative and 
absolute percentage changes of accessibility in city setting "With the 
ProAccess". 

In the case of relative variation (Map 5), the spatial pattern obtained also 
notes that the "winning" municipalities of accessibility with higher than the 
state average (8.7%) level are frankly concentrated in the north and northeast 
of the state, regions where most municipalities are located "without paved 
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access" (in a scenario "without the ProAccess"). Scattered points of gains (not 
so high) of accessibility are seen in the South of Minas and in the Zona da 
Mata area and basically correspond to a few of these small municipalities and 
regions devoid of paved access road (in the scenario "without the ProAccess). 
 

 

 
Relative Variation 
0,0% to 8,7%(653) 

8,7% to 28,6%(121) 
28,6% to 48,4%(45) 

>48,4%(34) 

Minas Gerais: Spatial Distribution of the relative 
variation of the Indicator of Potential Accessibility, 
in a scenario “With the PROACCESS” 

Map 5 

Source: Program PROACCESS-PUC Minas - TIE 
 

Contrary to what was reported in the previous paragraph, when 
analyzing the absolute variation of municipal accessibility (Map 6) there is a 
slightly different spatial pattern than the previous one. 

 

 
Absolute Variation 
0,0% to 3,3%(648) 
3,3% to 9,6%(120) 
9,6% to 15,9%(37) 

>15,9%(46) 

Minas Gerais: spatial distribution of the absolute 
variation of the Indicator of Accessibility, in a 
scenario “With the PROACESS” 

Map 6 

Source: Program PROACCESS-PUC Minas - TIE 

N 

N 
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The highest absolute gains of accessibility (above the threshold of 9.6%, 
which corresponds to the state average of 3.3% plus a standard deviation) are 
not received by the cities north and northeast of Minas, whose accessibility 
values are very low at baseline, but by small municipalities "without paved 
access" (referred to above), scattered in the South of Minas and Zona da Mata. 
These cities, as in the reference ("without the ProAccess") scenario, position 
themselves better in the range of accessibility (in general around the state 
average), because even devoid of paved access (the similarity of several 
municipalities located in peripheral areas of the state ), they are located very 
close to the main road network and also to major socioeconomic poles of 
Minas Gerais and neighboring states, which is of great relevance in 
measuring the indicator of potential. 

4.3. Preliminary Exploration of Spatial Patterns in the Distribution of 
Accessibility 

From a database of municipal accessibility indicators and from the set of 
thematic maps produced, we sought in the present study (also at the level of 
preliminary exploration), to detect the presence (or not) of geographical 
gradients, including the observation of a targeted and regular variation of the 
spatial distribution of accessibility. We also sought to determine the existence 
of statistically significant spatial patterns in the distribution of accessibility 
values or, on the contrary, if these values are randomly distributed in the 
Minas Gerais space. 

To this end, we performed a test of spatial autocorrelation with the 
values of the distributions of road accessibility of the 853 municipalities of 
Minas Gerais. Among the statistical measures commonly used for this type 
of testing, we opted for the Global Index Moran ("Moran's I")(4) This statistic, 
like a linear correlation coefficient has values typically ranging between -1 
and +1.  

 It is worth noting that in the present study, the exploration of the 
presence of the phenomenon of spatial dependence occurs only on a global 
scale; meaning that you get just one result of spatial association of municipal 
accessibility values for the state of Minas Gerais as a whole. In the following 
table, the values of the Moran's I statistic of the distributions of the two 
selected indicators, each in a scenario of the ProAccess Program: 
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Table 4. Moran's I Statistic of the Distributions of Accessibility in Minas 
Gerais, per Indicator and Evaluation Scenario  

`  
Obs.: the values shown are statistically significant with 
approximately 1000 permutations. 
 

These values are always positive and very high, very close to unity, and 
even show a slight increase in the scenario "with the ProAccess", whatever 
the considered access indicator. Thus, it appears to occur in global terms, the 
phenomenon of spatial dependence in the distribution of the variable 
analyzed, which means that values of accessibility in neighboring cities are 
similar between them (ie, high or low values of municipal accessibility have 
a tendency to agglomerate in the Minas Gerais space). 

4.3 Assessment of Effects on Territorial Cohesion 

In Table 5, we can see the calculation results of the preselected synthetic 
indexes of inequality for evaluating effects of the Program on territorial 
cohesion for four distributions of accessibility (2 indicators x 2 scenarios). 

The values and signs of the inequality indexes calculated indicate, either 
in static or dynamic comparative perspective, the probability of convergence 
processes with pro-cohesion effects, leading to a more balanced distribution 
of accessibility among Minas Gerais municipalities. This is as a result of the 
planned improvements of the ProAccess in the state's road network, which is 
consistent with the policy objectives of this investment program. The 
exception is the coefficient of Pearson correlation between the absolute 
variation of accessibility and the base value of the indicator. In the case of the 
indicator of potential, although the result is negative, it's quite close to zero, 
indicating the pro-cohesion is almost null. 

Therefore, it appears that from the methodological point of view, the 
choice of the indicator of accessibility is a key factor that influences 
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conclusions about the effects of policies or infrastructure programs on 
territorial cohesion. In the present study, consistent with results obtained in 
similar studies (not only GUTIERREZ et al 2001;. ESPON, 2004, and López-
Suarez, 2006, but also SCHÜRMANN et al, 1997 and Martin et al, 2004), the 
indicator of Potential Accessibility, strongly influenced by the "distance 
decay' impedance function, greatly enhances the spatial disparities in 
accessibility, given the coefficient of variation and Gini indexes of their 
distributions are much higher than those corresponding to the Locational 
Indicator of accessibility distributions. This does not internalize the effect of 
'distance decay' in their formulation. Thus, the pro-cohesion effects signaled 
by the indicator of Potential are much less pronounced than those 
foreshadowed by the Locational indicator, which is confirmed by the 
percentage changes in the coefficient of variation and in the Gini index of the 
distribution of the latter indicator (which are two times greater than those 
associated with the distribution of the Potential indicator.) 

 

Table 5. Indexes of Inequality of the Distributions of Accessibility, per 
Indicator and Scenario Evaluated 
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The results of this exploratory evaluation demonstrate that whatever the 
indicator of accessibility adopted as reference, there is a probability of very 
positive effects on territorial cohesion in Minas Gerais, depending on the 
projects of road paving predicted in the ProAccess Program. 

3. FINAL CONSIDERATIONS 

The present study demonstrates that the methodology adopted is an 
appropriate analytical tool to make strategic spatial effects assessments of 
policies on transport infrastructure in Brazil. Its potential implementation in 
such reviews is validated with a preliminary assessment of effects (Cohesion 
effects) of the ProAccess Program in the territorial cohesion of Minas Gerais. 
In the beginning, the results obtained in this preliminary evaluation suggest 
the occurrence of pro-cohesion effects, with an expected balanced 
distribution of levels of accessibility in the Minas Gerais territory in the 2011 
scenario (with the expected completion of the program). From the 
methodological point of view, some lessons have been learned and are being 
considered in efforts to expand and make the necessary improvements to 
guide the research that gives rise to this study. The most relevant are: i) There 
are several methods, indicators and input variables to measure accessibility 
values that are spatially distributed, and several methods to evaluate the 
contribution of political infrastructure for the objective of territorial cohesion, 
and these results may be partially distinct; ii) in particular, it is important to 
distinguish between relative and absolute convergence or divergence in 
levels of accessibility. 
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APPENDIX I 
THE PROACCESS Program (Proacesso) 

When analyzing the spatial distribution of the paved road network of 
Minas Gerais (with a total length of 22,700 km in 2003) and, consequently, the 
road density of its macro-regions, we find a significant inequality of this 
provision of economic infrastructure (see table below). 

 

Table 1: Regional Density of Paved Roads in Minas Gerais (2001)  

Region of 
Planning 

Area 
(1000 km2) 

Paved Network 
(km) 

Density (km / 
1.000 km2) 

Central 80,53 3.858 47,9 
Mata 35,85 2.347 65,4 
South of Minas 52,90 3.022 57,1 
Triangle 54,08 1.972 36,5 
Alto Paranaíba 37,03 1.671 45,0 
Midwest 31,74 1.692 53,2 
Northwest 62,89 1.156 18,3 
North of Minas 128,73 1.987 15,4 
Jequitinhonha – 
Mucuri 

62,89 1.168 18,5 

Rio Doce 41,73 1.574 37,7 
Minas Gerais 588,38 20.447 34,7 

Source: CESAR et al. (2002) 

 When considering road density, and the similarity to what is found in 
the spatial distribution of socio-economic variables such as GDP per capita 
and HDI, the Minas Gerais territory presents itself sectioned into two halves 
by an imaginary line that develops in the direction NW-SE. In the first half 
we include the North, Northwest and Jequitinhonha - Mucuri, plus part of 
the Rio Doce and Central regions, with a density of paved roads below the 
state average. In the other half, we include the Triangle, Alto Parnaíba, 
Midwest, South of Minas and Mata, as well as the southern portions of the 
Rio Doce and Central regions, where we see a predomination of micro-
regional densities of paved roads higher than the state average. 

In this context, it is also important to highlight the presence (in 2003) of 
225 municipalities of Minas Gerais (26% of the total mesh of municipalities) 
whose host city does not have a paved access road to the main road network 
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of Minas Gerais, served by poor roads in base coat or even in natural bed. 
It appears that non-paved municipal road access is spread across all 

regions of the state, but are heavily concentrated in those characterized by 
low road density and low levels of socio-economic development, as seen in 
the following figure: 

Figure 1: Minas Gerais – Spatial Distribution of Municipal Unpaved Roads 
Access (in 2003) 

 

Source: SETOP 

To remedy this serious infrastructural and socio-economic issue, the 
State Government has formulated and is conducting a Paving and 
Structuring Program of Links and Road Access to Municipalities - the 
ProAccess. Its goal is "to improve the accessibility of the inhabitants of 225 
small municipalities that are devoid of paved road connections to the main 
road network of the state." 

