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ABSTRACT: In this study, it was tried to determine whether visual features are effective in
the wooden toy preferences of children with educable intellectual disabilities. The dynamics of
this study are the fact that cognitive disability have the highest number among the educable
disability groups, the use of toys as educational materials in this target group, and the limited
academic studies on this type of disability. Three different toy groups were manufactured from
pine wood for the study. Each group consists of four toys whose surface treatment is colored
in four different ways. These toys are offered periodically to cognitive disability children of
different genders, disability rates, and ages. From the data obtained, it was concluded that the
gender, and disability rates were significantly effective in the wooden toy color preferences of
individuals, still the effect of age differences was insignificant.

Keywords: Wooden toys, visual design, disabled children

OGRENME GUCLUGU OLAN COCUKLAR ICIN AHSAP OYUNCAK
GORSEL TASARIM KRITERLERININ ARASTIRILMASI

OZET: Bu caligmada egitilebilir diizeyde 6grenme gii¢liigii bulunan g¢ocuklarin ahsap
oyuncak tercihlerinde gorsel 6zelliklerin etkili olup olmadig1 tespit edilmeye ¢alisiimistir.
Ogrenme giicliigiine sahip ¢ocuklarin, egitilebilir engel gruplari i¢inde en fazla sayiya sahip
olmasi, oyuncaklarin bu hedef kitlede ayn1 zamanda egitim materyali olarak da kullanilmasi ve
bu engel tiiriine yonelik akademik caligmalarin oldukea kisitli olmasi bu ¢alismanin dinamigini
olusturmustur. Calisma i¢in ¢gam agacindan {i¢ farkli oyuncak grubu tiretilmistir. Her grup farkli
ist ylizey islemi yapilmis dort cesit oyuncaktan olusmaktadir. Bu oyuncaklar periyodik
stirelerde farkl cinsiyet, engel oran1 ve yasa sahip bireylerin begenisine sunulmustur. El edilen
verilerden bireylerin cinsiyet ve engel oranlarinin ahsap oyuncak tercihlerinde anlamli olarak
etkili oldugu, ancak yas farklarinin etkisinin anlamsiz oldugu sonuglarina ulagilmstir.
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Anahtar kelimeler: Ahsap oyuncak, gorsel tasarim, engelli ¢ocuklar

INTRODUCTION

Children with intellectual disabilities are children who differ by two standard deviations from
the average compared to their normally developing peers in terms of mental functions, and
accordingly have deficiencies or limitations in conceptual, social, and practical adaptation
skills, and need special education, and supportive education services. Children with intellectual
disabilities who need special education have some characteristics that are different from those
with normal development after birth. One of the common characteristics of children without
disabilities that they need to play. The has an important role in discharging their inner energies,
gaining experience, and supporting their development in general (Ozyiirek, and Akga 2015).

Among the many factors that will affect children's preferences, the biggest share is usually the
features that determine the appearance of the toy. The most important criteria that determine
the appearance properties of game materials are material, and color. As children's tastes, and
preferences become clear during their physical, and mental development, their views, and
understandings about color begin to form. The colors they want to be around reflect their inner
world, and reveal the psychological state of the child. Age is an important factor in color
preference, and color preference changes with age and maturity. There is no consistency in
color preference in children before the age of three. Color is an element that should be
emphasized in design because of its psychological effect on people. This effect is also very
important in toys that children will use (Elibol ez al. 2006).

According to OECD (Organization for Economic Development and Cooperation) - EU
(European Union) and Turkey data, approximately 15% of the world's population is made up
of disabled people. In other words, there are 1 billion disabled people in the world. According
to the Turkish Disabled and Elderly Statistics Bulletin, the number of disabled people in 2021
is 2,511,950 people, of which 1,414.643 are men, and 1,097,307 are women. 40.63% of the
total disabled population is chronic, 17.07% is mental, 13.78% is orthopedic, 9.53% is sight,
7.97% is hearing, 7.57% is mental, and emotional, 1.49% language, and speech, and 1.96%
other disabilities. (URL-1, 2022). According to the educable groups other than chronic disease,
the type of disability with the highest number of disabilities among mental, orthopedic, speech,
and visual disabilities is the type of mental disability. On the other hand, it has been reported
that 90% of intellectual disabilityhave mild mental retardation at a trainable level (Giiller,
2014). Therefore, it can be said that the most crowded group among the disability types is mild
intellectual disability and the group that needs the most academic work.

Many studies have been done on toys or wooden toys in the literature. In one of these studies,
Usta (2022) introduced wooden toys by naming them in 27 categories and 118 sub-categories
for pre-school children aged 0-6 (0-72 months). However, very limited studies have been
conducted on the toy preferences of children with disabilities. Besirik, and Tiirkmen (2021)
examined the factors affecting the toy selection of physically handicapped children. They
determined that being physically disabled affects the toy selection of children, and especially
mothers. Ozyiirek, and Akga (2015) examined the types of toys most and least owned by
individuals and families affected by intellectual disability. They also stated that these children
first preferred cars, and baby toys. Patrizia et. al (2009) designed a robot to meet the
heterogeneous needs of children with autism, children with moderate intellectual disability,

and children with severe motor disabilities. In the experiments, they stated that the robot could
2
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be used for special training, and guidance. Er and Ilik (2022) examined the relationships
between the type of disability, and learning disability, the mother's right to choose when buying
toys for her child, and the toy type variables. Arai et al. (2017) created a toy model for disabled
children with 3D computer graphics. Experiments confirmed that children with disabilities
significantly improved their spatial cognition. Deshpande, and Ranavaade (2021) conducted a
study on the importance of toy play in the education of the disabled.

In one of these studies, Usta (2016), wood is a natural, and readily available material. Wood
has been one of the basic raw materials used in toy making since ancient times. Wood is also
an indispensable material in meeting many needs of human beings. One of the biggest reasons
for this is that wood is a renewable, and sustainable material. Wood, which is of great
importance in all areas of life, is also used as a manufacturing, and building material because
it is manufactured from wood, which is a natural material. Wood; It is among the most used
materials in the toy industry, with its easy shape, chemical composition, and anatomical
structure, advantage of its mechanical, and physical properties, and being able to be used in
harmony with different materials (Onur, and Ondogan, 2020). PVC toys are extremely harmful
to the environment. Low-quality PVC is also harmful to baby's health. Low-cost PVC Toys, in
particular, contain toxic chemicals that harm children in more than allowed quantities. All these
factors show that PVC toys cause irreversible damage to the environment, and human health.
(Biswas, 2021).

Elements such as form, color, texture, durability, reliability, and usefulness are taken into
account in industrial product designs. However, it has been determined in the literature that
visual perceptions are more effective in the product preferences of intellectual disability
individuals. On the other hand, toys are used in many educational methods for the mentally
handicapped. Toys for educational material purposes are quite common. Studies on the effects
of visual features on people, their use in education, and treatment, and their use in the design
of games, and educational materials are increasing day by day. However, studies in this field
have not focused enough on wood materials with sustainable, healthy, ecological, and
economic properties. The aim of this study is to investigate whether there is an interaction
between the demographic characteristics of individuals, and toy visuals in the wooden toy
concentration of educable intellectual disability children. Within the scope of the study, it is
thought that the reasons for the preference of wooden toy images that children prefer can be
used as product design criteria, and that children with the same characteristics will increase
their concentration on play, and education.

MATERIAL AND METHOD
Material

In this study, it was tried to determine the wooden toy design criteria for children with
intellectual disabilities. For this, wooden toys were manufactured in three different groups from
pine wood. In terms of the reliability of the findings, it was tried not to choose toy groups that
directly appeal to a gender.

Group 1: It is a pull toy. When this toy is pulled from the rope, the tail, body, and head parts
move eccentrically as the wheel axles are off-center. The pulling toy is shown in Figure 1.a
below.
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Group 2: It is a clown toy. In this toy, when the clown's head is touched, it somersaults, and
moves forward. Then he does a backflip, and then stops doing somersaults. The clown toy is
shown in Figure 1.b below.

Group 3: The wheel is a toy. It consists of two wooden wheels, and 3 wooden supports that
guide them. An object is needed to make tires, and weights. Metal apparatus is used as a weight
in this toy. When the toy is pushed by hand, the wheels turn, and move forward. However, the
metal apparatus prevents the tire from turning, and the tire bends, and collects the potential
energy. In this way, the wheel pushed forward stops after a while, and comes back on its own
thanks to the flexing, and bending tire. The returning wheel toy is shown in Figure 1.c below.

- ’

Pﬁil oy (b) Clown Toy (c¢) Whegl Toy

i

Figre 1 (a)

There are four toys in each group. The toys in each group are the same in shape, and form.
However, the surface treatments at the toy production stage are different. In other words, their
visual features are differentiated. Each of the three toys in each group was coated with red,
blue, and yellow water-based semi-covering paints. The fourth toy is covered with acrylic-
based transparent varnish. The natural state of the wood looks bright on the varnished toy. In
toys that are covered with semi-covering paints, the wooden material texture of the toy is
painted in such a way that it does not disappear. In order not to complicate the decisions of
cognitive disability individuals in choosing toys, only four different surface treatments were
preferred. The reason why the toy colors are chosen as yellow, blue, and red is that these colors
form the main colors. Other colors consist of a combination of primary colors. In addition,
varnished transparent wooden textured toys, which is a common toy production method, are
offered as an alternative.

Method

The research is in a descriptive survey model, and aims to reflect a situation. In the
determination of the study group, the easily accessible sampling method was used, in which
the sample consisted of participants that the researcher could easily reach. The study group of
the research consisted of 58 cognitive disability children studying at 125. Y1l Special Education
Primary, and Secondary School in Onikisubat district of Kahramanmaras province. During the
experiment design phase, and the implementation of the experiment, conformity approval was
obtained from the guidance, and special education teachers who are experts in their fields. In
the study, there are three groups of toys: pull toys, clown toys, and wheel toys. Each group of
toys was presented to the preference of individuals at one-week intervals. The purpose of
presenting the same images to a different group every week is to ensure that the individual

4
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makes his choice independently of his previous choice. The individual was first shown how to
play with the toy. The individual was then allowed to play in the same way. In the next step,
the following questions were asked respectively. Once a reliable answer was received, the next
question was not moved on.

1-  Which of these toys is better?
2-  Which of these toys would you like to have?
3- Ifthese toys were sold in the market, which one would you buy?

At this stage, the individual's special education teacher was also present. This stage was carried
out in a separate environment so that other individuals were not affected by the individual's
response. The special education teacher helped the process run smoothly when needed. Below
are the pull toy group in Figure 2.a, the clown toy group in Figure 2.b, and the wheeled toy
group in Figure 2.c.

l (a)

>

Figure 2. (a) Pull Toy Group (b) Clowﬁ Toy Group (c) Whel Toy Group
Data collection and analysis

The data on the age, gender, and disability rates of the individuals were obtained from the
reports of the classroom teachers. In these reports, the provisions of the regulation on the
“assessment of the special needs of children” published jointly by the Ministry of Labor, and
Social Services of the Republic of Turkey, and the Ministry of Health in the Official Gazette
dated 20/02/2019, and numbered 30692 were taken as reference. According to these provisions,
the cognitive disability rate of the individual was evaluated as 20-39% with special needs, 40-
49% with mild special needs, and 50-59% with moderate special needs. For the purpose, and
sub-purposes of the research, the data consisting of the preferences taken from the questions
asked to the individuals were recorded in the computer environment. Frequency, and
percentage values were calculated in the analysis of the data. Correlation analysis and, Kruskal-
Wallis test were performed in the statistical program.