The total length of all the roads included in the ProAccess Program for 
improving and paving during the 2004-2010 period is approximately 5600 
km. 

The purpose of the program is to ensure appropriate conditions of access 
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to markets, social services and activities that generate employment and 
income through the provision of a more efficient ground transportation 
system. This can be obtained by reducing the time and transportation costs 
and increasing safety and reliability in operations. Ultimately, this ensures 
appropriate traffic conditions throughout the year.
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Chapter 33 

Towards a development of Spectral Signature database 
supporting soil and vegetation cover assessment, based 
on Egyptian case studies 

Abd Alla GAD and Ghada KHDERY 

National Authority for Remote Sensing and Space Sciences, Egypt 
 
 

Introduction  

The term “Spectral signature” refers to the radiometric feature, resulted 
due to the presence or absence of different surface absorption features, as well 
as location and form. Figure 1 illustrates an example of Vegetation 
Reflectance Curve, considered as spectral signatures for the plant. Each of 
other material and vegetation type is characterized by a unique spectral 
signature, as shown in Figure 3.  

 
Figure 1. Vegetation Reflectance Curve, considered as spectral signatures 

for the plant 
 

The aims of the analysis, at First of all, concern checking the relationship 
between soil physical and chemical characteristics, in one hand and spectral 
reaction in the other hand. It is also aimed to test the relation between plant 
species and status, on one hand, and spectral radiometric behavior of plant 
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sectors, on other hand. If such relation is confirmed, it would be worthy to 
call for developing soils and plant signatures database to support intensive 
survey needed in persecution farming and assist image processing.The 
Management processes of an agricultural systems depend on the success in 
production cost control and capability to increase productivity. Varity of 
analyses are needed to be elaborated and understood to obtain a better 
agriculture outcome response from same inputs (van Vuuren et al., 2006). The 
combined Visual and Near Infra-Red (VIS-NIR) technology has the 
potentiality to detect fine-scale spatial variability of soil. Moreover, results 
sound to be very accurate according to Viscarra Rossel and McBratney (2008). 
The same technology has been used in assessing grain, fertilizers and soil 
qualities, where results confirmed the rapidness, convenience to analyze 
many soil constituents at the same time (Ben-Dor and Banin, 1995; Faraji et 
al., 2004; Mohan et al., 2005). The optimized VIS-NIRS soil properties include 
determination of soil moisture, soil organic carbon content (SOC), electrical 
conductivity (EC), cation exchange efficient Capacity (CEC), soil acidity, 
other macro and microelements (Dunn et al., 2002; Velasquez et al., 2005). 
Absorption in the near-infrared spectral region (780.2500 nm) is dominated 
by molecules that contain strong bonds between light atoms. Specifically, 
these are molecules that contain C-H, N-H or O-H bonds. This fact confirms 
that the near infrared region is specifically useful for measuring forms of 
carbon, nitrogen and water, in a rapid and non-destructive analytical tool 
(Chang and Laird, 2002). 

1. Needs for frequent soil and vegetation monitoring 

The cultivable soil is a rather important element in agriculture 
sustainability. The equilibrium character of soil state with surrounding 
conditions interprets the soil dynamic nature. For instance, ground water 
level changes have its impact on the soil salinity hence on growing vegetation 
type and status.  

The success of agricultural sustainability depends on the permanent 
control on soil conservation and plant protection against diseases and 
nutrients deficiency. Different soil analyses processes are needed to be 
carried out, along crop production periods. Such continued monitoring 
allows to find out, in the right time, best inputs that can be applied for better 
proposed outcomes (van Vuuren et al., 2006). VIS-NIRS technology has the 
capability to detect spatial variations of soil at a fine scale. In addition, the 
findings can be very precise, as seen in their analysis by Viscarra Rossel and 
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McBratney (2008). Unfortunately, a change in mindset is required from the 
traditional soil and planting approach to the adoption of the VIS-NIRS system 
for precision agriculture, as van Vuuren et al. (2006) emphasized. AI-Abed, 
Samson and Lewis (1989) concluded that Precision farming, intensive data is 
collected to proceed with agricultural system activities. It is important to 
collect data resources capable of collecting reliable information on the field to 
support management decisions. Image processing techniques are one of the 
difficult methods that can be used to collect information on field conditions. 

2.Recent soil and vegetation monitoring technologies 

Coincidence and utilization of vast progress in scientific technologies are 
rather advantageous. For conserving all-natural terrestrial resources. Soil 
Survey is one of the services, within the NRCS. It provides technical 
assistance to help human being preserve, improve, and maintain their natural 
resources and climate. 

It should be highlighted that the main soil survey purpose and logic 
continue to be constant, however, the soil surveyor's ability to record, 
assemble, and present information has progressed. The major Such 
continuous soil data updates enables land managers to best manage natural 
resources. As soil moisture monitoring is the key to ensuring good irrigation 
management decisions soil scout is a recent developed good sensor example 
that enable land use related water and energy optimization in an exceptional 
detail and ease by providing a future-proof below-ground monitoring 
system. It provides the only wireless sensors capable of transmitting 
moisture, temperature and salinity data in near real-time out-of-sight 
performance from up to 2 meters / 6 feet below the surface. Understanding 
what's happening below the soil surface is critical for many industries. Soil 
Scout takes monitoring to the next level by providing a detailed view into in-
field variation, enabling our customers to expand the Precision Agriculture 
approach to all land use challenges, be that smart farming, irrigation control 
or turf quality optimization. Soil Scout provides critical insight into data from 
deep below the surface wirelessly, enabling 365x24 insight and profiling 
which allows end user to perform better, understand their operations deeper 
and reduce water and energy use by up to 50%. 

3.Spectroradiometers Instrument 

The technical market offers both types of spectroradiometers, a portable 
one equipped for Field measurements and other for laboratory ones. They are 
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available from 300 to 1000 nm in three wavelength ranges (Fig. 2). Portable 
Spectroradiometer is used for field measurements as well as laboratory 
measurements in three wavelength ranges from 340 to 1100 nm. 
Measurement of the spectral production (energy flux intensity, photon flux 
density or luminance of various radiation sources (often for plant, soil or 
human lighting), and reflectance and transmission measurements of natural 
and synthetic surfaces and materials (often plant Lab Spectroradiometers and 
canopies). 

 

Figure 2: Hand held 
Spectroradiometer Devices for 

collecting crop related 
information 

(A) Spectroradiometer, (B) 
SPAD 502, and (C) leaf area 

meter 
 

4.Spectro-Radiometric measurement for soils and vegetation  

Spectro-Radiometry is the spectral reflectance generated values, 
generated by the presence or absence, the location and shape of a particular 
material. Absorption characteristics “Signature of a material” is a Spectral 
Reflectance Curve. Such curve displays light reflectance from a surface 
within a wavelength range, such as paper. In the visible spectrum, as a way 
of determining the colour of the product as seen in figure (3) for soils, waste, 
and vegetation. Light absorption by leaf pigments dominates the reflectance 
spectrum in the visible region (400–700 nm) with respect to the vegetation. 
For photosynthesis, chlorophyll pigments a and b selectively absorb 
wavelengths of blue (400–500 nm) and red (600–700 nm). Less absorption 
over the "gray" wavelengths (500–600 nm) results in clear green appearance 
of good flora. In addition to the red and blue pigment, xanthophyll, the 
carotene portion, characterized by a yellow to orange-red pigment, causes 
strong absorption in the blue wavelengths (400–500 nm). Stressed vegetation 
blocks off a different spectral signature which correlates with the stress effect 
on the different pigments of the leaves. In comparison, wavelengths near-

A B 

C 
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infrared (700–1300 nm) are transmitted and reflected, dependent on leaf 
structural characteristics, which results in a high near-infrared (NIR) plateau, 
depending on the structural features of the leaf. The sharp rise in reflection 
between red and NIR regions is known as the red edge and is used in the 
identification of plant stress. The Middle Infrared (MIR) region (1300–2500 
nm) is dominated by soil and leaf water absorption, particularly at 1400 and 
1900 nm with the reflectance; When the water content of liquid leaves 
decreases (see Figure 3). 

 
Figure 3: Spectral Reflectance Curves of Water, Green grass, Dry Grass and 

Soil surfaces. 
 
The new approach sounding in soil sampling is the need for real time 
continuous soil monitoring. Such approach is generated by the precision 
farming to endorse the decision support, where extensive accurate data are 
used in the practice of the agricultural system. Early attempts involving 
spectroradometer in soil survey were to detect imaged soil and soil 
reflectance of textural features. The purpose was to create a correction factor 
to determine the soil parameters using the soil spectrophotometer in real time 
and to investigate the probability of using the textural image features to 
predict soil humidity in both surface and surface horizons. The soil 
spectrophotometer approach, as a real time information gathering tool, has 
been developed and tested both in field and laboratory (Shibusawa et al., 
1999, 2000; I Made, Anom et al.., 2000a; 2000b; 2001). The results show a very 
law prediction accuracy, in case original reflectance data were used without 
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any pretreatments. Applying pretreatments on reflectance values lead to 
increase the prediction accuracy, Moreover, it is recently realized that 
prediction of soil parameters changed with time and form of soil. Many 
attempts have been made to improve the accuracy and repeatability of the 
predictive models, such as observing the influence of the surface angle, 
surface condition and surface temperature on soil absorbance (Sato 2001). 
This was shown by the study that was made in the laboratory. The surface 
condition greatly affected soil reflectance; however, further observations are 
still needed to find out the surface condition role on soil reflection. The 
textural image analysis is applied in these experiments to search that soil 
surface condition effect on soil reflectance. A link between the textural 
characteristics of soil image and reflection have been used to assess the soil 
parameters, using a real time soil spectrophotometer values and to analyses 
the likelihood of use, predict soil humidity content and other underground 
soil parameters. 

5. Case Study: Spectral signature of Alluvial Nile soils, Al- Baheria 
governorate, Egypt 
5.1. General 
The case study is one of the early attempts to investigate the 

hyperspectral characteristics of alluvial soils of Nile Delta, in relation with 
plant species and status, at Al Baheria governorate, Egypt. Finding such 
relation would support the hypothesis relating object characteristics and 
spectral signatures. The results also assist to understand the vegetation 
structure responding to growth environment, including water and soil 
characteristics. Spectral reflectance of plants and soil surfaces were recorded, 
using ASD field Spec, Various hyperspectral indices for collected 
representative soil surface sites and associated plant covers. First the optimal 
waveband was chosen then the optimal wavelength to differentiate the taxa 
studied using ANOVA analysis.  

Al-Beheira Governorate is one of the most important Governorates in 
Egypt, Located in the Apartment north Delta region south of Alexandria. It 
is administratively sub-divided into 13 administrative districts or Markaz. 
Kowm Hamadah and Abu Al-Matamir are the largest two districts in the 
Governorate, covering 1683.5 and 1278.6 km2, representing 26.4% and 20.1% 
of the total area respectively. Gad (2011) referred, on bases of a developed 
land resources database (Figure 4) that the medium size districts are located 
in the alluvial landscape area (i.e. Kafr Al–Dawar, Abu Homos and 
Damanhour) ranging between 582.4 km2 and 389.9 km2, representing 9.1% to 
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6.1% respectively.  
 

 
Figure 4: Main soil conditions included in the database of Al-Beheira 
Governorate 
(Cited from Gad, 2011) 

Damanhour 

Kafr Al–Dawar 

Abu Homos 

Idko 

Hosh Eisa 
Ad - Dilinjat 

Rashid 
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The other districts (i.e. Rashid, Idko, Al-Mahmoideyah, Al-Rahmaneyah, 
Shubrakhit, Hosh Eisa, Itay Al-Baroud and Ad-Dilinjat) cover relatively small 
areas. Their areas range between 379.9 km2 in Al- Dilinjat and 197.7 km2 in 
Rashid district representing 5.9% and 3.1% respectively.  

The study area, Al-Beheira governorate, is located in the northern Nile 
Delta coast of Egypt. Its capital is the city of Damanhur. The name ”Al-
Beheira” means ‘the Lake’ in Arabic, and true to its namesake, the 
governorate is home to many water bodies of the Delta region. This 
governorate is particularly important because of the city of Rosetta, which is 
one of the most important port cities in Egypt. El-Beheira governorate is not 
a highly-populated region, and is rich in the cultivation of cotton, potato, and 
dates; giving rise to the related industries of potato processing, picking dates 
and cotton textile industry. 

The soil map Displays the distribution of different subgroups of soil, 
where the Vertic Torrifluvents, characterized by fine texture ranging from clay 
to clay loam, is dominating the soil types and It is concentrated in the alluvial 
region. It occupies an area of 3026.2 km2, accounting for 47.8 % of the land. 
The Traditional Torripsamments and Typic Torrifluvents sub-great classes 
conflict with the previous one within the 550.0 km2 and 428.8 km2 alluvial 
landscapes covering 8.7 % and 6.8 % respectively. The Typic Haplocalsids 
subgroup protects important areas around Idko and Mariout lakes, with a 
total of  536.7 km2 representing 8.5% of total Governorate.  

Limited patches of sub-great groups Typic Aquisalids, Typic Haplosalids and 
Typic Calcigypsids soil interfere with Typic Haplocalsids soils covering an areas 
of 28.0, 72.3 and 1.8 km2 representing 0.4%, 1.1% and 0.03% respectively. These 
soils are characterized by medium to fine texture and possibility of 
salinization and water logging 

 The Typic Quartizpsamments sub-great group, characterized by coarse 
sandy texture covering An region of 994,4 km2 (15% of the soil) situated in 
the south-western part of the Governorate, adjacent to sand dune areas. It is 
also interfered by the Typic Torriorthents sub-great group, covering small 
patches having an area of improved product km2 representing 1.7 % of total 
soil area. 
 
 
 
 

Table 1. Areas and frequencies of different soil types, Al-Beheira 
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Governorate 

 
The field and lab investigated area, in current study, was selected at the 

northwest of the governorate (Figures 5 and 6 ) representing common soil 
classes and plant species, found in AL-Bhaira governorate, demonstrated in 
table (1). Enhanced classified satellite images and thematic maps were 
utilised to correct the data geometrically. Field validation was practiced to 
collect ground control points, in addition to digging and describe soil profiles 
with collection of representative soil and vegetation cover samples for 
measuring the spectroscopy. Also growth conditions and environment were 
observed and recorded to find its impact on spectral values of soil. In case 
that a relation is confirmed, thus growth environmental conditions can be 
predicted and decision support maybe achieved via spectral characterization 
curves, integrating remote sensing technologies will be value added and may 
be utilized for early detection of vegetation stress. 

Type (Sub great group) Area (Km2) % 
Typic Aquisalids 28.0 0.4 
Typic Calcigypsids 1.8 0.03 
Typic Haplocalsids 536.7 8.5 
Typic Quartizpsamments 994.4 15.7 
Typic Haplosalids 72.3 1.1 
Typic Torrifluvents 428.8 6.8 
Typic Torriorthents 107.3 1.7 
Typic Torripsamments 550.0 8.7 
Vertic Torrifluvents 3026.2 47.8 
Consolidated rocky ridge 7.8 0.1 
High dune 430.9 6.8 
Sand dune 149.7 2.4 
Total 6333.9 100.0 
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Figure 5. Landsat satellite image shows variability of vegetation cover types 

at Al-Beheira Governorate 

B 

A 
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5.2. Spectral characterization of soil conditions 

The soil characterization Showed that changes in the reflectance and 
form of the spectral curves can be due to soil texture differences. The accepted 
correlation between the shape of NIR spectra and the soil texture agrees with 
the same truth (Mouazen 2005). In figure, mean spectral curves of different 
classes of soil texture are shown. Figure 6 concerns loamy sand textured soils, 
including > 70 % sand content, demonstrates relatively high reflectance. This 
reflection pattern is most probably due to the significant inclusion of quartz 
in the sand fraction, which raised the intensity of spectral reflectance 
(Webster 2007). The fine soil particles (I,e, Leather fraction) lead to the 
observed lower soil reflectance decreased when clay content dominated from 
phyllosilicates increased (Palacios 1998) and thus the organic carbon content 
increased. In general, soil reflectance was found to be relatively low in the 
Vis-NIR spectral domain, due to the high content of organic carbon. 

 
Figure 6: Spectral signature for soil of variable texture, Al-Baheria 
governorate, Egypt. 
 

5.3. Spectral characterization of vegetation types and status 
 

 The results showed that healthy cultivated plants induce higher 
reflectance values, in visible spectral bands, than infected ones, however 
healthy plants showed comparative higher reflectance throughout the whole 
spectrum. While all spectral zones, except short wave Infra-Red (SWIR), were 
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effective to differentiate between healthy plants and infected ones, blue and 
the red spectral zones were ideal for such differentiation. Hyperspectral 
technology can play a major role in the spectroscopic characterization and 
spectral identification of plant species found in Egyptian wadies and deserts, 
especially those of high medical value. It proved excellent capacity in 
identifying effective spectral areas for the classification and conservation of 
these species. 
 

6.Case Study Differentiation between different wild plants in North 
west coast of Egypt with GPS locations 

6.1. General 
 

The selected case study area is located at the Egyptian north western 
coast that extends from Eldabaa area in the east to the west of Fuka (30o 28' 
57.99" to 31o 41' 32.01" North) and from (26o 33' 35.36" to 28o 21' 25.41" East). 
The study case area (Figure 7) belongs administratively to the governorate of 
Matrouh with a total surface area of 17019 km2.  
 

 
Figure 7. Location and landscape of study case 2. North-western coast of 
Egypt 
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The case study of a coastal region is characterized by a humid climate, 
where average temperature for the air is 15 °C during the survey period in 
December 2018. The mean rainfall is around 11.42 mm.  

Comprehensive survey of the vegetation was carried out. , where 
representative samples of common plants species were collected and 
identified (Table 2) according to (Tackholm, 1974; Boulos, 1995, 1999, 2000, 
2002 and 2009).  
 

Table 2. Geographic Location of studied wild plants at study case North-
western coast of Egypt 

 Plant Location Longitude (E) Latitude (N) Plant Name- Habit؛
Road sides 2837.14 ΄50 ؛ 30 ΄΄58.44 ΄55 ؛΄΄ Zygophyllum album 

Non-saline 
depressions 

 Echinops ΄΄37.5 ΄47 ؛ 30 ΄΄48.84 ΄58 ؛28
spinossissimus 

Dabaa Transect 
Cave mouth  28º 12΄ 31.62΄΄ 31º 03΄ 41.16΄΄ Zilla spinosa 
Coastal sand dunes  28º 20΄ 05.52΄΄ 31º 04΄ 00.66΄΄ Atriplex halimus 

Matruh Wadis 
Wadi bed  27 º 59΄ 31.02΄΄ 31º 21΄ 44.82΄΄ Phlomis floccosa 
Wadi bed  27 º 01΄ 37.08΄΄ 31º 23΄ 42.48΄΄ Teucrium polium 
Wadi slope  27 º 03΄ 07.56΄΄ 31º 21΄ 54.90΄΄ Peganum harmala 

Maktala Transect 
Sand flats  26º 12΄ 06.66΄΄ 31º 30΄ 48.00΄΄ Urginea maritima 

Barrani Transect 
Sand dunes  25º 48΄ 30.78΄΄ 31º 36΄ 31.74΄΄ Arisarum vulgare 
Wadi beds  25º 48΄ 28.22΄΄ 31º 36΄ 32.36΄΄ Thymelaea hirsuta 

Sallum Transect 
Road sides 25º 15΄ 57.20΄΄ 31º 28΄ 50.22΄΄ Globularia arabica 
Saline depressions 25º 18΄ 41.04΄΄ 31º 30΄ 06.72΄΄ Limonium tubiflorum 

 
6.2. Defining plants optimum waveband zones 

 Spectral reflectance of the wild plants has been measured by 
spectroradiometer for the analytical field (ASD field spec). The spectral 
reflectance may be divided as follows into six spectral zones: blue (350-440 
nm), green (450-540 nm), red (550-750 nm), NIR (760-1000 nm), SWIR I (1010-
1775 nm), and SWIR II (2055-2315 nm).  