RESULTS
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In order to determine the wooden toy design criteria for cognitive disability children,
demographic characteristics of individuals, and preference data for different toy types were
examined. There are 58 individuals in total, 24 girls, and 34 boys in the study group. Among
these children, the rate of the mentally disabled of 15 people is 20-39%, the rate of mentally
disabled of 23 people is 40-49%, and the rate of mental disability of 20 people is 50-59%. 16
of the individuals are in the 7-9 age group, 13 are in the 10-12 age group, and 29 are in the 13-
15 age group. Three responses (repeats) were obtained from each individual. A total of 174
data were obtained. In the total data, blue-colored toys were preferred 55 times, yellow-colored
toys 47 times, red-colored toys 41 times, and varnished transparent toys 31 times.

The effect of gender characteristics on individuals' preference for wooden toy colors was
investigated. The biggest difference occurred in the choice of red color. While 30% of girls
preferred red toys, 19% of boys preferred red toys. The least difference in color preferences
according to the gender characteristics of the individuals was the blue-colored toys. While 32%
of girls preferred blue toys, 31% of boys preferred blue toys. On the other hand, 21% of boys
preferred transparent toys with, natural wooden appearance, while 14% of girls preferred
transparent it. The fact that boys prefer natural wooden-looking toys more can be interpreted
as they tend to make more original choices. On the other hand, while 24% of girls preferred
yellow toys, 29% of boys preferred yellow toys. Regardless of gender, 32% of the individuals
preferred blue-colored toys, 27% yellow-colored toys, 23% red-colored toys, and 18%
transparent wooden-looking toys. Giiller (2014) stated that children with mild mental
retardation mostly prefer orange, and then blue. Since the color blue was preferred most in this
study, it can be said that the results in these two studies are close to each other. Akdere (2006)
stated that there is no significant difference between the visual discrimination skills of
intellectual disability children of different genders. However, Celik (2009) stated that the color
red is mostly preferred for both genders of cognitive disability children of different genders.
Since the blue toy is the most preferred, the findings in this study do not coincide with the
findings in the literature. Below Figure 3.a shows the toy preference rates of boys, Figure 3.b
shows the toy preference rates of girls, and Figure 3.c shows the toy preference rates of all
individuals.

Boy Girl Total
(a) (b) (c)

/ Red 8 Ig‘éhsparenf N\ ¥ N
Transparent | g0, / \14% Red \ /Transparent Rt;d
[ 21% N 30% | /18% 23%

‘ 7 - 3 '| erllow \/\;‘, ke I
| Yellow \24% / o | Yellow |
! 700 Blue \ /// . ~7" 2 70 0 J
e 31% / g / ~ Blue
Blue . ' (-
32% .

Figure 3. (a) Boys' Toy Preferences (b) Girls' Toy Preferences (c) All individuals' Toy
Preferences

The effects of 20-39%, 40-49%, and 50-59% mental disability levels on individuals' different
wooden toy preferences were investigated. The biggest difference was in the selection of

6
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transparent varnished toys. As the disability rate of individuals increased, their preference for
toys with natural wood appearance decreased. This situation can be interpreted as the inability
of individuals with high disabilities to grasp the unique features of wood. On the other hand,
as the disability rate increased, individuals preferred more blue-colored toys. A close
distribution was obtained in all obstacle ratio groups for red, and yellow-colored toys. Akdemir
(2006) reported that individuals with intellectual disabilities, and different levels of learning
disability groups differentiate their visual perceptions in terms of visual discrimination skills.
The findings in the literature are consistent with the findings in this study. Figure 4 below
shows disability rates, the of individuals, and the of toy preferences.

—m= Fed —a—— Blue —x— Yellow —%— Transparent ==-p-==N

25 25
20 208
z
g1s 15 g
= k=
= 10 10 B
5 5 2

0 0

%20-30 %40-49 %50-59
Disability rate

Figure 4. The Tendency of The Number Of Individuals, and Toy Preferences of Disability
Groups

The effect of 7-9 age, 10-12 age, and 13-15 age groups on the color preferences of individuals'
wooden toys was investigated. The most unstable choice was experienced in the selection of
red toys. Individuals aged 7-9 preferred the least red toys after the transparent toys. While at
the age of 10-12 they preferred the most red toys, at the age of 13-15 they preferred the least
red toys again. The rate of individuals aged 10-12 preferring blue toys is lower than those aged
7-9, and 13-15. On the other hand, individuals in transparent, and yellow-colored toys showed
a close distribution in all age groups. No statistically significant relationship was found
between age groups, and toy preferences in the correlation analysis performed below. Akdemir
(2006), reported that there was no significant difference between the visual discrimination
skills of students with mental disabilities aged 6-12, categorized as under 9, and over 10 years
old. The findings in the literature are consistent with the findings in this study. Figure 5 below
shows the trend in the number of individuals, and toy preferences of age groups.
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Figure 5. The Trend of The Number of Individuals, and Toy Preferences of Age Groups
Statistical analysis
In the study, Spearman correlation analysis was performed to determine the statistical
relationships between the independent variables of gender, age, and disability ratio, and the

option-dependent variable. Test results are given in Table 1 below.

Table 1. The Toy Preference Analysis Of The Independent Variables of The Individuals

Variables n *n r sd

Gender 174 0,049 -0,150 0,074

Age 174 0,467 0,055 0,074

Disability Rate 174 0,007 -0,205 0,076
* p<0,050

In the analysis, a statistically significant, and negative relationship was found between the
genders of the individuals, and their options. That is, boys made more meaningful choices than
girls. As a matter of fact, Akdere (2006) observed that female students' visual discrimination
skills were lower than male students. An insignificant, and positive relationship was found
between the ages of the individuals, and their options. In other words, as the age of the
individuals increased, they made more meaningful choices. A statistically significant, and
negative relationship was found between the disability rates, and options of individuals. In
other words, as the disability rate of individuals increased, they made more meaningless
choices. Demographic information, and number of option preferences of the study group are
given in Table 2 below.

Table 2. Demographic Information, and Toy Preferences Of Individuals In The Study Group

Veriables Groups N* Red Blue Yellow Transparent
Boy 34 19 32 30 21

Gender Gl 24 22 23 17 10

Disability rate  20-39 15 6 11 13 15
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(%) 40-49 23 19 23 16 10
50-59 20 16 21 13 6
7-9 16 11 16 13 8
Age grubu 10-12 13 12 11 11 5
13-15 29 18 28 23 18
Total 174 41 55 47 31

*Number of individuals

There were statistically significant differences between the gender independent variable, and
the option-dependent variable of the individuals. However, since there were only two groups
in the gender variable, no tests were performed to determine the groups that made a difference,
and that did not. The Kruskal-Wallis Post Hoc test was used to determine the statistically
significant, and undifferentiated groups of the disability ratio variable. Test results are given in
Table 3 below. According to the data in group mean differences, there is no statistically
significant difference between the disability rates of 20-39%, and 40-49%. However, the 50-
59% disability rate was significantly different from the other groups.

Table 3. Group Comparisons of Disability Rate Variable

Mean Adjusted homogeneity

Veriables  Binary Groups Differences ~ Severity n  Groups aroups
Hurtle %50-59 %40-49 1,741 1.000 174  %?20-39 a
Rate %50-59 %20-39 27,683 0.012 174 %40-49 a
%40-49 %20-39 25,942 0.016 174  %50-59 b

CONCLUSION

In this study, some wooden toys, and course material visual design criteria were tried to be
determined for educable children with mild intellectual disability. As a result of the research,
it was determined that the girls preferred the red toys that showed the most difference compared
to the boys. Boys, on the other hand, preferred transparent varnished toys, which is the biggest
difference from girls. On the other hand, regardless of gender, individuals preferred the most
comprehensive blue toy, while they preferred the least transparent lacquered toys.

As individuals' disability rates increased, their preference for transparent lacquered toys
decreased, while their preference for blue toys increased. It was observed that disability rates
did not affect red, and yellow toy preferences. Age differences of individuals did not give a
significant result in their preferences for red, and blue toys. It was determined that age
differences did not change the preference distribution of yellow, and transparent varnished
toys.

Red toys for girls, and blue toys for boys are recommended to designers, and manufacturers of
wooden toys, and materials for intellectual disability children. Transparent varnished wooden
toys can be preferred for slightly disabled boys. It is recommended that they prefer blue-colored
products as the most inclusive option in terms of gender, age, and disability rate. As the Usta
(2021) stated, this study will help children with learning difficulties to enjoy wooden toys more.
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ABSTRACT: The digitization of cultural heritage plays a critical role in the preservation of
historical artifacts and their transmission to future generations. This study focuses on the
digital reconstruction of the Saray-1 Amire in Manisa, a lost architectural structure from the
Ottoman period, and evaluates the performance of artificial intelligence (Al) tools throughout
this process. Traditional modeling techniques are compared with Al-based algorithms in
terms of accuracy, speed, and level of detail. Data derived from archival documents,
historical maps, engravings, and analogous structures were utilized to assess the accuracy of
Al-generated models using metrics such as the Structural Similarity Index (SSIM) and Root
Mean Square Error (RMSE). The findings reveal that while Al tools enable rapid modeling
workflows, they present certain limitations in accurately capturing architectural details. The
study advocates for the adoption of hybrid methodologies in the digitization of cultural
heritage and discusses both ethical and technical issues involved in digital restitution
processes. Ultimately, while Prome Al was effective in generating visual textures, Fabrie Al
produced more precise and analytical results, yielding geometrically detailed reconstructions.
However, both tools demonstrated limitations in preserving historical accuracy and faithfully
reflecting architectural intricacies. Thus, alongside the efficiency and speed offered by Al
technologies, the study emphasizes the continued importance of human intervention through
hybrid approaches.

Keywords: Lost Cultural Heritage, Artificial Intelligence, Architectural Visualization, Saray-
1 Amire
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KAYIP KULTUREL MIiRASIN DiJITALLESTIiRILMESINDE YAPAY
ZEKA ARACLARININ PERFORMANS ANALIZi: SARAY-I AMIRE

OZET: Kiiltiirel mirasin dijitallestirilmesi, tarihi eserlerin korunmas1 ve gelecek nesillere
aktarilmas1 agisindan kritik 6neme sahiptir. Bu ¢alisma, Osmanli donemine ait ve gliniimiize
ulasmamis bir yap1 olan Manisa’daki Saray-1 Amire’nin dijital rekonstriikksiyonunu ele
almakta ve bu siirecte yapay zeka (YZ) araglarinin performansini degerlendirmektedir.
Geleneksel modelleme teknikleri ile YZ tabanli algoritmalar karsilagtirilmakta; dogruluk, hiz
ve detay seviyesi agisindan incelenmektedir. Arsiv belgeleri, tarihi haritalar, graviirler ve
benzer yapilar gibi kaynaklardan elde edilen veriler kullanilarak, YZ araclariyla olusturulan
modellerin dogrulugu, Yapisal Benzerlik Indeksi (SSIM) ve Kok Ortalama Kare Hatasi
(RMSE) gibi metriklerle analiz edilmistir. Bulgular, YZ araclarinin hizli modelleme siiregleri
sundugunu ancak mimari detaylari dogru yakalama konusunda bazi sinirlamalar tagidigini
ortaya koymustur. Calisma, kiiltiirel mirasin dijitallestirilmesinde hibrit metodolojilerin
benimsenmesini dnermekte ve dijital restitlisyon siireglerindeki etik ve teknik meseleleri
tartigmaktadir. Sonu¢ olarak, Prome AI gorsel dokular1 basarili bir sekilde olustururken,
Fabrie Al ise daha hassas ve analitik sonuclar sunarak geometrik detaylara yakin sonuglar
elde etmistir. Ancak her iki ara¢ da, tarihi dogrulugun korunmasi ve mimari detaylarin dogru
yansitilmasi konusunda sinirlamalar tasimaktadir. Bu nedenle, YZ araglariin sagladigi hiz ve
verimliligin yani sira, hibrit yoOntemlerle insan miidahalesinin de O&nemli oldugu
vurgulanmaktadir.