The wavelength generated by hyper spectral techniques can be regarded 
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as fingerprints in terms of number and location, as useful and efficient tools 
for identifying the samples studied. It was possible to distinguish and 
characterize a number of 11 natural plant types (Table 2). The measured 
values of vegetation spectral reflectance (Figure 8) indicate vegetable 
pigment concentration details, cellular structure, plant anomalies and 
humidity content, according to Wu et al (2008). The early practical utilization 
of spectral reflectance was oriented to determine pest infection in palm 
(Yones et al., 2014), in strawberry (Abdel Wahab et al., 2017). It is clear that 
that Near Infrared (NIR) and visible Blue spectral zone are the best for the 
discrimination between healthy and infected sugar beet plants. Fig. (9) shows 
the reflectance pattern of three plant; Prunus dulcis healthy and infected 
showing high similarity manner in reflectance but healthy Prunus dulcis 
reflectance is higher.  

Moreover, the different infections have its specific own distinct reflection 
pattern. Such distinctive reflections are attributed to diversity of causative 
condition and symptoms related to infection type that result in somehow loss 
or increase in leave elements. Spectral Reflectance analysis for Prunus dulcis. 

 

 
Figure 8. A number of ten wild plant species could be recognized by their 

spectral Signatures 
 

Table 3. The optimum wavelength for and NDVI Value for differentiating 
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between Plant species. 
 

Plant Name Wavelength (nm) NDVI 
Arisarum 
vulgare 

1463- 1485- 1507  
0.51149 

Asphodelus 
aestivus 

1193- 1215- 1237-1259- 1281- 1303- 1325-
1347- 1369-1391 

0.0210 

   
Atriplex halimus 969-991-1013-1035-1057-1079-1101-1123-

1145-1167-1189-1211-1233-1255- 1277-
1299-1321-1343-1365-1387-1409-1431-
1453-1475-1497-1519 

0.5368 

Echinops 
spinosissims 

808-830-852-874-896-918-940-962-984-
1006-1028-1050-1072-1094 

0.40009 

Glebionis 
coronaria 

1108- 1130- 1152- 1174- 1196- 1218- 1240- 
1262- 1284- 1306 

0.2967 

Peganum 
harmala 

515- 537- 603- 625- 735- 757- 801- 823- 
911- 955- 1087 

0.296792 

Phlomis 
floccosa 

1332-1354-1376 
0.57858 

Teucrium polium 1279- 1301- 1323- 1345- 1345- 1367- 1389- 
1411- 1433- 1455 

0.3253 

Thymelaea 
hirsuta 

946- 968- 990- 1012- 1034- 1056- 1078- 
1100- 1122- 1144- 1166- 1188- 1210- 1232- 
1254- 1276- 1298- 1320- 1342- 1364 -1386 -
1408 -1430 -1452- 1474 -1496 – 1518 -1540 

0.25467 
 

Urginea 
maritima 

1601 -1623 -1645 
0.56410 

Zilla spinosa 1247 -1291 -1313 -1401 0.1286 
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Figure 9. Spectral reflectance pattern for the three cultivated healthy and 

infected plants (cited from Yones, M. S. et al. 2019) 
 

Note: The difference in reflectance pattern is as a result for insect devastation 
that results in somehow loss or increase in leave elements.  
 

 
Figure 10. Spectral reflectance pattern for impact of chlorophyll on spectral 
reflection 
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6.3. Assessment and detection of pest infestation 
 

 Figure (10) indicates chlorophyll decrease at 550 nm, this result agreed 
with Elkins et al., 2002, as mites attacking almond trees, feeding on the leaves 
and remove chlorophyll.  It was found that hyperspectral data assist in early 
identification for a diseased plant (Rumpf et al., 2010). 

The technical and capability progress of sensors improve the ability of 
obtaining hyper spectral data and specify the amount of plant pigments and 
its change (Blackburn, 2007).- 

Assessment and detection of pest infestation was carried out in the study 
area from Dabaa to Foca. Twelve stands were selected to measuring plants 
spectrally. These stands were picked randomly at locations where there was 
considerable vegetation cover. Survey of pest infestation on sweet almond, 
citrus lemon trees and olives carried out during field observation. Spectral 
reflectance of all surveyed samples was laboratory measured by ASD 
spectroradiometer device to investigate healthy and infected plants. 

 
Figure 11. The Spectral Reflectance manner to Healthy and infected Citrus 
lemon by whitefly. 
 

Spectral analysis for the C. limon indicates water stress (Figure 11). The 
stress is clearly indicated at 950, 1150 and 1450 nm, coinciding with results 
obtained by El-Shirbeny (2012). It is also worth full to highlight chlorophyll 
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stress at 550 nm, which agrees with Onillon, 1990. Yones et.al. (2019) 
investigations on Tukey’s HSD test for C. limon revealed that red and blue 
spectral zones easily distinguish between healthy and infected C. limon. The 
same trend is found in Citrus lemon and Olea europaea (Figure 12). 

VIS-NIRS has been used for the assessment of grain, fertilizers and soil 
qualities in agriculture (Ben-Dor and Banin, 1995; Faraji et al . , 2004; Mohan 
et al., 2005) and has proven to be a simple and convenient means of 
simultaneously analysing several soil constituents. 

Calibrated soil properties with VIS-NIRS include soil moisture 
determination, SOC content, electrical conductivity ( EC), cation exchange 
capacity ( CEC), soil acidity, some macro- and micro-elements (Dunn et al., 
2002; Velasquez et al., 2005). 

 
Figure 12. The Spectral reflection manner to Healthy and infected  

Olea europaea by Prays oleae. 
 

Absorption in the near-infrared spectral region (780– 2500 nm) is 
dominated by molecules that contain strong bonds between light atoms. 
Specifically, these are molecules that contain C-H, N-H or O-H bonds. This 
makes the near infrared region particularly useful for measuring forms of 
carbon, nitrogen and water. VIS-NIRS is a rapid and non-destructive 
analytical technique that correlates diffusely reflected near-infrared radiation 
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with the chemical and physical properties of materials (Chang and Laird, 
2002). One interesting advantage of VIS-NIRS is that the size of spectrometers 
is rather small so that they can be field-portable (Christy, 2008). The objective 
of this work was to investigate the usefulness of VIS-NIRS in determining 
various soil chemical property (SOC content, soil acidity, content of available 
Mg, K, and P) and a single physical property (clay content) in topsoil (0–25 
cm) from a soil sampling grid field. With that aim in mind, two calibration 
schemes have been elaborated. Results discrepancies between the two 
calibration schemes are discussed in relation to predicted sample localization 
and soil texture variability.  

7.Conclusion 

It is hope to use the soil and plant spectral manner as indictor linked with 
their characteristics and status. Few successful stories have already started 
with appearance of the imaging spectrometers. Jeffrey et. al. (2002) developed 
a database to incorporate and reference other metadata (i.e. scientific 
progress Data, specifications of the equipment, documents of reference, 
photographs and images). User could manage to locate and extract signature 
of interest by searching and filtering utilities. Moreover, available application 
tools including two- and three-dimensional Visualisation, data on signatures, 
and matching surfaces, in addition to exporting data are currently available, 
, Likewise, A good prediction was elaborated for the soil moisture content by 
red channel feature correlation. Different study efforts were done to link the 
field information with textural image analyses (AI-Abed, Lewis and Samson, 
1989; Varvel et al. 1999; Shibusawa et al., 1999). 

The red channel correlation function also provided a strong predictor for 
the moisture content. The image processing technique is one of the difficult 
methods that can be used to gather field specific knowledge. Using AI-Abed, 
Lewis, and Samson (1989) used Cob-splitting technique for the separation of 
soil moisture groups used textural image analysis to estimate sludge 
moisture levels. While Varvel et al. (1999) attempted to use the aerial image 
to explain the spatial variability of cornfield organic matter and phosphorus 
levels. Another approach is the spectroscopic approach. Real time soil 
spectrophotometer has been developed (Shibusawa et al., 1999, 2CXX) and 
tested several times both in the laboratory and on the field (I Made Anom et 
al., 2001). The results showed, however, that if the original reflectance were 
used to predict the soil parameters without any pretreatments, the prediction 
accuracy was very low. When pretreatments were added to reflectance, the 
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prediction accuracy improved but with time and soil type the reflectance 
wavelengths used to predict soil parameters were increasing. Many attempts 
have been made to improve the accuracy and repeatability of the prediction 
models, such as observing the surface angle effect, surface condition and 
surface temperature on the soil absorbance (Sato, 2001).  
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INTRODUCTION 

All living things on earth continue to live in a certain balance. As 
mentioned in the sources of mythology, it is known that since the existence 
of human beings, their connection with plants will continue in the future and 
that plants are the most valuable gift given to man (Gezgin 2007). As a result 
of this connection, the ethnobotanical concept, which has been very 
important since the past and on which many pieces of research have been 
made, has emerged (Koçyiğit 2005). Ethnobotany ensures that the knowledge 
gained through trial and error is passed down from generation to generation 
and that this information is a guide to subsequent scientific studies 
(Farnsworth and Soejarto 1985). Human beings have benefited from plants in 
many areas (shelter, food, fuel, treatment, etc.) since ancient times (Baytop 
1999). 

Information on the use of plants is mentioned in the inscriptions of 
ancient civilizations, archaeological writings, and materials used in the 
Paleolithic period (Kaya 2010). People living in Anatolia from the Paleolithic 
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period to the present day have used many plants in different areas from 
generation to generation (Özbek 2005). Medicine, pharmacy, spices, soft 
drinks, soap, essences, aroma, ornamental, and landscape are many uses 
(Sıcak et al. 2013, Gül 2014). Archaeological findings from ancient ages 
showed that people used plants for any health problems or as food (Koçyiğit 
2005). In particular, they used extracts from plants for treatment to cure many 
diseases (Baytop 1999). The treatment with plants dates back to the 2700s BC 
in China. It is known that plants were used as food in ancient Egypt, and 
various plant extracts, such as Mint, were used in the mummification of 
deceased persons (Faydaoğlu and Sürücüoğlu 2013). 

‘Phytotherapy’, which is used for the first time by French physician 
Henri Leclerc (1870-1955) and means ‘treatment with medicinal plants’ 
(Farnsworth and Soejarto 1985), is a natural form of treatment in which plants 
are used, which has developed and continued from past to present since the 
existence of human beings (Colombo et al. 2011). Since the 19th century, 
herbal medicines have been produced from active substances extracted from 
plants and pharmaceutical institutes have started to be opened (Baytop 1999). 

When we look at the effects of herbal medicine production and trade on 
countries, the role of plants in treating diseases has started to decrease due to 
the positive developments in the pharmaceutical industry. However, due to 
the side effects of synthetic drugs and economic problems, the treatment with 
plants has become popular again (Özbek 2005). 

Today, the fact that synthetic drugs have more side effects has led people 
to treatment with herbal medicines and thus people from many different 
cultures around the world have started to adopt this method (Lubbe and 
Verpoorte 2011). Because of the lack of side effects of herbal medicines and 
they're being useful, there is increasing interest in drugs obtained by 
Phytotherapy science (Policepatel and Manikrao 2013). Research on the use 
of plants as medicine attracts more attention day by day (Baytop 1999). The 
World Health Organization reports that the rate of treatment with plants is 
80% in some countries, and about 4 billion people around the world use 
plants to treat diseases. Also, in some countries, about 25% of prescription 
drugs are found to contain plant-derived components (Farnsworth and 
Soejarto 1985). 

It is assumed that there are between 750.000 and 1.000.000 plant species 
on earth (Kaya 2010). According to the World Health Organization data, there 
are about 20 thousand plant species used for Phytotherapy in the world 
(WHO 1992). The formation of different use areas of medicinal plants, 
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especially after 1990, has led to the increasing consumption of many plants. 
Today, the medicinal plant market is estimated to be about $ 60 billion 
annually (Tilburt and Kaptchuk 2008). 

The number of plants used for herbal medicine in Turkey is estimated to 
be about 500. About 200 of these plants can be sold to foreign countries 
(Baytop 1999, Ekim et al. 2000, Aydın 2004). To support Modern medicine and 
enhance the treatment methods of developing countries, the World Health 
Organization initiated a traditional medicine strategies program between 
2001 and 2005 (WHO 1998). Based on this information, it is seen that Turkey 
has great potential to research medicinal plants (Kendir and Güvenç 2010). 

However, in parallel with migrations from the countryside to cities and 
evolving technology, new generations do not know the value of this treasure 
trove of information and risk being lost because this valuable information is 
not used. Therefore, it is necessary to record this valuable information in 
writing as soon as possible. This obligation is also important for the Turkish 
economy. The determination of which plants can be used in which regions 
can only be determined in the light of ethnobotanical studies and thus the 
information obtained from the public will contribute to the Turkish economy 
(Başaran 2003, Sadıkoğlu 1998). 

In light of this information, the importance given to medicinal plants in 
Turkey has increased in recent years and an increase in studies on 
ethnobotanical/ethnomedicinal use of plants has been observed (Satıl et al. 
2008, Yücel et al. 2008, Uysal et al. 2010, Uysal et al. 2012, Bulut and Tuzlacı 
2015, Güzel et al. 2015, Kökçü et al. 2015, Canlı et al. 2016a, Canlı et al. 2016b, 
Canli et al., 2016a, Canli et al. 2016b, Canlı et al. 2017a, Canlı et al. 2017b, Canli 
et al. 2017a, Canli et al. 2017b, Canli et al. 2017c, Güneş et al. 2017, Bozyel and 
Merdamert 2018, Güzel and Güzelşemme 2018, Yetgin et al. 2018, Bozyel et al. 
2019a, Bozyel et al. 2019b, Canlı et al. 2019, Yaşar et al. 2019, Bozyel and 
Merdamert-Bozyel 2020a, Bozyel and Merdamert-Bozyel 2020b, Bozyel et al. 
2020a, Bozyel et al. 2020b, Bozyel et al. 2020c, Erarslan et al. 2020). 

The Colchicaceae Family 
The family Colchicaceae, first described by De Candolle in 1805, is spread 

throughout temperate and tropical regions of Africa, Asia, Australia, Europe, 
and North America. It is a family of about 250 species (19 genera) perennial 
bulbous and rhizomatous plants. Many researchers suggest that these plants 
should be classified within the Liliaceae family. Therefore, the taxonomic 
status of some species is still uncertain. For example, the genus Colchicum is 
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classified to include the genera Bulbocodium and Merendera. However, some 
researchers make a distinction to encompass three genera based on sepal and 
tepal characters. Subgeneric taxa of the genus Colchicum, which includes 
several genera such as Bulbocodium, Fouha, Merendera, Monocarium, and 
Synsiphon are listed by Persson (2007).  

The high frequency of species and the presence of numerous endemic 
species in Turkey and the Balkans suggest that these regions are the main 
center of speciation and diversity (Brickell 1984, Persson 1993, Nordenstam 
1998, Persson 2000, Vinnersten and Reeves 2003, Persson 2005, Akan and Satil 
2005, Düşen and Sümbül 2007, Persson 2007, Kahraman and Celep 2010). 
Colchicaceae are perennial cormose or rhizomatous geophytes that contain 
nectar at the base of their tepals and therefore their flowers pollinated with 
the help of pollinator animals (Nordenstam 1998).  

All members of the family Colchicaceae contain colchicine, an alkaloid 
traditionally used to treat gout. Additionally, colchicine is used as a 
microtubule polymerization inhibitor in cytogenetics (Vinnersten and 
Larsson 2010). 

The Liliaceae Family 
The family Liliaceae is a large monocotyl family with a cosmopolitan 

distribution, mainly in tropical and temperate regions, with about 250 genera 
and 3500 species. The gene center of the family is South-West Asia and China. 
The family has spread mostly in the steppes and mountainous areas. It 
contains many taxa used as medicinal and ornamental plants. This large 
family was divided into many smaller families in itself by some researchers 
in the 1980s. These families are Alliaceae, Amaryllidaceae, Asparagaceae, 
Colchicaceae, Fritillariaceae, Hyacinthaceae, Tulipaceae, Alstroemeriaceae, 
Anthericaceae, Aphyllanthaceae, Asphodelaceae, Asteliaceae, 
Blandfordiaceae, Calochortaceae, Convallariaceae, Eriospermaceae, 
Hemerocallidaceae, Herreriaceae, Hostaceae, Hypoxidaceae, Melanthiaceae, 
Medeolaceae, Ruscaceae, Tecophilaeaceae, and Trilliaceae (Tutin and 
Heywood 1980, Bryan 1989, Valdes 2004, Dashwod and Mathew 2005, 
Simpson 2006).  

It was first introduced to the world of Science in 1789 by Antoine Laurent 
de Jussieu. The families identified as Liriaceae, Tulipaceae, Erythroniaceae, 
and Fritillariaceae are synonyms of Liliaceae (Tamura 1998, Takhtajan 2008).  

It has a natural spread in the Northern hemisphere and temperate 
Eurasia with 11 genera and about 550 species (Tamura 1998). According to 
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Simpson (2006), it is represented by 16 genera and about 600 species. 
In this study, we examined recent ethnobotanical studies to identify and 

list the ethnomedicinal uses of Colchicaceae and Liliaceae taxa, which are 
naturally spreading in Turkey, by local people. 

RESULTS 
As a result of the study, we found that two Colchicum taxa of the 

Colchicaceae family and three Fritillaria, two Lilium, and two Tulipa taxa of 
the Liliaceae family were used ethnomedicinally by local people in Turkey. 
One of the Fritillaria and Tulipa taxa are endemic (Table 1).  

Table 1: Colchicaceae and Liliaceae taxa were used ethnomedicinally by local 
people in Turkey. 

Plant species* Local 
name* 

Parts Usage form Intended 
use 

References 

Colchicaceae      
Colchicum 
speciosum Steven 

Şepart  Seeds Fresh Diuretic Akbulut & 
Bayramoglu, 2013 

Diaphoretic Akbulut & 
Bayramoglu, 2013 

Laxative Akbulut & 
Bayramoglu, 2013 

Crushed Rheumatism Akbulut & Özkan, 
2014 

Wounds of 
small cattles 

Akbulut & Özkan, 
2014 

Tubers Poultice Rheumatism Akbulut & 
Bayramoglu, 2013 

Colchicum szovitsii 
Fisch. & C.A.Mey. 

Katır 
çiğdemi 

Bulbs Raw eaten Medicinal Akgül, 2008 
Aerial 
parts 

Raw eaten Tonic Nadiroğlu et al., 
2019 

Leaves Decoction Diabetes Özaktan, 2009 
Liliaceae       
Fritillaria crassifolia 
subsp. kurdica 
(Boiss. & Noë) Rix 

Boz lale Bulbs Powdered Wounds Mükemre et al., 
2015 

Fritillaria pinardii 
Boiss. 