Anahtar Kelimeler: Kayip Kiiltiirel Miras, Yapay Zeka, Mimari Gorsellestirme, Saray-1
Amire,

INTRODUCTION

Cultural heritage encompasses historical and artistic values that have been passed down from
the past to the present and play a fundamental role in the preservation of social identity. The
protection of cultural heritage not only ensures the continuity of historical knowledge, but
also enables the transfer of the past to the future (Ozkut, 2008). Especially buildings and
artifacts that are in danger of extinction should be preserved not only for their physical but
also for their social, aesthetic and symbolic meanings. The digitization of cultural heritage
not only makes it accessible to a wider audience, but also contributes to academic research
(Zhang et al., 2023). While digital preservation processes help to visualize and document
cultural heritage, they also bring problems such as data gaps, misinterpretation and
technological sustainability (Conway, 2010; Ozkut, 2008).

Developing technologies in recent years offer new possibilities in the documentation and
conservation of cultural heritage. Digital modeling, augmented reality (XR), virtual reality
(VR) and 3D scanning techniques provide important solutions for cultural heritage
conservation (Hutson et al., 2023). Thanks to these technologies, lost or damaged cultural
heritage elements can be revived and analyzed in more detail (Melloni, 2018; Altay, 2023).
For example, the virtual reconstruction of the Roman Theater of Palmyra was carried out
using high-resolution panoramic photographs and global photogrammetry (Forte et al., 2024).
However, in such digital reconstruction processes, historical accuracy must be ensured and
scientific methodologies must be followed (Ozkut, 2008; Poulopoulos & Wallace, 2022).
Artificial intelligence (AI) based tools are increasingly used in the field of cultural heritage
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digitization. Al algorithms offer significant advantages to complete missing data, analyze
damaged structures and perform restitution of lost structures (Duarte, 2024). Using metrics
such as Structural Similarity Index (SSIM) and Root Mean Squared Error (RMSE), the
historical accuracy of Al-assisted models is evaluated (Bakurov et al., 2022). However,
limitations of Al models such as biases and speculative reconstructions in training datasets
should also be considered (Liang & Huang, 2022). Although there are many studies in which
Al technologies contribute to the documentation of cultural heritage, it is also noted that
compared to traditional modeling methods, they may not accurately reflect detailed
architectural features and interpretations may be detached from the historical context
(Tiribelli et al., 2025; Zhang et al., 2022). Therefore, it is of great importance to use artificial
intelligence in the digitization of cultural heritage, taking into account its ethical and
technical limits (Ozkut, 2008; Vuoto et al., 2023).

Research shows that traditional methods are being combined with modern technologies in the
documentation, conservation and restitution of cultural heritage. Difficulties arising from
incomplete historical records, physical deterioration and structural changes are being
overcome with advanced digital tools (Karasakal, 2022; Otyakmaz, 2022). Various studies on
religious, military, commercial and civil buildings have contributed to the restitution of
historical buildings using techniques such as archival documents, photogrammetry and laser
scanning (Boyacioglu, 2018; Ozsavasci et al., 2018).

In recent years, digital reconstruction projects have come to the fore, and augmented reality
(AR), virtual reality (VR) and artificial intelligence-supported modeling methods have
enabled the revitalization of lost cultural heritage (Forte et al., 2024). For example, a virtual
model of the Roman Theater of Palmyra was created with photogrammetry, and 3D digital
reconstructions of historical settlements such as Giilbahge were made (Tabur, 2024).
However, existing studies have identified limitations such as data gaps, historical accuracy
issues, and biases in Al models (Duarte, 2024). This thesis aims to develop a hybrid
methodology for the restitution of lost cultural heritage by comparing manual modeling with
Al-assisted techniques and considers the digital reconstruction of the Saray-1 Amire in this
context.

This research aims to evaluate the reliability and accuracy of Al-based methods in the digital
restitution process of lost cultural heritage. The study seeks answers to questions such as "To
what extent can digital models preserve the historical, aesthetic and social values of cultural
heritage?" and "How effective is Al-assisted restitution compared to manual modeling
methods?". Using quantitative measures such as Structural Similarity Index (SSIM) and Root
Mean Squared Error (RMSE), the historical accuracy of Al-assisted models will be evaluated
and compared with traditional modeling techniques. In this context, the research aims to
contribute to the literature both theoretically and methodologically. By comparing traditional
modeling methods with artificial intelligence-based approaches, a comprehensive evaluation
to determine the most appropriate methods in digital restitution processes is presented in the
case of Manisa Saray-1 Amire.

METHODOLOGY

According to Figure 1 the methodological framework begins with comprehensive
documentation, which serves as the foundational stage for subsequent processes. This
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documentation informs the development of a sustainable and flexible spatial database,
enabling the systematic organization and management of spatial data relevant to cultural
heritage.

Sustainable and
Flexible Spatial
Database

Interpretation and
Evaluation

i« ™
Supplementary YWeb-
Based Search for Al

Tool Selection
s A s A

"
Data Analysis for Al
Tool Selection

Visualization of
Synthesized Data

’ Manual Model Al-Generated Model
Visualization Visualization :

———

; Discussion of
Reliability '(

R 2

Quantitative
Assessment of Model
Accuracy

[ Addressing Al )
a Limitations in Lost (

Cultural Heritage
\ Digitization J

Figure 1 Method Flowchart

Following this, the process advances to the interpretation and evaluation phase, which
bifurcates into two key sub-processes: data analysis for Al tool selection and supplementary
web-based searches aimed at identifying the most appropriate Al tools for modeling tasks.
These inputs converge at the visualization of synthesized data, where the integrated data is
used to produce two distinct outputs: manual model visualization and Al-generated model
visualization. Both visualization methods feed into a critical discussion of reliability, which
examines the trustworthiness and potential discrepancies between manual and Al-generated
outcomes. This discussion is further substantiated by a quantitative assessment of model
accuracy, providing empirical validation of the models' precision. Finally, the process
culminates in addressing Al limitations in the digitization of lost cultural heritage, reflecting
on the broader implications and challenges of utilizing Al technologies in heritage

15



Ozkuyumcu, S. A., & Kalayci Onacg, A. / Turkish Journal of Forest Science 9(1) 2025: 12 -24

preservation. Notably, feedback loops within the flowchart suggest a dynamic and iterative
process, emphasizing the importance of continuous evaluation and refinement across each
stage. (Figure 1)

The methodology of this study is based on a comprehensive analysis of primary sources
(Ottoman archival documents, old maps) and secondary sources (academic studies, historical
research) during the data collection process. The existing ruins of Saray-1 Amire were
examined and comparative analyses were made with structures from similar periods. The
collected data was digitized and integrated into a spatial database. The digital modeling
process followed two main approaches: manual modeling and Al-assisted modeling

In this phase, the accuracy of architectural models of Saray-1 Amire—both manually created
and Al-generated—was evaluated using quantitative methods. The analysis aimed to
objectively assess the adherence of the models to documented historical and architectural
features in terms of visual and structural similarity. Two primary metrics were employed:
Structural Similarity Index (SSIM) and Root Mean Square Error (RMSE). SSIM is a
perceptual metric that measures structural similarity between two images by considering
components such as luminance, contrast, and structure. It yields a value between -1 and 1,
with 1 indicating perfect similarity. In this study, grayscale versions of the rendered images
were compared using Python and the skimage.metrics library, and SSIM values were
computed for each pair. Higher SSIM scores indicated a stronger resemblance of the Al-
generated model to the manually produced reference (Bakurov et al., 2022). On the other
hand, RMSE measures the pixel-wise differences between two images, reflecting the average
magnitude of error. Lower RMSE values imply closer visual similarity. The numpy library in
Python was used to calculate RMSE, and all images were resized to identical dimensions
prior to comparison. RMSE is widely utilized in fields such as digital watermarking, remote
sensing, and medical imaging to assess image quality (Bindu et al., 2018; Kumar &
Srinivasan, 2012; Liang & Huang, 2022). By using SSIM and RMSE together, this study
provided a robust and systematic evaluation of the fidelity of Al-generated models compared
to manually constructed ones.

Data Collection and Documentation Process

Data collection was conducted through a comprehensive analysis of primary and secondary
sources:
1. Primary sources: Ottoman archival documents, old maps, architectural drawings and
Ottoman chronicles
2. Secondary sources: Academic studies on Ottoman palace architecture, historical
research and cultural heritage conservation projects were reviewed

In addition, the surviving ruins of the Saray-1 Amire were examined, but since it is largely
destroyed, comparative analyses were made with similar structures such as the Edirne Palace.
All collected data was digitized and integrated into a sustainable and flexible spatial database.

Digital Reconstruction Process

The digital modeling process was carried out with two main methods:
1. Manual 3D Modeling:
o Created using SketchUp and Lumion.
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o Measurements and data from historical documents are integrated into the
model.

o Accuracy was assessed by structural similarity analysis (SSIM) and error
measures (RMSE).

2. Artificial Intelligence Assisted Modeling:

o Automatic modeling was done with tools such as Prome AI, Fabrie Al,
DesignerSense Al.

o The obtained images were compared with manual models and the margin of
error was analyzed.

o The success of artificial intelligence tools in capturing architectural details is
examined.

Evaluation Criteria

In the research, two main measurement methods were used to evaluate the differences
between Al-supported modeling and manual modeling:

1. Structural Similarity Index (SSIM): Used to measure the similarity between manual
and Al-generated models.

2. Root Mean Squared Error (RMSE): It was applied to calculate the margin of error of
the models created with artificial intelligence.
In addition, ethical considerations were made during the modeling process, analyzing
how faithful speculative reconstructions are to historical accuracy.

MATERIAL
Area And Scope Of The Study

This study focuses on the digital reconstruction of one of the Ottoman-era palaces, the Saray-
1 Amire in Manisa, which is now completely lost. The aim of the study is to examine the
effectiveness and accuracy of artificial intelligence-based modeling tools in the preservation
of cultural heritage. The research focuses on archival documents, engravings, old maps,
architectural plans and common features of Ottoman palaces, aiming to create the most
realistic model in terms of historical accuracy.

Saray-1 Amire was built in Manisa during the Ottoman period as a center where princes were
educated and important administrative decisions were made. Started in the mid-15th century
during the reign of Murad II, the palace was expanded during the reign of Mehmed II
(Mehmed the Conqueror) and played an important role in the social and political structure of
Manisa (Ulugay, 1941). In addition to being an administrative center where princes were
educated, the palace is also noteworthy as a part of the sancak system implemented by the
Ottomans in the provincial administration. However, with the abolition of the sanjak system
in 1595, it fell out of use and was largely destroyed by fire during the War of Independence
(Isa et al., 2018). Today, a large part of the palace has been destroyed and the physical
presence of the building has largely disappeared, except for the Fatih Tower and the remains
of a few baths (Figure 2). Today, the area where the palace was located is located within the
Sehzadeler District of Manisa and includes Fatih Park, Cumhuriyet Square, and other
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monumental structures that reflect the past location of Saray-1 Amire (Gevorgyan etl al.;
2023).

Figﬁre 2 Fatih Tower and bath remains

Other Materials

In the study, firstly, the architectural features of Saray-1 Amire were determined by scanning
various written and visual sources. In the digital modeling process, artificial intelligence
based tools such as Prome AI, mnml Al, Fabrie Al, DesignerSense Al, ArchiVinci Al,
ReRender Al, Maket Al and Visoid Al were used. These tools were preferred to increase
structural accuracy and ensure contextual relevance. SketchUp and Lumion software were
used for modeling and rendering, and visual outputs were obtained. In addition, Python
programming language was used as a supportive tool for data processing and analysis.

In the creating process, initially, a set of manually created images and corresponding
descriptive prompts is prepared to establish a foundational dataset. This curated data serves as
a reference for the model to begin learning meaningful associations between visual elements
and textual descriptions. Subsequently, the dataset is expanded through the collection of
large-scale image-text pairs, which are utilized to train the underlying generative model
effectively.

FINDINGS
Comparison of Artificial Intelligence and Traditional Modeling Results

Figure 3 provides a detailed representation of the architectural and spatial characteristics of
the Saray-1 Amire, presenting renderings generated by various Al tools. The design reflects
the basic principles of Islamic architecture, including axial symmetry, a paved central
courtyard and several functional buildings surrounded by colonnaded galleries. Stone and
stucco are used on the fagade, with curved openings, rectangular windows and detailed
workmanship, especially at the entrances.
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Roof structures vary from sloping tiled designs to flat surfaces and domes, providing both
aesthetic and functional harmony. High perimeter walls provide privacy, while the landscape
features geometric patterns and vegetation, creating a harmonious balance between building
and nature.

The Al-generated renderings focus on green spaces and open spaces in some, while others
emphasize the stone surfaces of the courtyard and minimal vegetation. Each Al tool
emphasizes different features: MNML Al emphasizes symmetrical design and geometric
landscaping; ARCHIVINCI AI highlights blue tiled roofs and large green spaces; FABRIE
Al focuses on structural organization with red tiled roofs and minimal landscaping; Re
RENDER AI depicts the paved courtyard and green spaces with a balance of open and
enclosed spaces; PROME Al emphasizes spatial zoning with central courtyard and tower;
MOCKET AI presents a simplified layout with central green space and single-storey units;
DESIGN SENSE Al emphasizes material textures and spatial depth; VISOID Al shows a
structural geometric layout with multi-domed structures.

Each rendering reflects the unique visual output of the respective Al tools, offering different
perspectives on the design of the complex.

According to Table 1 evaluations using Structural Similarity Index (SSIM) and Root Mean
Square Error (RMSE) revealed the success of the Al tools in architectural visualization. The
highest SSIM score belongs to Prome Al with 0.656, indicating strong structural alignment.
The lowest SSIM was seen in ReRender Al with 0.118, indicating significant structural
differences. The lowest result in RMSE values was obtained by DesignSense Al with 9.55,
indicating a more consistent density of pixels.

Prome AI and DesignSense Al excelled in terms of structural cohesion and pixel-level
consistency, while ReRender Al and VISOID AI underperformed. Overall, while Al tools

have potential in architectural visualization, there are challenges in photorealistic detail.
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Table 1: SSIM and RMSE Analysis Results

Al Tool Orginal Model Al  Generated Orginal Render Al  Generated
Model Render
SSIM RMSE SSIM RMSE

ArchiVinci Al 0.225 10.27 0.217 10.21
DesignSense Al 0.581 9.55 0.326 9.92
Fabrie Al 0.330 1041 0.339 10.31
Model Al 0.387 10.38 0.272 10.33
MNML Al 0.347 10.03 0.252 10.27
Prome Al 0.656 10.62 0.332 10.30
ReRender Al 0.118 10.15 0.151 10.21
Visoid Al 0.390 10.08 0.300 10.25

Evaluation Of Artificial Intelligence Tools In Terms Of Time Efficiency And Acurracy

Artificial Intelligence tools provide a huge advantage in terms of time over manual modeling.
For example, while Prome Al produced a model in only 9 seconds, Mnml Al was able to
model in 151 seconds. However, it was emphasized that fast modeling processes often lead to
loss of detail and therefore a hybrid approach is required.

DISCUSSION

The integration of artificial intelligence (AI) technologies in the field of architectural
visualization and cultural heritage digitization shows significant potential by increasing
efficiency and creativity in architectural practices (Ashraf et al., 2024; Hakimshafaei, 2023).
Systems such as "Sketch-to-Architecture" demonstrate that Al tools transform the design
process by enabling rapid iterations in the design process (Li et al., 2024). However, the use
of Al in cultural heritage conservation for lost buildings often neglects fundamental
architectural principles such as cultural context and sustainability while emphasizing
aesthetic elements (Rashid, 2024).

The role of Al in cultural heritage conservation has also been explored with frameworks such
as X-NR. This framework digitally reconstructs heritage sites using augmented reality and
neural rendering techniques (Stacchio et al., 2024). However, despite the capacity of Al to
capture spatial and visual elements, issues such as prompt engineering, biases in training
datasets, and regional linguistic biases limit the accurate representation of cultural
architectural styles (Sukkar et al., 2024).

Al tools such as PlantoGraphy incorporate iterative design principles, addressing
shortcomings in traditional Al workflows (Huang et al., 2024). However, challenges remain
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in terms of proportional accuracy, multi-perspective consistency, and integration of these
tools with existing architectural workflows (Li et al., 2024). Al appears to offer a wide range
of applications, from reinterpretation of traditional motifs to future projects such as Mars
habitats (Giir et al., 2024). Nevertheless, limitations in terms of data set diversity and
controllability of the Al model suggest the need for continuous improvement and domain-
specific training.

The example of Saray-1 Amire emphasizes the importance of basing Al applications on
cultural, historical and architectural values (Ozkut, 2008). An interdisciplinary collaboration
of architects, historians, computer scientists and ethicists is required to overcome the
limitations of Al and align it with cultural preservation goals. Furthermore, transparent
documentation of Al workflows is crucial for maintaining trust with stakeholders such as
local communities and heritage professionals.

RESULTS AND EVALUATION

The research revealed that Al-based tools offer speed and automation advantages in digital
modeling processes, but have limitations in accurately capturing architectural details. In
comparisons of Al models with traditional models, SSIM analyses showed a similarity of
around 85%, while RMSE analyses indicated significant deviations in architectural elements.
These results show that Al tools offer a time-saving solution for large-scale projects, but that
human elaboration is still necessary.

Significant differences were also observed between the different Al tools used in the
modeling process. While Prome Al was successful in creating realistic textures but had a high
margin of error in geometric details, Fabrie Al provided more analytical and precise results
and achieved results closer to architectural drawings. This emphasizes the need for caution in
the selection of Al tools.

The success of the Al-supported models varies in terms of historical context, material choices
and preservation of architectural details. Some models were able to preserve the spatial layout
appropriate to Ottoman palace architecture, but there were deficiencies in material and
ornamental details. In particular, aesthetic elements such as stone textures, arch details and
woodwork could not be fully reflected. In addition, the tendency of some Al tools to integrate
modern design elements into the historic building poses a risk to the accurate representation
of cultural heritage.

When analyzing how data deficiencies affect artificial intelligence algorithms, the limited
availability of historical documents directly affected the accuracy of the models. Due to the
lack of full-scale plans of the Saray-1 Amire, comparative examples were used in the
modeling process, but this compromised historical accuracy. Speculative reconstructions can
lead to inaccurate or incomplete representations of cultural heritage; some Al tools have
deviated from historical reality by suggesting designs that are inappropriate for Ottoman
architecture. To avoid such deviations, we propose a hybrid approach in which historians,
architects and Al experts work together.

The success of Prome AI and DesignSense Al is evaluated based on SSIM (Structural
Similarity Index) and RMSE (Root Mean Square Error), which assess the accuracy of visual

quality and proportion. Higher SSIM values indicate that the Al-generated model is
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structurally more similar to the original, while lower RMSE values suggest fewer pixel-wise
discrepancies. In this context, Prome AI and DesignSense Al achieved higher SSIM values
and more favorable RMSE scores, resulting in models that are closer to the original
compared to other tools.

Finally, the dependence of artificial intelligence tools on the datasets they are trained on can
lead to the risk of misinterpreting cultural heritage. Models trained with datasets
predominantly based on Western architecture may suggest details that are inappropriate for
Ottoman palaces. For this reason, it is suggested that the datasets on which artificial
intelligence models are trained should be more diversified. All these findings show that Al-
supported digital reconstruction projects should be cautious and should be supported by
manual modeling methods. It is recommended that hybrid methods should be adopted,
especially for the preservation of historical and cultural context.
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OZET: Bu calisma, endiistri mirasinin turizm amagh canlandirilmas1 kapsaminda, Isparta
Millet Bahgesi Projesi ile Isparta Tren Gari’nin kamuya agik yesil alana doniistiiriilmesini
incelemektedir. 2021'de baslayan, 2022'de ihale edilen ve 2023 sonunda tamamlanan proje,
tarihi yapilar1 koruyarak modern fonksiyonlarla turizm potansiyelini artirmistir. Depo Binasi
millet kiraathanesi, Lojman Binasi el sanatlar1 merkezi ve Su Kulesi fotograf ¢cekim noktasi
olarak yeniden islevlendirilmis ve turistlerin ilgisini ¢ekmistir. Tiirkiye’nin aktif tren garina
entegre edilen ilk millet bahgesi olarak proje, kiiltiirel mirast rekreasyon alanlariyla
birlestirerek Isparta’nin turizm cazibesini artirmig ve sosyal etkilesimi desteklemistir. Bu
calisma, endiistri mirasinin  siirdiiriilebilir turizmi  destekleyecek sekilde yeniden
islevlendirilmesi i¢in 6rnek bir model sunmaktadir. Hayata gecirilen proje ile atil vaziyetteki
kiiltiirel miras 6geleri gelecek nesillere aktarilmak {izere koruma altina alinmis olmakla birlikte
kazandirilan yeni fonksiyonlar ve tizerinde bulunduklar1 75.150 m? lik alanin modern teknikler
ile gerceklestirilen peyzaj caligmalari ile yerel halk ve turistler i¢in yeni bir ziyaret noktasina
donlismesini saglayarak, alternatif bir turizm ziyaret noktasina doniismesini saglamstir.

Anahtar kelimeler: Isparta, siirdiiriilebilir turizm, millet bahgesi, kiiltiirel mirasin korunmasi,
yeniden islevlendirme

REVIVAL OF INDUSTRIAL HERITAGE FOR TOURISM PURPOSES:
ISPARTA NATIONAL GARDEN

ABSTRACT: This study examines the transformation of the Isparta Train Station into a public
green space with the Isparta National Garden Project within the scope of revitalizing industrial
heritage for tourism purposes. Started in 2021, tendered in 2022 and completed by the end of
2023, the project preserved the historical buildings and increased the tourism potential with
modern functions. The Depot Building was repurposed as a public café, the Lodging Building
as a handicraft center, and the Water Tower as a photo attraction, attracting tourists. As
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Turkey's first nation garden integrated into an active train station, the project has increased
Isparta's tourism appeal and promoted social interaction by combining cultural heritage with
recreational spaces. This study provides an exemplary model for the re-functioning of industrial
heritage to support sustainable tourism. With the implemented project, the idle cultural heritage
elements have been taken under protection to be passed on to future generations, but with the
new functions and landscaping works carried out with modern techniques, the 75,150 m? area
on which they are located has been transformed into a new visit point for local people and
tourists, and has turned into an alternative tourism visit point.

Keywords: Isparta, sustainable tourism, public garden, protection of cultural heritage, re-
functioning.

GIRIS

Acik-yesil alanlar, kentsel yasamin temel bilesenlerinden biri olarak toplumun sosyal
yenilenmesini saglayan, fiziksel rahatlama sunan ve bireylerin nefes aldig1 yasanabilir ortamlar
yaratmaktadir. Modernlesmenin beraberinde getirdigi hizli kentlesme baskisinin hafifletilmesi
ve kentlerin ekolojik dengelerinin korunmasi agisindan agik-yesil alanlar giderek daha fazla
onem kazanmaktadir. Son yillarda bu ihtiyaci karsilamada onemli bir rol iistlenen millet
bahgeleri, kent estetigini artirmanin yani sira, toplumun rekreatif ihtiyaglarini karsilayan, doga
ile bulusma imkani1 sunan ve kent ekolojisini destekleyen alanlar olarak 6ne ¢ikmaktadir (Birol
& Aydin, 2019).

Osmanli'da Tanzimat Donemi ile baglayan modernlesme siirecinde, toplumsal yasami yeniden
sekillendirme amaciyla millet bahgeleri olusturulmaya baslanmistir. Taksim Bahgesi, 1864
yilinda Istanbul'da halkin kullanimima sunulan ilk millet bahgesi olarak tarihe ge¢mistir.
Ardindan Uskiidar Sarikaya Millet Bahgesi, Tepebas1 Parki, Kisikli Millet Bahgesi ve
Sultanahmet Millet Bahgesi gibi dnemli kamusal mekanlar ag¢ilmistir (Altintas & Serdaroglu
Sag, 2022).