Mahçup 
lale 

Bulbs Powdered Wounds Mükemre et al., 
2015 

Bulb is cut into 
halves and 
warmed with 
olive oil 

Abscess Doğan, 2014 

**Fritillaria Sarı Flowers, - Medicinal Bağcı et al., 2016 
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wendelboi (Rix) 
Tekşen 

duguk Sap 
Bulbs Poultice Headache Bağcı et al., 2016 

Poultice Rheumatism Bağcı et al., 2016 
Lilium sp. Zambak Flowers Oil Skin firming Kökçü et al., 2015 

Oil Menstrual 
pain 

Kökçü et al., 2015 

Roots Crushed with 
Nasturtium 
officinale leaves 

Abdominal 
pain in 
infants 

Saraç et al, 2013 

Lilium candidum L. Akzambak  Leaves Crushed with 
olive oil 

Wounds Ugulu et al., 2009; 
Ugulu, 2011 

Crushed with 
olive oil 

Edema Ugulu et al., 2009; 
Ugulu, 2011 

Crushed with 
olive oil 

Toothache Ugulu et al., 2009; 
Ugulu, 2011 

Treatment with 
olive oil 

Wounds Ugurlu & Secmen, 
2008 

Tulipa armena 
Boiss. 

Hoşlale Bulbs Chew Halitosis Nadiroğlu et al., 
2019 

Crushed and 
wrapped in a 
cloth 

 Wounds (for 
animals)  

Doğan, 2014 

**Tulipa cinnabarina 
K. Perss. 

Karaman 
lalesi 

Bulbs Raw eaten Abdominal 
pain 

Bağcı et al., 2016 

*Güner et al. 2012, **Endemic taxon, “-“No information 
 

CONCLUSIONS 

This study includes two Colchicum taxa of the Colchicaceae family and 
three Fritillaria, two Lilium, and two Tulipa taxa of the Liliaceae family. It has 
been determined that the taxa of these families are mostly used by local 
people for wounds and rheumatism. It is the Colchicum genus that has the 
greatest number of ethnomedicinal uses. The most used plant parts are bulbs, 
flowers, and seeds. 

The human-plant relationship has been ongoing since the beginning of 
human history. Today, it maintains its presence in both developing and 
developed countries. There is a great wealth of ethnobotanical knowledge in 
Turkey. Today, migration from village to city due to economic reasons leads 
to the loss of this wealth of knowledge. To prevent this situation from getting 
worse, ethnobotanical studies need to be increased and this wealth of 
knowledge should be recorded both in writing and in visual records as soon 
as possible. 
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1. INTRODUCTION 
Entoloma P. Kumm. is a very species-rich genus encompassing about 

1500-2000 species (Noordeloos and Gates 2012, Morozova et al. 2014) 
distributed worldwide from equator to polar regions (Romagnesi 1941, 1956, 
Horak 1980, 1982, Baroni 1990, Noordeloos 1992, 2004, Largent 1994, Baroni 
and Halling 2000, Baroni and Ortiz 2002, Henkel et al. 2010, Karstedt and 
Capellari 2010, 2013, He et al. 2012, 2013, Noordeloos and Gates 2012, 
Morozova et al. 2014, Montañez et al. 2016, Kondo et al. 2017). Recent multi-
gene phylogenetic studies have indicated that the genus is monophyletic and 
sister to the genera Clitopilus and Rhodocybe (Moncalvo et al. 2002, Matheny et 
al. 2006, Co-David et al. 2009, Baroni and Matheny 2011). Entoloma is 
characterized by a pink to pinkish brown spore print and angular 
basidiospores (Vesterholt and Brandt-Pedersen 1990, Noordeloos 1992, 
Vesterholt 2002, Noordeloos 2004, Gröger 2006, Ludwig 2007, Noordeloos 
2008). Most species are saprotrophic on soil, wood or moss, others are 
ectomycorrhizal associated with certain tree species, or rarely parasitic on 
other mushrooms or plants (Antibus et al. 1981, Agerer and Waller 1993, 
Agerer 1997, Kobayashi and Hatano 2001, Montecchio et al. 2006, Noordeloos 
2004, 2008). 

In the present study, four interesting Entoloma species collected from 
Aegean and Black Sea Regions of Turkey have been analysed 
morphologically and molecularly (nrITS). Entoloma mougeotii var. mougeotii 
and E. queletii are reported for the first time from Turkey (Kaya and Öztürk 
1999, Sesli and Denchev 2008, Sesli et al. 2015, Solak et al. 2015). In addition, 
the nrITS sequences of Entoloma conferendum var. conferendum and E. undatum 
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are obtained for the first time as far as this country is concerned. 

2. MATERIALS AND METHODS 
2.1. Collection and Morphological Studies 
Entoloma specimens were collected from northern and south-western 

Turkey (Aydın, Artvin Denizli and Muğla Provinces) from 2015 to 2017. 
Macroscopical descriptions are based on field notes and photographs of fresh 
material. Microscopical structures were observed and measured in H2O, 5% 
KOH or Congo Red solutions. The following abbreviations are used in the 
descriptions: Lm for the average length of all the measured basidiospores, Wm 
for the average width of all the measured basidiospores, Q for the quotient of 
length and width of all the measured basidiospores, and Qm for the average 
of all calculated Q values for all basidiospores measured. At least thirty 
mature basidiospores from each basidioma were measured. The exsiccata 
were deposited at the fungarium of Isparta University of Applied Sciences 
(Turkey). 

2.2. DNA Extraction, PCR and DNA Sequencing 
The genomic DNA was extracted from all specimens using the ZR 

Fungal/Bacterial DNA MiniPrep kit following the manufacturer’s protocol 
(Zymo research, Irvine, CA, USA). Protocols for genomic DNA extraction, 
PCR amplification, and sequencing followed Kaygusuz et al. (2019). The 
ITS1F and ITS4 (White et al. 1990, Gardes and Bruns 1993) primer pair were 
used to amplify ITS regions. All PCR products were sequenced in Sanger 
DNA sequencing service (Source Bioscience, Berlin, Germany), with the same 
primer pair used in the PCR reactions. The raw DNA sequencing files were 
edited with Chromas Lite 2.1.1 (http://technelysium.com.au/wp/chromas/) 
and assembled with BioEdit 7.2.5 (Hall 1999). The edited sequences were then 
used for Basic Local Alignment Search Tool (BLAST) BLAST from GenBank 
(www.ncbi.nlm.nih.gov) and the UNITE (unite.ut.ee) database to analyze our 
sequence and find the taxa closely related to our specimens. 

2.3. Sequence Alignment and Phylogenetic Analyses 
The nrITS dataset comprised eighty-eight taxa, including four new 

sequences generated from this survey and further eighty-four related 
sequences downloaded from the NCBI (National Center for Biotechnology 
Information, Rockville Pike, Bethesda MD, USA) and UNITE database. All 
sequences were aligned by CLUSTAL X and the MAFFT (/version 7.110) 
programs (Katoh and Standley 2013). In addition, final alignments were 
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manually corrected via BioEdit and MEGA X. Both Maximum Likelihood 
(ML) and Bayesian Inference (BI) analyses were performed. Melanoleuca 
porphyropoda (KF220640) was used as the outgroup taxon. 

The ML analysis was run in the Cipres Science Gateway v.3.3 interface 
(http://www.phylo.org/portal2/) (Miller et al. 2010) using RAxML v.8.2.10 
(Stamatakis 2014), under a GTR+GAMMA substitution model with 1000 
rapid bootstrap iterations. The BI was carried out using Markov Chain Monte 
Carlo (MCMC) methods with MrBayes version 3.2.2 (Ronquist et al. 2012) for 
two independent runs, each with 106 generations with sampling every 1000th 
generation. Only Maximum likelihood bootstrap (MLB) values of ≥ 70% and 
Bayesian posterior probability (BPPs) values ≥ 0.85 are reported in the 
resulting tree (Fig. 1). The phylograms were displayed with FigTree v.1.4.3 
(Rambaut 2016). 

3. RESULTS AND DISCUSSION 
3.1. Molecular Phylogeny 
The final alignment contained a total of 88 ITS sequences with 999 

nucleotide sites (including gaps), of which 488 characters are constant, 132 
parsimony-uninformative and 379 parsimony-informative. In both ML and 
BI, the collection of Entoloma conferendum var. conferendum from Turkey 
clusters with twelve sequences of the same species, forming a well-supported 
branch (MLB = 100%, BPPs = 1.0, Fig. 1). The collections of E. mougeotii var. 
mougeotii are grouped together with six sequences related to other E. 
mougeotii collections with a statistically significant support value (MLB = 99%, 
BPPs = 0.99, Fig. 1). E. queletii is located on a long branch sister to E. albinellum 
(MLB = 100%, BPPs = 1.0, Fig. 1). The sequences of E. undatum from Turkey 
clusters with six sequences belonging to E. undatum collections, forming a 
statistically well-supported branch (MLB = 99%, BPPs = 0.99, Fig. 1). 
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Figure 1: Phylogenetic tree obtained from the maximum likelihood analysis of the 
ITS-rDNA dataset. Melanoleuca porphyropoda (KF220640) was used as outgroup. 
Support values (Maximum likelihood bootstrap - MLB ≥ 70% / Bayesian posterior 
probability - BPPs ≥ 0.85) are shown above individual branches. The branches are 
bold when MLB ≥ 95% and BPPs ≥ 0.95. Newly generated sequences from Turkey 
are marked in bold. 
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3.2. Taxonomy 
3.2.1. Entoloma conferendum var. conferendum (Britzelm.) Noordel., 

Persoonia 10(4): 446 (1980) Fig. 2 
Synonyms: Agaricus conferendus Britzelm., in Ber. naturw. Ver. 