Giiniimiizde millet bahgeleri, Cevre Sehircilik ve Iklim Degisikligi Bakanhig1 dnciiliigiinde,
2018 yilinda baglatilan millet bahgesi seferberligi ile yeniden giindeme gelmis ve Tiirkiye
genelinde 81 ilde 484 millet bahgesi tamamlanarak yaklasik 75 milyon metrekare agik-yesil
alan kazandirlmustir (Cevre, Sehircilik ve Iklim Degisikligi Bakanligi, 2025). Bu modern
millet bahgeleri, kent estetigine katki sunmanin yani sira, kiiltiirel miras1 koruma, sosyal
etkilesimleri artirma ve turizm cesitliligini destekleme gibi islevleri ile 6n plana ¢ikmaktadir.

Millet bahgeleri, sadece yesil alanlar olarak degil, ayn1 zamanda dogal ve kiiltiirel giizellikleri
barindiran, tarih ve sosyokiiltiirel yasama dair 6nemli yansimalar igeren, afet durumlarinda
toplanma alani olarak degerlendirilebilen ve kentin prestijini artiran simgesel mekanlar olarak
da islev gorebilir. Bu yoniiyle, Millet Bahgeleri, kentlerdeki sosyal ve ekolojik ihtiyaglari
karsilamanin yani sira kiiltiirel mirasin korunmasi ve tanitilmasi agisindan da énemli bir rol
iistlenmektedir.

Artan kentlesme ve niifus yogunlugu ile birlikte, ge¢gmisin izlerini giinlimiize tasiyan kiiltiirel
miras alanlari, bulunduklar1 konum itibariyle kentin 6nemli arterleri iizerinde yer almakta ve
arazi degerlerinin yiikselmesiyle birlikte sosyal alan ihtiyacinin artmasi sonucunda daha da
onem kazanmaktadir (Kogan, 2011). Bu durum, tarihi yapilarin ve kiiltiirel miras alanlarinin
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yeniden islevlendirilmesini gerekli kilmaktadir. Ozellikle endiistri mirasi1 alanlarmin turizm
amacli canlandirilmasi, kiiltiirel kimligi korurken ayni zamanda ekonomik kalkinmayi da
destekleyen siirdiirtilebilir bir yaklagim olarak 6n plana ¢ikmaktadir.

Giliniimiizde turizmin gelismesi ve insanlarn tatil beklentilerinin degismesi ile birlikte
alternatif turizm kavrami 6n plana ¢ikmistir. Alternatif turizm, geleneksel turizm anlayisinin
Otesine gecerek turistlerin gelisen ve degisen beklentilerine cevap vermeyi amaglamaktadir
(Hacioglu & Avcikurt, 2008). Bu baglamda, endiistri mirasinin turizm amagli canlandirilmast,
kiiltiirel ve dogal zenginlikleri modern turizm anlayis1 ile bulusturmakta ve turizm
destinasyonlarinda farklilik yaratmaktadir.

Muhtesem bir dogaya ve cografi zenginliklere ev sahipligi yapan Isparta, yer aldig1 Akdeniz
Bolgesinin batisinda, sahip oldugu bir¢ok golden dolayr Goller Bolgesi olarak isimlendirilen
bolgenin i¢ kesimlerin de yer almaktadir. Yer aldig1 cografi konumu itibariyle Isparta, Akdeniz
bélgesin de yer almasia ragmen Akdeniz, I¢ Anadolu ve Ege bolgeleri arasin da énemli bir
konum da yer almaktadir (Turgut, 2000). Sahip oldugu bu stratejik konum Isparta tarih
boyunca bir¢cok uygarliga da ev sahipligi yapmasini saglamistir. Bunun sonucunda da
Anadolu’nun zengin tarihinden ¢okg¢a nasibini almigtir. Bundan dolay1 da kent hem sahip
oldugu zengin tabiatiyla ve tarihi zenginlikleriyle turizm agisindan ¢ok biiyiik bir potansiyele
sahiptir (Durgun, 2006).

Isparta ilceleri ile birlikte bir biitiin olarak turizmin on iki ay boyunca yapilabildigi ve sahip
oldugu zenginlikler sayesinde bir¢ok alternatif turizm ¢esidine ev sahipligi yapan bir kenttir.
Kent merkezi ve ¢evresi kiiltiirel miras, kus goézlemciligi, doga yiiriiyiisleri, foto safari, aveilik
gibi bir ¢ok turizm potansiyeline ev sahipligi yapmaktadir. Son yillar da turizm yon degistirerek
klasik deniz, kum ve giines turizminden daha ¢ok kiiltiir turizmine ve doga turizmine yoniinii
cevirmistir. Bu ag¢idan da bakildiginda da kiiltiir ve doga turizmi destinasyon noktalari
acisindan zengin bir konumda olan Isparta, diinyada ve iilkemizde artan turizm hareketliliginde
yerini almaya baslamistir (Bati Akdeniz Kalkinma Ajansi, 2017). Kentte yer alan
Hristiyanlarin 6nemli inang turizm noktalarindan biri olan ve Pisidia kentlerinin de en biiytigii
olan Antiochia antik kenti kiiltiir turizmi agisindan biiylik 6nem arz ettigi gibi Davraz kayak
merkezi ve Egirdir Golii de doga turizmi agisindan kis sporlari turizmi ve doga turizmi
acisindan kentin turizm potansiyeli agisindan biiylik 6nem arz etmektedir (Uzun & Sen Demir,
2019).

Glinlimiizde hizla artan kentlesme, sehirleri beton yapilarla dolu, sikisik yasam alanlarina
doniistiirmiis ve bu durum, yesil alanlarin hizla azalmasina ve giinliilk yasam yogunlugunun
artmasina neden olmustur. Sonug olarak, kent sakinleri dogal ve kiiltiirel zenginliklerden
giderek daha fazla mahrum kalmakta ve bu durum psikolojik baskiy1 artirmaktadir. Sehir
hayatinin getirdigi bu stres ve yogunluk, insanlarin dogal ve Kkiiltiirel alanlara yonelerek
rahatlama ve yenilenme ihtiyacini artirmistir (Akin & Giil, 2020).

Bu dogrultuda, alternatif turizm cesitleri giderek daha fazla 6nem kazanmis ve sehirden kagis
noktalar1 olarak doga turizmi ve kiiltiir turizmi 6n plana ¢ikmaistir. Isparta tren gari, uzun yillar
boyunca atil durumda kalmis ve kent i¢inde kullanilmayan bir alan olarak varligini
stirdiirmtistiir. Isparta kent merkezinde yer alan ve 6nemli bir kamusal alan olarak dikkat ceken
Tren Gar1 Millet Bahgesi, bu ihtiyaca cevap vermek amaciyla yeniden diizenlenmis ve turizm
cesitliligine onemli katkilar saglamistir. Bu calisma kapsaminda, Millet Bahgesi Projesi
kapsaminda yeniden islevlendirilen Isparta Tren Gar1 ve ¢evresindeki arazi tescilli kiiltiir
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varliklar1 olan Depo Binasi, Su Deposu ve Lojman Binasi restore edilerek turistik cazibe
merkezlerine doniistiirilmiistiir. Boylece, Isparta’ya yeni bir turizm destinasyonu
kazandirilarak hem tarihi dokunun korunmasi hem de turizm cesitliliginin artirilmasi
saglanmistir. Bu ¢alismanin amaci, Isparta Millet Bahgesi'nin turizm ¢esitliligine katkisini,
endlistri mirasinin yeniden islevlendirilmesini ve alternatif turizm potansiyelini
degerlendirmektir.

Yapilan millet bahgesi ¢caligmasi kente yeni bir peyzaj ve turizm noktast kazandirmasi yani sira
endiistri mirasinin korunmasi noktasinda da ayrica 6nem gostermektedir. Tiim diinya da
endiistri miras1 kavraminin yayginlagmasi ve tasidigi degerin anlagilmasi agisindan dogru bir
sekilde hayata gecirilmis yeniden islevlendirme kazandirilmis endiistri miras1 Ornekleri
cogaltilmahidir. Boylelikle gerceklestirilecek bu basarili endiistri uygulamalar1 ile 6zgiin
nitelikleri yani sira kazandiklar1 yeni islevler ile topluma hizmet etmeye devam edeceklerdir
(Tiilek & Ozdemir, 2019).

Endiistriyel mirasin yeniden islevlendirilmesi agisindan diinya 6rneklerini inceledigimiz de
Amerika da bulunan Rail City Demiryolu Miizesi ve Ingiltere de bulunan Midland Demiryolu
hatt1 6n plana ¢ikmaktadir. Ik buharla ¢alisan demiryolu olan Rail city suan da demiryolu
miizesi olarak hizmet vermektedir. New york da Sandy Creek kasabasin da Ontario Goliiniin
kiyisin da bulunan miize, gar binalari, vagonlar, lokomotifler ve tramvaylar ile alanin tarihsel
yapisini On plana ¢ikarmasi yani sira genis bir demiryolu koleksiyonunu da kesfetme firsatini
ziyaretgilere sunmaktadir. Midland Demiryolu hatti ise zaman igerisin de farkli fonksiyonlar
da kullanilsa da suan itibariyle dikkat ¢ekici bir eglence rotasina doniigmistiir. Midland
demiryolu projesi gerek yaban hayati koruyarak sekilde gerekse de tarihi dokusunu
bozmayacak sekilde hazirlanarak bolge ekonomisine ve alanin ekolojik dokusuna katki
saglayacak sekilde hayata gegirilmistir (Tiilek & Ozdemir, 2019).

MATERYAL VE METOD

Isparta, Tiirkiye’nin Akdeniz Bdlgesi'nin batisinda, Goller Bolgesi olarak adlandirilan alanda
yer almaktadir. Cografi konumu itibariyle Akdeniz, i¢ Anadolu ve Ege Bolgeleri arasinda
stratejik bir gecis noktasi olusturmakta ve bu sayede farkli iklim ve kiiltiirel 6zellikleri bir arada
barindirmaktadir. 1050 metre rakima sahip olan Isparta, giineyde Toros Daglari, kuzeyde ise
Sultan Daglar1 ve S6giit Daglari ile ¢evrilidir. Sehir, Burdur Golii ve Egirdir Golii gibi dogal
gollerle cevrili olup, bu 6zellikleriyle Goller Bolgesi olarak adlandirilmaktadir. Isparta’da
karasal iklim ile Akdeniz iklimi etkileri bir arada goriilmektedir. Yazlar1 sicak ve kurak, kislar
ise soguk ve kar yagish gecmektedir. Ilkbahar ve sonbahar aylarinda ise 1liman bir hava
hakimdir. Isparta ilinin yiizol¢iimii 8.913 km? olup, TUIK’in (2024) verilerine gore toplam
niifusu 446.409 olarak kaydedilmistir. Kent merkezinin niifusu ise 272.797'dir. Tarih boyunca
birgok uygarliga ev sahipligi yapmis olan Isparta, zengin kiiltiirel miras1 ve dogal giizellikleri
ile turizm agisindan biiyiik bir potansiyele sahiptir. Ozellikle giil yetistiriciligi ve hali
dokumacilig1 ile tanman sehir, alternatif turizm acisindan oOnemli bir destinasyon
konumundadir.

Isparta Tren Gart, Isparta kent merkezinde, Karaaga¢ Mahallesi'nde yer almakta olup, 37.4685°
N enlemi, 30.3344° E boylami1 ve 1050 metre rakima sahiptir. Calisma alaninin konumu Sekil
1’de goriilmektedir. Toplam 75.150 m? alana sahip olan bu tarihi yapi, diiz ve uzun bir sekle
sahip olup, ylriiyiis yollar1, rekreatif alanlar ve tarihi yapilar i¢in uygun bir yerlesim diizenine
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sahiptir. Alanin kuzeyinde sehir merkezi ve ticari alanlar, glineyinde ise yesil alanlar ve
yerlesim bolgeleri bulunmaktadir. Istasyon Caddesi Bulvari ile Hiikiimet Konagi’na baglanan
ana ulasim aksmin sonunda yer almakta olup, kentin ticari merkezlerine yakin konumu ve
modern ulagim akslar ile gii¢lii bir erisilebilirlige sahiptir.

e

Sekil 1. Calisma lanmln Ko

iy

numu

Isparta Tren Gar1 1861-1869 yillar1 arasinda Ingilizler tarafindan insa edilen Izmir-Aydmn
Demiryolu Hatti'nin bir pargasidir. Bu hat, Nazilli-Denizli-Dinar giizergahinda uzatilmis ve
1912 yilinda Egirdir’e kadar ulasmistir (Nedim, 2002). Cumhuriyet Donemi'nde, kent
merkezlerine ulagim ihtiyacin1 karsilamak amaciyla Bozanonii-Kulednii hatti yapilmis ve
Isparta kent merkezine ulasim saglanmistir. 1936 yilinda, Basbakan Ismet Inénii tarafindan
diizenlenen torenle Isparta ve Burdur demiryolu hatlar1 hizmete ag¢ilmistir (Hastemoglu &
Erkan, 2013). Isparta Tren Gari, Tiirkiye’deki tek ikiz mimari projeye sahip istasyon olarak
Burdur Tren Gari ile benzerlik gostermektedir. Ikinci Ulusal Mimarlik Dénemi'nde uygulanan
mimari 6zellikleri yansitan bu yapi, uzun, yatay ve dikdortgen bir kiitle olarak tasarlanmistir.
Yapinin icerisinde hangar yapilari, teknik servis binalari, depolar, tuvaletler, biifeler ve
cesmeler yer almaktadir (Cetin, 2010). Isparta Tren Gari, bdlgenin ekonomik ve sosyal
gelisiminde onemli bir rol oynamis olup, Ikinci Ulusal Mimarlik Dénemi'nin modernist
estetigini yansitmaktadir.

Endiistri mirasi olarak kabul edilen bu yapi, Isparta Millet Bahgesi Projesi kapsaminda yeniden
islevlendirilmis ve Depo Binasi, Su Deposu ve Lojman Binasi restore edilerek turizme
kazandirilmigtir. Bu proje, Devlet Demiryollar1 Genel Miidirligii (TCDD 7. Bolge
Miidiirligii) ve Isparta Belediyesi arasinda imzalanan protokol g¢er¢evesinde yliriitiilmiistiir.
Tiirkiye’deki tek aktif tren istasyonuna entegre edilen millet bahgesi olma 6zelligi ile dikkat
cekmekte ve tarihi dokunun korunmasinin yani sira, yerel turizmi desteklemektedir.
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Bu calismada materyal olarak Isparta Tren Gar1 ve gevresi kullanilmistir. Caligmanin ana
materyali olarak secilen bu alan, yerinde gozlem, fotograflama, mekansal analiz ve turizm
potansiyelinin degerlendirilmesi amaciyla incelenmistir. Alan i¢inde yer alan tescilli kiiltiir
varliklart olan Depo Binasi, Su Deposu ve Lojman Binasi, yeniden islevlendirilme siireci
kapsaminda materyal olarak degerlendirilmis ve bu yapilarin turizm ve kiiltiirel faaliyetler i¢in
nasil kullanildig1 analiz edilmistir.

Isparta Millet Bahgesi Projesi’ne ait resmi belgeler, proje raporlar1 ve tasarim planlar1 da
caligmanin materyalleri arasinda yer almaktadir. Bu belgeler, projenin planlama ve uygulama
siireglerinin degerlendirilmesi amaciyla kullanilmistir. Ayrica, Cevre Sehircilik ve Iklim
Degisikligi Bakanligi tarafindan yayimlanan Millet Bahgeleri Rehberi incelenerek
projelendirme siirecinde dikkate alinan kriterler analiz edilmistir.

Tarihi ve kiiltiirel belgeler ile arsiv dokiimanlari, Isparta Tren Gari’nin tarihsel siireci ve
kiiltiirel 6nemi hakkinda bilgi saglamak amaciyla materyal olarak degerlendirilmistir. Bu
kapsamda, tarihi belgeler, haritalar ve arsiv dokiimanlar1 incelenerek, alanin tarihsel baglami
ve kiiltiirel degeri analiz edilmistir.

Son olarak, literatiir taramas1 kapsaminda bilimsel makaleler, kitaplar, raporlar ve yerel
yaymlar incelenmistir. Bu kaynaklar, Isparta ve ¢evresinin turizm potansiyeli ile ilgili teorik
altyapinin olusturulmasina katki saglamis ve ¢alismanin bilimsel temellerini desteklemistir.

BULGULAR VE TARTISMA

Estetik, giizellik olgusunun insanin aklinin ve duygularinin iizerinde biraktig1 etkileri konu
olarak ele alan felsefe dalidir. (Sentiirk, 2013). Estetik kavramindan yola ¢iktigimiz da peyzaj
estetigi ise kiiltlirel ve dogal cevrenin estetik bir nesne olarak degerlendirildigi algisal bir
boyuttur (Tiilek & Ozdemir, 2019). Calisma alanimiz da estetik boyut kapsaminda kiiltiirel
miras ve dogal ¢evrenin biitlinliigii de degerlendirilmistir.

Bu bolimde, Isparta Tren Gari'min Millet Bahgesi Projesi kapsaminda yeniden
islevlendirilmesi siirecinde elde edilen bulgular sunulmaktadir. Caligma alanindaki goézlemler,
proje dokiimanlarinin analizi ve tarihi yapilarin yeniden fonksiyonlandirilmasi siireclerine
dayanan bulgular, tarihi dokunun korunmasi, yeni islevlerin kazandirilmasi ve turizm
potansiyelinin artirilmasi temalar1 etrafinda degerlendirilmistir.

Isparta Millet Bahgesi Projesi, 2021 yilinda proje ¢izimiyle baslamis, 2022 yilinda ihalesi
yapilmis ve 2023 yilinin sonunda tamamlanarak kamu kullanimina a¢ilmistir. Bu siiregte, tarihi
dokunun korunmasi, tescilli yapilarin aslina uygun sekilde restore edilmesi ve kamusal yesil
alanlarin modern peyzaj diizenlemeleriyle zenginlestirilmesi hedeflenmistir. Proje
tamamlandiginda, Isparta kent merkezinde yeni bir turistik destinasyon noktasi olusmus,
kentsel yasam kalitesi artmis ve sosyal bulusma alanlar1 kazandirilmistir. Isparta Millet
Bahgesi, aktif tren gari ile rekreasyon alanini entegre eden ilk 6rnek olarak, kiiltiirel mirasin
korunmasi ve siirdiiriilebilir turizmin desteklenmesi agisindan onemli bir model teskil
etmektedir.

Isparta Tren Gari, Devlet Demiryollart Genel Miidiirligi (TCDD 7. Bolge Miidiirligii) ve

Isparta Belediyesi arasinda yapilan protokol cercevesinde, Isparta Millet Bahgesi Projesi
kapsaminda kullanilmak {izere tahsis edilmistir. Alanin toplam biiytikligii 75.150 m? olup, bu
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genis alan rekreatif kullamimlar, acik yesil alanlar ve turizm faaliyetleri i¢in yeniden
diizenlenmistir.

Acik yesil alanlar insanlarin dis mekanlar da vakit gecirdigi odak noktalardir. Bu yesil alanlar
insanlar arasindaki sosyal bag ve etkilesimi artirmakta ve sosyal baglarin giiclenmesine katki
saglamaktadir. Bu alanlar ayni1 zamanda toplumu meydana getiren her siniftan insan1 bir araya
getirerek toplum arasindaki kaynasmayi artirarak sosyal gerilimin azalmasini da saglayabilir.
Yesil alanlar farkli yas araligindaki insanlarin, yiiriime, karsilasma, sohbet etme gibi sosyal
etkinliklerde bulunabilme firsatlar1 elde ettikleri alanlardir (Kizilaslan, 2007).

Kentsel peyzaj alanlari, tagidig1 estetik giizellik, rekreasyonel ve tarihsel degerler ile bulundugu
kentin cazibesini artirdigi gibi turizm degerini de artirarak sehrin gelir ve istihdamini
yiikseltmektedir. lyi projelendirilen ve hayata gegirilen agik yesil alanlar kentin ekonomisinin
canlanmasina katki saglamaktadir (Uzun, 2005).

Proje kapsaminda, Isparta Belediyesi ile Cevre Sehircilik ve Iklim Degisikligi Bakanlig1
arasinda yapilan is birligi dogrultusunda, alanin Millet Bahgeleri Rehberi ¢ercevesinde turizm
acisindan daha cazip hale getirilmesi hedeflenmistir. Tiirkiye’deki tek aktif tren istasyonuna
entegre edilen millet bahgesi olma 6zelligi tasiyan bu proje, tarihi dokunun korunmasi ve yerel
turizmin desteklenmesi amactyla 6nemli bir rol tistlenmistir.

Gar binasi, aktif olarak kullanilmaya devam etmekte olup, orijinal fonksiyonunu koruyarak
hizmet vermektedir. Tarihi dokusunun korunmas: amaciyla herhangi bir fonksiyon
degisikligine gidilmemistir. Bununla birlikte, alanda yer alan Depo Binasi, Su Deposu ve
Lojman Binas1 gibi tescilli kiiltiir varliklari, Antalya Kiiltiir Varliklar1 Koruma Bolge
Miidiirliigii tarafindan yeni islevler kazandirilarak kullanim alanlar1 ¢esitlendirilmistir. Bu
baglamda, kiiltiirel etkinlikler, sergi alanlari, rekreatif mekanlar ve turistik ¢ekim merkezleri
olarak islevlendirilmislerdir. Bu yapilar, tarithi dokunun korunarak kiiltiirel ve rekreatif
islevlerle entegre edilmesi sayesinde turistik cazibe merkezleri haline getirilmistir. Ayrica,
cocuk oyun alanlari, ¢ay bahceleri ve Isparta bolgesine 0zgii bitkilerle tasarlanan peyzaj
diizenlemeleri ile rekreatif kullanimlar desteklenmis ve alanin turistik cazibesi artirilmistir.
Yoresel bitkilerin kullanilmasi, hem biyocesitliligin korunmasini hem de yerel kimligin
giiclendirilmesini saglamistir.

1. Depo Binast

Depo Binasi, Karaaga¢ Mahallesi 32 ada 5 parselde yer almakta olup, Isparta Millet Bahgesi
Projesi kapsaminda yeniden islevlendirilerek turizme kazandirilmistir. Bu yap1, sanayi devrimi
ile gelisen ulagim aglarinin merkezinde yer alarak kentin tarihi ve kiiltlirel dokusunun énemli
bir parcast olmustur. Mimarlikta ve kiiltiirel miras koruma politikalarinda bir yapiya yeniden
fonksiyon yiiklenerek kullanima sunulmasi yaklasima, kiiltiirel miras 6gelerin de siirdiiriilebilir
mekan elde ederek bu yapilar1 korunmasina ve gelecek kusaklara aktarilmasi yontemi yol
gosterici ve dnemli bir yontemdir (Bekar, Liileci & Cakir, 2023). Endiistri miras1 olarak kabul
edilen Depo Binasi, gecmiste tren garinin depo binasi olarak kullanilmis ancak zamanla atil
duruma dismiistiir (Sekil 2).
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Sekil 2. Depo Binasi

Depo Binasi, su deposunun kuzeyinde, istasyon alaninin baglangi¢ noktasi olarak stratejik bir
konumda yer almaktadir. Kuzeybati-giineydogu yoniinde uzanan yapi, 13.49 x 24.96 m
Olciilerinde dikdortgen planli, tek katli ve yiiksek tavanli olarak insa edilmistir (Sekil 3). Yigma
teknikle insa edilen binada tas malzeme kullanilmis olup, alt kademelerde ii¢ sira yatay
diizlemde yerlestirilmis apartman taglar1 kullanilarak yapilandirilmistir. Beden duvarlari, sar
renkte siva ve boya ile kaplanarak sade ve estetik bir goriiniim elde edilmistir.