Schwaben, Augsburg, 26: 140 (1881); Nolanea conferenda (Britzelm.) Sacc., Syll. 
Fung. (Abellini), 5: 723 (1887); Entoloma conferendum (Britzelm.) Noordel., in 
Persoonia, 10(4): 446 (1980); Agaricus dissidens Britzelm., in Ber. naturw. Ver. 
Schwaben, Augsburg, 26: 140 (1881); Nolanea dissidens (Britzelm.) Sacc., Syll. 
fung. (Abellini) 5: 723 (1887); Agaricus postumus Britzelm., in Ber. naturw. Ver. 
Schwaben, Augsburg, 26: 140 (1881); Nolanea subpostuma (Britzelm.) Sacc., 
Syll. fung. (Abellini) 5: 725 (1887); Rhodophyllus staurosporus (Bres.) J.E. Lange, 
FI. Agar. Dan. 2: 99 (1937); Entoloma staurosporum (Bres.) E. Horak, in Sydowia 
28(1-6): 222 (1976) [1975-1976]; Rhodophyllus staurosporus var. typicus Kühn. & 
Romagn., FI. Anal. 187 (1953); Rhodophyllus staurosporus var. platyphyllus 
Romagn. & J. Favre, in Revue Mycol., Paris 3: 77 (1938); Rhodophyllus 
staurosporus var. obscurior (Romagn.) Romagn, Revue Mycol., Paris 2: 86 
(1937); Rhodophyllus staurosporus var. subrugosus Romagn., Revue Mycol., 
Paris 2: 86 (1937); Rhodophyllus rickenii Romagn., in Bull. trimest. Soc. mycol. 
Fr. 48(3-4): 320 (1932); Rhodophyllus staurosporus subsp. rickenii (Romagn.) 
Romagn, in Revue Mycol., Paris 2: 86 (1937); Nolanea rickenii (Romagn.) 
Konrad & M. Agaricales, Encyclop. Mycol. (Paris) 14: 264 (1949) [1948]; 
Rhodophyllus staurosporus var. rickenii (Romagn.) Kühner & Romagn., Fl. 
Analyt. Champ. Supér. (Paris): 187 (1953). 

Pileus 40 mm broad, conical, hemispherical or campanulate, expanding 
to convex or plano-convex, with a low, broad umbo, hygrophanous, 
translucently striate, grey-brown, horn brown, strongly pallescent on drying, 
margin smooth and glabrous. Lamellae more or less crowded, adnate-
emarginate to free, narrowly segmentiform to broadly ventricose, pallid then 
pink with slightly irregular, concolorous edge. Stipe 70 × 2.5 mm, cylindrical 
or compressed, straight or sinuous, yellow-brown or grey-brown, densely 
silvery striate lengthwise appearing rather pale, pruinose at apex, base with 
white tomentum. Context pale brown-grey or yellow-grey in cortex of pileus 
and stipe, whitish or greyish in inner parts. Smell none or distinctly 
farinaceous. Taste usually slightly to strongly rancid. 

Basidiospores (8.8‒)10.0‒10.3(‒11.5) × (8.1‒)9.3‒9.6(‒10.9) μm, Lm × Wm = 
10.0 × 9.5 μm, Q = (1.0‒)1.1(‒1.2) μm, Qm = 1.1 μm, cruciform-stellate. Basidia 
29‒33 × 11‒14 μm, 4‒ spored, cylindrical ventricose to clavate, clampless. 



666 
 

Lamella edge fertile. Cystidia absent. Pileipellis a cutis with transitions to a 
trichoderm, particularly at centre of pileus, consisting of cylindrical hyphae, 
6‒13 μm wide, with terminal elements made up of slightly inflated cells 50‒
90 × 18‒32 μm, with abundant brown intracellular pigment. Clamp-
connections absent. 

3.2.1.1. Ecology 
Solitary from the middle of October, generally present over 1400 m of 

elevation, among fallen leaves, branches and wood fragments of Quercus 
pontica, especially on medium acidic non calcareous sandy soils which are 
rich in humus. Found in northwestern Turkey (Artvin). 

3.2.1.2. Specimens Examined 
TURKEY. Artvin Province: Borçka district, Camili Biosphere Reserve 

Area, under Q. pontica, on moist to wet acidic soil rich in organic matter, 1475 
m a.s.l., 10 October 2015, O. Kaygusuz (OKA-TR304; nrITS MT741744). 

 
Figure 2: Entoloma conferendum var. conferendum: A-C) Basidiomata in 
natural habitat, D) Basidiospores. Scala bars: A-C = 10 mm; D = 10 μm. 
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3.2.1.3. Discussion 
Entoloma conferendum var. conferendum is characterized by the greyish-

brown pileus strongly lustrous particularly when dry, usually with rugulose-
felted centre, the fibrillose-striate, twisted stipe and especially the 4-5-angled, 
basidiospores, cruciform-stellate (Noordeloos 1980, 1988, 1992, Noordeloos et 
al. 2012). E. conferendum var. conferendum might be confused with E. 
conferendum var. pusillum due to pileus colours, but the latter differs from the 
typical variety mainly in its small, slender habit and by growing on rotten 
wood. E. rhombisporum differs from E. conferendum var. conferendum in having 
a yellowish, polished stipe, cuboid spores and well-differentiated 
cheilocystidia (Noordeloos 1992). 

Phylogenetically, it has been determined that the Turkish collection of E. 
conferendum var. conferendum nested with twelve sequences belonging to E. 
conferendum collections, forming a well-supported branch (MLB = 100%, BPPs 
= 1.0, Fig. 1). Based on our molecular analysis, E. conferendum var. conferendum 
appears to be sister to E. mycenoides (Fig. 1) and this species forms a 
monophyletic group. 

E. conferendum var. conferendum is common and widespread throughout 
Europe (Horak 1980, Noordeloos 1980, 1988, 1992, Sesli et al. 2015). It grows 
in grasslands, marshes and meadows among Sphagnum, in damp places in 
deciduous and coniferous forest, from lowlands to alpine and arctic regions, 
including most temperate zones of both the Northern and Southern 
Hemisphere (Horak 1980, Noordeloos 1980, Noordeloos 1992, Horak 2008, 
Noordeloos 2004, Noordeloos et al. 2012). E. conferendum var. conferendum 
grows also in woods of Quercus pontica and this is the first report. 

3.2.2. Entoloma mougeotii var. mougeotii (Fr.) Hesler, Beih. Nova 
Hedwigia 23: 158 (1967) Fig. 3 

Basionym: Eccilia mougeotii Fr., in Quél., Mémoires de la Société 
d'Émulation de Montbéliard, sér. II, 5: 345 (1872); Rhodophyllus mougeotii (Fr.) 
J. Lange in Dansk bot. Ark., 2(11): 39 (1921); Leptonia mougeotii (Fr.) P.D. 
Orton, Transactions of the British Mycological Society 43 (2): 290 (1960); 
Entoloma ardosiacum var. mougeotii (Fr.) A. Pearson & Dennis, Transactions of 
the British Mycological Society 31 (3-4): 170 (1948); Leptonia serrulata var. 
berkeleyi Maire in Bull. Trimmest. Soc. Mycol. Fr., 26: 158 (1920). 

Pileus 25‒40 mm broad, at first convex then applanate, sometimes 
slightly depressed or umbilicate, tomentose, finely scaly especially at centre, 
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not hygrophanous, not translucently striate, bluish or violaceous grey, 
uniformly coloured, or more often darker at the centre. Lamellae adnate-
emarginate or with a decurrent tooth, medium spaced, white or cream, then 
pink. Edge entire, concolorous. Stipe 35‒65 × 2‒4 mm, central, cylindrical, 
straight, fibrillose, whitish with violaceous hues, violaceous grey or steel-
grey, often showing a white annular ring at apex, white tomentose at base. 
Context concolorous with surface in cortex, thin, fragile at stipe, easily 
splitting lengthwise. Smell indistinct or slightly aromatic. Taste mild to 
rancid. 

Basidiospores (‒10.5)11.5‒12.0(‒13.5) × (6.0‒)7.0‒7.5(‒8.0) μm, Lm × Wm = 
12 × 7 μm, Q = (1.4‒)1.6‒1.7(‒2.0) μm, Qm = 1.7 μm, heterodiametrical, with 6‒
9 pronounced angles in side-view. Basidia 25‒50 × 9‒12 μm, clavate, 4‒
spored, clampless. Cheilocystidia 17‒60(‒70) × 8‒18 μm, cylindrical to 
slenderly clavate. Pileipellis a trichoderm, made up of inflated cylindrical to 
clavate terminal elements, up to 10‒25 μm wide, with violaceous-brown 
intracellular pigment. Clamp-connections absent. 

3.2.2.1. Ecology 
Solitary or gregarious on humus-rich soil under Liquidambar orientalis in 

April in lowland localities. It grows in damp microclimates near the coast 
where the ground is always wet and soil is sandy-loamy, lime-poor, salt-free 
and with a pH between 7.0 and 7.5. Found in southwestern Turkey (Muğla). 

 
Figure 3: Entoloma mougeotii var. mougeotii: A-C) Basidiomata in natural 
habitat, D) Basidiospores. Scala bars: A-C = 10 mm; D = 10 μm. 
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3.2.2.2. Specimens Examined 
TURKEY. Muğla Province: Köyceğiz district, near Döğüşbelen town, 

under L. orientalis, 5 m a.s.l., 3 April 2015, O. Kaygusuz (OKA-TR171; nrITS 
MT741746). 

3.2.2.3. Discussion 
Entoloma mougeotii var. mougeotii is characterized by the violaceous-

brown tomentose pileus with involute margin, and sterile lamella edge with 
large cheilocystidia (Noordeloos 1992, Noordeloos 2008, Noordeloos and 
Polemis 2008). Young basidiomes of E. serrulatum may be confused with E. 
mougeotii var. mougeotii, but the former is easily distinguished on account of 
the blue lamella edge of serrulatum type (Noordeloos and Gates 2012). E. 
corvinum is very close to E. mougeotii var. mougeotii, and differs in the dark 
blue pileus without violaceous tinges (Noordeloos 1988). According to our 
molecular analysis E. mougeotii var. mougeotii is sister to E. glaucobasis, E. 
griseocyaneum, E. sodale and E. viiduense (Fig. 1), and these species form a well-
supported monophyletic clade. 

It grows in mossy grasslands, hayfields, and in open deciduous forests 
(Platanus orientalis, Olea europaea, Salix sp., Corylus sp., Cupressus sempervirens, 
Fraxinus sp., Alnus glutinosa, Alnus viridis), always on slightly to distinctly 
calcareous soil (Noordeloos 1992, Breitenbach and Kränzlin 1995, Noordeloos 
2008, Noordeloos and Polemis 2008). The collections of E. mougeotii var. 
mougeotii from Turkey are the first findings from Liquidambar orientalis woods. 