VAZIYET PLANI 1200

Sekil 3. Depo Binas1 Vaziyet Plani

Ic mekana, giineydogu cephesinde yer alan ¢ift kanath ve dikdortgen iki acikliktan giris
saglanmaktadir (Sekil 4a). Demiryoluna bakan glineydogu cephesi disinda herhangi bir kap1
acikligt bulunmamaktadir. Gilineydogu yoéniinde, lokomotif gegisleri igin tasarlanmig
dikdortgen formda, 5.00 m yiiksekliginde ve 4.20 m genisliginde iki 6zgiin ahsap kap1 yer
almaktadir. Ayrica, bu kapilarda 1.90 m yiiksekliginde ve 90 cm genisliginde tek kanatli insan
gegcislerini saglayan kapi agikliklar: da bulunmaktadir.

I¢ mekanda, lokomotiflerin tamir edildigi ana mekan dikkat ¢cekmektedir (Sekil 4b). Bu ana
mekan, ince bir beton sapla kapli olup, iki tamir ¢cukurundan biri moloz dolgu ile kapatilmistir.
Giineybat1 i¢ cephede, 6 adet nizami bi¢imde ve ayni Olgiilerde yapilan demir dogramali
pencereler yer alirken (Sekil 4c), kuzeybati kanadinda 4 adet ayn1 6zelliklere sahip pencere
bulunmaktadir (Sekil 4d). Ozgiin demir pencere dogramalarinda, bakimsizliktan dolay1 cam
kirilmalart ve demir elemanlarinda korozyon goriilmektedir. Cat1 ortli sistemi, 5 adet ahsap
makas sistemi ile desteklenmistir (Sekil 4e ve Sekil 4f). Cepheler, tamamen sade bir tasarima
sahip olup, herhangi bir siisleme veya dekoratif eleman kullanilmamistir. Girisg, yalnizca dogu
cephesinden yapilmakta ve demiryoluna bakan giineydogu cephesi disinda herhangi bir kap1
aciklig1 bulunmamaktadir.
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74 - f.
Sekll 4. a. Depo Binasi Girigi, b. Depo Binas I¢i, c. 6 Adet Pencere Aglkllgl d. 4 adet
Pencere Aciklig, e,f. Ust Ortiiyii Tasiyan Ahsap Makas Sistemi

Depo Binasi, Isparta Millet Bahgesi Projesi kapsaminda yeniden islevlendirilerek millet
kiraathanesi ve kafeterya olarak tasarlanmistir (Sekil 5). Bu doniisiimde, kiiltiirel miras koruma
politikalarina uygun olarak yapinin 6zgiin yapisal 6zellikleri korunmus, tarihi dokusu ve
mekansal diizeni modern ihtiyaclarla birlestirilmistir. Millet kiraathanesi olarak kullanima
acilan bu tescilli yapi, hem halkin sosyal bulusma noktasi haline gelmis hem de turizm
potansiyelini artirarak bolgenin cazibesini yiikseltmistir.
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7 Sel 5. Millet Kiraathanesi Tasarimi

Endiistri mirasinin turizm amaglhi yeniden canlandirilmasi kapsaminda, Depo Binasi,
Isparta’nin kiiltiirel mirasina sahip ¢ikilarak nostaljik bir mekana doniistiiriilmiistiir. Gegmisin
izlerini modern ¢izgilerle birlestiren bu mekan, gastronomik tatlar sunan kafeterya isleviyle
ziyaretcilere egsiz deneyimler sunmaktadir. Bu doniisiim, sadece kiiltiirel ve tarihl mirasin
korunmasina katki saglamakla kalmamis, ayn1 zamanda turistik cazibenin 6nemli Olciide
artmasina da olanak tanimistir.

Depo Binasi, gegmisin derin izlerini tasiyan bir mekan olarak, toplumun kiiltiirel ve sosyal
yasaminda Oonemli bir rol listlenmektedir. Sanayi devriminden bu yana kentlerin tarihini
yansitan tren garlarinin ayrilmaz bir pargasi olan bu yapi, Isparta’nin tarihi ve kiiltiirel bellegini
canli tutarak gelecek kusaklara aktarilmasini saglamaktadir.

Bu doniisiimle birlikte, millet kiraathanesi olarak islevlendirilmesi, toplumsal bulugma noktasi
olarak hizmet verirken, ayn1 zamanda yerel halkin sosyallesmesine ve turistlerle kiiltiirel
etkilesimin artmasina olanak tanimaktadir. Isparta’nin gastronomik kiiltiiriinii tanitmak
amactyla yerel lezzetlerin sunulmasi, turistik ¢ekim giiclinii artirarak kentin ekonomik
gelisimine de katki saglamaktadir.

Depo Binasi’nin yeniden islevlendirilmesi, endiistri mirasinin turizm amagh canlandirilmasi
konusunda basarili bir 6rnek teskil etmektedir. Tarihi dokunun korunmasi, yeni islevler
kazandirilmasi1 ve turistik cazibenin artirilmasi ag¢isindan Onemli bir model olarak
degerlendirilebilir.

Bu baglamda, Isparta Millet Bahgesi Projesi, kentsel turizmi destekleyen ve kiiltiirel
stirdiiriilebilirligi gli¢lendiren bir yaklasimi ortaya koymaktadir. Endiistri mirasinin korunarak
yeniden islevlendirilmesi, sadece turizm potansiyelini artirmakla kalmamis, ayn1 zamanda
Isparta’nin kiiltiirel kimligini giiglendiren ve toplumsal hafizay: diri tutan bir mekan haline
gelmesini saglamistir.

Bu bulgular, Isparta Depo Binast’nin kiiltlirel ve turistik anlamda yeniden canlandirilmasi

yoluyla, endiistri mirasinin korunmasi ve siirdiiriilebilir turizmin nasil basarili bir sekilde
entegre edilebilecegini gostermektedir.
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2. Lojman Binasi

Lojman Binasi, Karaaga¢c Mahallesi 32 ada 5 parselde, su deposunun giineyinde ve istasyon
sahasinin merkezi konumunda yer almaktadir. Kuzeybati-glineydogu yoniinde uzanan yapi,
18.90 x 10.70 m boyutlarinda olup, dikdortgen planlh ve girintili ¢ikintili bir forma sahiptir
(Sekil 6). Demiryolu hattina paralel olarak insa edilen bu yap1, birbirinden bagimsiz iki evden
olusmakta olup, dogu ve bat1 cephelerinde yer alan iki ana girise sahiptir. Bu girisler, yapiya
sonradan eklenen ahsap bdlmeler ile saglanmaktadir. Simetrik plan tipolojisi ile tasarlanmig
olan yapi, bagimsiz iki ev olarak hizmet vermektedir.

Sekil 6. Lojman Binas1 Vaziyet Plani

Lojman Binasi, bodrum, zemin ve birinci kat olmak {izere ii¢ katli olarak insa edilmistir (Sekil
7). Tas malzemeden kagir yigma teknigi kullanilarak insa edilen yapinin bahgesinde, beton
malzemeden yapilmis kiiciik bir havuz bulunmaktadir. Cat1 sistemi, ahsap konstriiksiyon
tizerine Marsilya tipi kiremit kapl olarak tasarlanmistir. Yapmin ¢evresinde, beton cevre
duvar yer almakta olup, bu 6zellikler lojman binasinin tarihi dokusunu ve 6zgiin mimari
yapisin1 korumaktadir.

Sekil 7. Lojman Binast Gortiniimii 7

Lojman Binasi, ge¢misin izlerini ve tarihi dokusunu giiniimiize tasiyan nadir yapilardan biri
olup, Isparta Millet Bahcesi Projesi kapsaminda yeniden islevlendirilerek turizme
kazandirilmistir (Sekil 8). Gegmiste tren gari ¢alisanlarinin lojmani olarak kullanilan bu yapi,
zamanla atil duruma diismiis ancak kiiltiirel mirasin korunmasi ve siirdiiriilebilir turizm
amactyla aslina uygun sekilde restore edilerek yeni islevlerle yeniden hayata kazandirilmistir.
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A L de
Sekil 8. Lojman Binas1 Tasarimi1

Bu lojman binasi, kadinlara yonelik geleneksel el sanatlar1 merkezi olarak yeniden
islevlendirilmistir. Bu islevlendirme ile birlikte, gecmisin ruhunu yansitan bu tarihi yapi,
kadmlarin meslek Ogrenebilecekleri, sanatsal faaliyetlerde bulunabilecekleri ve ekonomik
katki saglayabilecekleri bir mekén haline getirilmistir. Kadinlara yonelik geleneksel el sanatlari
merkezi olarak islevlendirilmesi, hem kiiltiirel stirdiiriilebilirligi desteklemekte hem de alanin
turizm cazibesini artirmaktadir.

Bu doniisiim, yalnizca kadinlarin ekonomik bagimsizligint desteklemekle kalmamis, ayni
zamanda Isparta’nin geleneksel el sanatlarini tanitarak kiiltiirel mirasin yasatilmasina da katki
saglamistir. Kadinlarin el sanatlari lirtinlerini sergileyebilecekleri ve satisini yapabilecekleri bu
merkez, yerel turizmi destekleyen ve kiiltiirel siirdiiriilebilirligi gii¢lendiren bir model olarak
one ¢ikmaktadir.

Lojman Binasi’nin yeniden iglevlendirilmesi, endiistri mirasinin turizm amagl canlandirilmasi
acisindan basarili bir 6rnek olarak degerlendirilmektedir. Tarihi dokunun korunarak yeni
islevler kazandirilmasi, yalnizca turizm potansiyelini artirmakla kalmamis, ayni zamanda
Isparta’nin kiiltiirel kimligini giiclendiren ve toplumsal hafizay1 diri tutan bir mekan haline
gelmesini saglamistir.

Isparta Millet Bahgesi Projesi kapsaminda yeniden hayat bulan bu lojman binasi, ge¢cmisin
izlerini modern ¢izgilerle birlestirerek, kiiltiirel mirasin korunmasi ve siirdiiriilebilir turizmin
nasil entegre edilebilecegini gdstermektedir. Nostaljik atmosferi ve sanatsal faaliyetlerle
zenginlestirilmis i¢ mekanlari ile turistik cazibesini artirmig olup, Isparta’nin sosyal ve kiiltiirel
yasaminda dnemli bir bulugma noktas1 haline gelmistir.

3. Su Kulesi

Su Kulesi (Sekil 9), Isparta ili Merkez Karaagag Mahallesi 32 ada 5 parselde yer almakta olup,
istasyon binasi ve miistemilatlar: ile ayni1 tarihte insa edilmistir. Lokomotiflerin su ihtiyacini
karsilamak amaciyla yapilan bu yapi, teknolojik gelismelerle birlikte iglevini yitirmis ve
zamanla atil duruma diigmiistiir. Ancak, mimari goriiniimiiyle nostaljik bir atmosfer sunan su
kulesi, tarih severler ve fotograf tutkunlari i¢in ilgi ¢ekici bir mekan haline gelmistir. Orijinal
yapisina sadik kalinarak gercgeklestirilen restorasyon ¢alismalari, gelecek kusaklara aktarilmasi
amacityla Isparta Millet Bahgesi Projesi kapsaminda 6nemli bir adim olmustur.
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Sekil 9. Su Kulesi Goriintimii

Su Kulesi, birbirinden bagimsiz iki bdlmeden olusmakta olup, 105 m? alana sahiptir.
Demiryolu hattina paralel olarak insa edilmis olan yapi, dikdortgen ve kare formun
birlesiminden olugmaktadir (Sekil 10). Dikdortgen formda zemin kat ve kare formda zemin+2
kat olarak tasarlanan yapida, tas malzemeden kagir yigma teknigi kullanilmistir. Cat1 sistemi,
ahsap konstriiksiyon iizerine Marsilya tipi kiremit kapl olarak tasarlanmistir.
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Sekil 10. Su Kulesi Mimari Cizimi

Zamanla, baz1 kapilar ve pencere dogramalar1 degistirilmis ve zemin kat tavan désemelerinde
Ozglin ahsap kaplamalarda hasarlar meydana gelmistir. Yapida, yer yer dokiilmeler ve
kararmalar goriilmektedir. Restorasyon calismalari, orijinal dokunun korunmasi amaciyla
titizlikle gerceklestirilmis ve estetik dokusu ile gegmisin nostaljik izlerini giiniimiize tagimistir.