3.2.3. Entoloma queletii (Boud.) Noordel., Cryptog. Mycol. 4(1): 37 (1983) 
Fig. 4. 

Synonyms: Leptonia queletii Boud., in Bull. Soc. bot. Fr. 24: 307 (1878) 
[1877]; Rhodophyllus queletii (Boud.) Quél., Enchir. Fung. (Paris): 61 (1886); 
Alboleptonia rubellotincta Largent & Watling, in Mycologia 78(1): 132 (1986). 
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Figure 4: Entoloma queletii: A) Basidiomata, B) Basidiospores. Scala bars: A = 
10 mm; B = 10 μm. 

Pileus 20‒35 mm broad, convex-umbilicate to concave, with involute 
then deflexed margin, slightly depressed to umbilicate center, not 
hygrophanous, not translucently striate, distinct pink-lilaceous, turning 
uniformly ochraceous, entirely tomentose. Lamellae, moderately crowded, 
adnate-emarginate or with a decurrent tooth, medium spaced, white, then 
pink; edge concolorous. Stipe 40‒65 × 2.0‒2.5 mm, cylindrical or compressed, 
equal or sometimes broadened at base, yellow to yellow ochre, densely 
white-fibrillose striate. Context pale pinkish. Smell none. Taste indistinct. 

Basidiospores (10.5‒)11.0‒11.5(‒12.5) × (5.5‒)6.5‒7.0(‒7.9) μm, Lm × Wm = 
11.4 × 6.7 μm, Q = (1.4‒)1.7‒1.8(‒2.0) μm, Qm = 1.7 μm, heterodiametrical, 5-7-
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angled in side-view. Basidia clavate, 4-spored, clampless. Lamella edge 
fertile. Cheilocystidia 25‒75 × 8‒22 μm, cylindrical to subclavate, with often 
flexuose. Pileipellis a trichoderm composed of cylindrical or inflated terminal 
cells, 20‒82 × 12‒28 μm, with intracellular pigment. Clamps absent in all 
tissues. 

3.2.3.1. Ecology 
Mainly appearing from the middle of March, usually present over 500 m 

of altitude; fruiting bodies solitary or gregaroius, terrestrial, in mossy areas 
with calcareous soil, Populus tremula L. forests. Found in southwestern 
Turkey (Denizli). 

3.2.3.2. Specimens Examined 
TURKEY. Denizli Province, Kale district, near Yenidere village, under of 

P. tremula in calcareous soils, elev. 550 m, 12 March 2017, O. Kaygusuz (OKA-
TR1002; nrITS MT741747). 

3.2.3.3. Discussion 
Entoloma queletii is recognized by its distinct pink-lilaceous pileus with 

ochraceous centre, its yellow to yellow ochre, densely fibrillose-striate stipe 
and cylindrical, straight to sinuous cheilocystidia, (Noordeloos 1988, 1992, 
2008, Breitenbach and Kränzlin 1995). Morphologically E. queletii is very 
similar to E. kervernii, from which it mainly differs by a pink pileus and 
somewhat larger basidiospores (Breitenbach and Kränzlin 1995, Noordeloos 
2008). 

According to our phylogenetic analyses (Fig. 1), E. queletii is closely 
related to E. albinellum. Besides E. queletii clustered together with E. albinellum 
and E. duplocoloratum with strong statistical support (MLB = 85%, BPPs = 0.88, 
Fig. 1) and these species form a monophyletic group. 

Ecologically, E. queletii usually occurs on humus-rich soils and is 
associated with certain tree species, such as Alnus sp., Betula sp., Fraxinus sp. 
and Populus sp. (Noordeloos 1988, 1992, 2008, Breitenbach and Kränzlin 
1995). 

3.2.4. Entoloma undatum (Fr. Ex Gillet) M.M. Moser, Kleine 
Kryptogamenflora - Die Röhrlinge und Blätterpilze (Agaricales), Bd II b/2, ed. 
4 (Stuttgart) 2b/2: 211 (1978) Fig. 5 

Basionym: Agaricus undatus Fr., Epicrisis Systematis Mycologici: 149 
(1838) non A. undatus Berk., (1836); Clitopilus undatus Fr. ex Gillet, Les 
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Hyménomycètes ou Description de tous les Champignons qui Croissent en 
France, 407, (1876); Eccilia undata (Fr. ex. Gillet) Quél., Bulletin de la Société 
des Amis des Sciences Naturelles du Musée de Rouen, sér. II, 15: 157 (1880) 
“Champ. Jura Vosges 4”; Rhodophyllus undatus (Fr. ex. Gillet) Quél., 
Enchiridion Fungorum in Europa media et praesertim in Gallia Vigentium: 
62 (1886). 

Synonyms: Agaricus undatus var. viarum Fr., Hymenomycetes Europaei: 
199 (1874); Rhodophyllus undatus var. viarum (Fr.) Romagn., in Kühner & 
Romagnesi, Fl. Analyt. Champ. Supér. (Paris), 183 (1953); Entoloma undatum 
var. viarum (Fr.) Courtec., in Courtecuisse, Priou & Boisselet, Docums Mycol. 
16(62): 11 (1986): Rhodophyllus undatus var. odorus J. Favre, Assoc. fong. Hauts-
Marais, 10(3): 212 (1948); Eccilia sericeonitida P.D. Orton, Transactions of the 
British Mycological Society, 43(2): 174 (1960); Entoloma sericeonitidum (P.D. 
Orton) Arnolds, Ecol. Coenol. Macrofungi Grassl. Heathl. Drenthe, 
Netherlands, 3: 350 (‘1982’) (1983); Entoloma undatoides Ecol. Coenol. 
Macrofungi Grassl. Heathl. Drenthe, Netherlands, 3: 352 (‘1982’) (1983). 

Pileus 25-60 mm broad, convex to concave, usually deeply umbilicate, 
with slightly to distinctly involute margin when young, then straight or 
reflexed in old specimens, not distinctly hygrophanous, not translucently 
striate, dark grey-brown, sometimes paler with age, or appearing pale grey-
brown from the aeriferous covering, densely radially fibrillose with 
adpressed to loosely attached silvery-greyish fibrils, often with one or more 
concentric zones, shiny, especially when dry. Lamellae, crowded, decurrent, 
arcuate, grey or brown, then tinged pink, with entire, concolorous edge. Stipe 
40-70 × 2.0 mm, cylindrical or compressed, pale brown to yellow, paler than 
pileus, smooth or finely white pruinose in upper part. Context thin, 
concolorous with surface. Smell none or distinctly farinaceous. Taste none or 
farinaceous to rancid. 

Basidiospores (8.5‒)8.8‒10.3(‒11.1) × (5.7‒)6.0‒7.1(‒7.4) μm, Lm × Wm = 9.5 
× 6.5 μm, Q = (1.3‒)1.4‒1.5(‒1.6) μm, Qm = 1.5 μm, 6-8-angled in side-view 
with weak, rounded angles. Basidia clavate, 4-spored, clamped. Lamella edge 
fertile. Cheilocystidia absent, rarely some scattered, (sub)globose of fusoid 
elements occur. Pileipellis a cutis of radially arranged, cylindrical to clavate 
terminal elements up to 15 um wide. Pigment yellow-brown, membranal and 
encrusting. Clamps present in all tissues. 

3.2.4.1. Ecology 
Solitary or gregarious, mostly in coastal thermophilic pine forests and 
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scrubland in Mediterranean ecosystems, in sandy soils which are developed 
from calcareous rocks containing various levels of CaCO3. Found in 
southwestern Turkey (Aydın). 

3.2.4.2. Specimens Examined 
TURKEY. Aydın Province: Kuşadası district, under Pinus brutia, 30 m 

a.s.l., 04 April 2016, O. Kaygusuz (OKA-TR1401; nrITS MT741745). 
 

 
Figure 5: Entoloma undatum: A) Basidiomata, B) Basidiospores. Scala 

bars: A = 10 mm; B = 10 μm. 
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3.2.4.3. Discussion 
Entoloma undatum, a member in section Undati (Romagn.) Noordel. of 

subgenus Claudopus, is characterised by basidiospores distinctly 
heterodiametrical and pileus not hygrophanous, not translucently striate, 
entirely subtomentose or radially fibrillose, frequently more or less zonate 
(Noordeloos 2004). E. undatum shows morphological similarities to E. 
crepidotoides, E. rusticoides and E. phaeocyathus but it can be distinguished by 
its non-crepidotoid basidiomes, well-developed stipe and gray-brown pileus 
and heterodiametrical basidiospores (Noordeloos 2004). The sequences of E. 
undatum is nested within the Entoloma subgenus Claudopus clade with 
significant statistical support (MLB = 100%, BPPs = 0.99, Fig. 1). In our ITS 
phylogeny (Fig. 1), E. undatum has a close relationship with E. albogriseum, 
and together they appear to be sister to E. byssisedum, E. platyphylloides and E. 
cf. undatum. Recent phylogenetic studies have been confirmed that E. 
undatum formed a separate branch within the Claudopus clade (Morozova and 
Noordeloos 2014, Vila et al. 2014, He et al. 2015, 2019, Morozova et al. 2018). E. 
undatum is common and wide-spread all over Europe (Noordeloos 1988, 
1992, 2008, Breitenbach and Kränzlin 1995, Boccardo et al. 2008, Sesli and 
Denchev 2008, Morozova and Noordeloos 2014, Solak et al. 2015, Vila et al. 
2014, He et al. 2015, Morozova et al. 2018, He et al. 2019). Ecologically, E. 
undatum grows in open spots, grassy or mossy places, on poor, sandy soil, in 
deciduous forests, but also under Juniperus and in Pinus (Pinus brutia and P. 
pinea) plantations (Noordeloos 1992, Kaya and Öztürk 1999, Boccardo et al. 
2008, Noordeloos 2008, Solak et al. 2015). Pinus brutia is reported here as a 
host of E. undatum. 
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