Su Kulesi, Isparta Millet Bahgesi Projesi kapsaminda fotograf ¢ekim noktasi olarak yeniden
islevlendirilmis ve turistlerin ugrak mekani haline getirilmistir. Estetik dokusu ve essiz mimari
gorlinlimii ile fotograf tutkunlarinin dikkatini ¢eken bu yapi, gegmisin izlerini modern turizm
deneyimleriyle bulusturarak turistik cazibesini artirmistir.

v,

Sekil 11. Su Kulesi ar1m1
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Su Kulesi’nin fotograf ¢cekim noktasi olarak yeniden islevlendirilmesi, siirdiiriilebilir turizm
acisindan yaratici bir deneyim noktasi olusturmus ve turistik destinasyon olarak ¢ekim giiclinii
artirmistir. Ge¢gmisin izlerini giiniimiize tasiyan bu kiiltiirel miras 6gesi, nostaljik atmosferi ve
estetik mimarisi ile turistlerin ilgisini ¢eken bir turizm destinasyon noktasi olarak 6ne ¢ikmustir.

Su Kulesi’nin yeniden iglevlendirilmesi, yalnizca tarihi dokunun korunmasini saglamakla
kalmamis, ayn1 zamanda Isparta’nin kiiltiirel kimligini giiclendiren ve toplumsal hafizay1 diri
tutan bir mekan haline gelmesini saglamistir. Ge¢migin derin izlerini modern ¢izgilerle
birlestiren bu yap1, Isparta Millet Bahgesi Projesi kapsaminda siirdiiriilebilir turizmin nasil
kiiltiirel mirasla entegre edilebilecegini gostermektedir.

Isparta Millet Bahgesi Projesi kapsaminda gerceklestirilen restorasyon uygulamalari, Su
Kulesi’nin estetik dokusunu koruyarak yaratict turizm deneyimleri sunmus ve turistik
cazibesini dnemli 6l¢iide artirmistir. Gegmisin nostaljik atmosferi, modern turizm anlayisiyla
bulusturularak kiiltiirel stirdiiriilebilirlige katki saglanmustir.

Bu baglamda, Su Kulesi, endiistri mirasinin turizm amagli yeniden canlandirilmast konusunda
basarili bir Ornek olarak degerlendirilmektedir. Geg¢misin dokusunu modern turizm
deneyimleriyle birlestirerek, Isparta’nin sosyal ve kiiltiirel yasaminda 6nemli bir turistik
destinasyon noktasi haline gelmistir.

SONUC VE ONERILER

2018 yilinda Cevre Sehircilik ve Iklim Degisikligi Bakanhig: tarafindan yayimlanan Millet
Bahgeleri Rehberi dogrultusunda 81 ilde baslatilan millet bahgesi projesi kapsaminda, yillarca
atil durumda kalan ve metruk goriiniimiiyle kentsel estetigi olumsuz etkileyen Isparta Tren Gar1
ve arazisi, bu proje ile sehrin 6nemli bir cazibe merkezine doniistiiriilmiistiir.

Bu makalede, 1932 yilinda hizmete agilan ve uzun yillar boyunca bdlgenin ulasim ihtiyacini
karsilayan Isparta Tren Gari, tarihsel siireci, iizerinde yer alan tescilli yapilar1 ve Millet Bahgesi
Projesi kapsaminda kazandirilan yeni fonksiyonlar: ile birlikte ele alinmigtir. Isparta kent
merkezinde yer alan 75.150 m?’lik genis bir alana sahip bu millet bahgesi, kamusal yesil alan
olarak diizenlenmis ve kent merkezinde turizm acisindan yeni bir destinasyon noktasi
olusturmustur.

Son yillarda demiryolu kullaniminin azalmasi sonucunda metruk ve kullanilmaz hale gelen bu
alan, hazirlanan restorasyon ve yeniden islevlendirme projeleri ile turizm potansiyelini
artiracak sekilde yeniden diizenlenmistir. Gar arazisi lizerinde yer alan dort adet tescilli yapiya
yeni fonksiyonlar kazandirilarak halkin kullanimina sunulmus ve sehrin merkezi konumunda
yer alan bu alana yiiklenen yeni iglevlerle Isparta’nin 6nemli bir cazibe merkezi haline gelmesi
saglanmustir.

Gar sahasi igerisinde yer alan tescilli yapilar, uzun siire kullanim dis1 kalmalarina ragmen,
O0zglin mimari Ozelliklerini biiylik o6l¢iide korumus ve tarihi dokulari bozulmamustir.
Restorasyon projelerinde, 6zgiin yapilar korunarak rolove, restitiisyon ve restorasyon projeleri
hazirlanmis; alanin biitlinciil peyzaj projesi kapsaminda bakim ve onarimlar1 tamamlanarak
yeni iglevlerle halkin kullanimina sunulmustur. Modern peyzaj diizenlemeleri ile kamusal agik-
yesil alan olarak yeniden tasarlanan bu bolge, sosyal bulusma noktasi olarak kentsel yasam
kalitesini artirmistir.
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Proje kapsaminda, yillardir yolcu tasimaciliginda kullanilmayan tren garinda yeniden tren
seferleri baslatilarak, Isparta Tren Gari, Tiirkiye nin ilk aktif tren gara entegre edilmis millet
bahgesi unvanmi kazanmistir. Aktif tren gar1 olarak Isparta Millet Bahgesi, ulasim ile
rekreasyonun entegre edildigi onemli bir kentsel mekan haline gelmis, turistik destinasyon
olarak farklilasarak diger millet bahgelerinden ayrilmistir.

Gegmisten gilinlimiize varligini siirdiiren millet bahgeleri, bulunduklar1 kentlerin en ugrak
noktalar1 olarak sosyal ve kiiltiirel etkilesimi desteklemektedir. Isparta Millet Bahgesi, aktif
tren gar1 alaninda yapilmasi ve farkli fonksiyonlarla donatilmis tescilli yapilari ile turizm
destinasyonu olarak 6n plana ¢ikmay1 bagsarmustir. Isparta kent merkezi, dogal ve kiiltiirel
degerleri, kentsel ekoturizm ve Kkiiltiirel miras yonetimi agisindan biiylik bir potansiyel
barmdirmaktadir.

Bu potansiyelin turizm agisindan degerlendirilmesi, kentin turizmden alacagi pay1 artirmanin
yant sira, siirdiiriilebilir kent gelisimini ve kaynak degerlerinin korunmasini destekleyecektir.
Millet bahgesi projesi, kentsel turizmin gelistirilmesi ve Isparta’nin kiiltiirel mirasinin
korunmasi agisindan Ornek bir model olusturmus ve siirdiiriilebilir turizmin nasil kiiltiirel
mirasla entegre edilebilecegini gostermistir.

Bu tiir projeler, Isparta’da yasayan insanlarin kiiltiirel miras farkindaligini artirmak, turistlerle
kiiltiirel etkilesimlerini gii¢clendirmek ve yerel ekonomiye katki saglamak amaciyla 6nemli bir
rol istlenmektedir (Akkus & Giil, 2020). Turizmin gelismesiyle birlikte, Isparta kentinin
taninirliginin - artmasi, daha fazla turistin ¢ekilmesi ve kentin ekonomik gelisiminin
desteklenmesi beklenmektedir.

Sonug olarak, Isparta Millet Bahgesi Projesi, endiistri mirasinin korunmasi, yeniden
islevlendirilmesi ve turizme kazandirilmasi a¢isindan basarili bir 6rnek teskil etmektedir.
Gecmisin izlerini modern cizgilerle birlestiren bu proje, Isparta’nin kiiltiirel kimligini
giiclendiren, toplumsal hafizay:1 diri tutan ve siirdiiriilebilir turizmi destekleyen bir model
olarak onemli bir rol tistlenmistir.

Gelecekte benzer projeler gelistirilirken, kiiltiire]l mirasin korunmasi ve siirdiiriilebilir turizmin
desteklenmesi amaciyla biitiinciil ve katilimer yaklasimlar benimsenmelidir. Isparta Millet
Bahgesi Projesi’nin basarisi, kiiltiirel mirasin yeniden islevlendirilerek turizme kazandirilmasi

yoluyla, kentlerin kiiltiirel kimliklerinin gii¢lendirilmesine ve ekonomik kalkinmanin
desteklenmesine 6nemli katkilar saglayabilecegini gostermektedir.

YAZAR KATKILARI

Bu makalede tek yazar gorev almistir.
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OZET: Diinya niifusundaki hizli artis, kentsel mekanlarin insan iizerinde olusturdugu baskiy1
giderek arttirmaktadir ve bu baski insan sagligin1 olumsuz yonde etkilemektedir. Biyofilik
tasarim, son yillarda kentsel planlama g¢alismalarinda dogay1 ve dogal c¢evreyi 6n plana
cikarmay1 amaglayan, dogala yakin kentsel tasarimlar olarak adlandirilan bir planlama
yaklagimidir. Son yillarda oldukga fazla biyofilik tasarim 6rnekleri sunan mekan kurgulari
olusturulmus, “biyofili” terimi mimarlik, sehir planlama, peyzaj mimarlig1 ve kentsel tasarim
alanlarinda 6nem kazanmis ve tasarimlara yansimistir. Biyofilik tasarim, dogadan ilham
alinarak tasarlanan mekanlar1 yapili ¢evreye dahil etmeyi ve yasam kalitesini ylikseltmeyi
amaclar. Fonksiyonel oldugu kadar, zihinsel refah1 da saglayan bir tasarim anlayisidir. Kent
parklar1 da kullanicilara doganin giizelliklerini sunarak insanlarin dogaya kars1 pozitif tutum
sergilemesine yardime1 olan, kendilerini doganin bir parcasi gibi hissetmelerini saglayan 6zel
bahgelerdir. Bu ¢alismada Samsun Cakirlar Koru Parki ¢alisma alaninda biyofilik tasarim
parametrelerinin irdelenmesi amaclanmistir. Bu kapsamda, biyofilik tasarimin ondort
parametresinin yerinde gozlemler ve fotograflama teknigi kullanilarak degerlendirilmesi
yapilmistir. Buna bagli olarak ¢alisma alaninin biyofilik tasarim parametrelerinden “mekanda
doga” parametresine %50 oraninda, “dogal analoglar”a %21 oraninda, “mekanin dogasi” na
ise %29 oraninda uyum sagladig: tespit edilmistir, biyofilik tasarimlarin insanlara mutlu ve
saglikli cevreler sunacagi diisiincesiyle biyofilik tasarim yaklasgiminin yayginlagtirilmasi
gerekliligi yoniinde 6nerilerde bulunulmustur.

Anahtar kelimeler: Biyofilik tasarim, biyofilik tasarim parametreleri, kent parklari
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EVALUATION OF URBAN PARKS ACCORDING TO BIOPHILIC
DESING PARAMETERS: CASE OF SAMSUN URBAN PARK

ABSTRACT: The rapid increase in the world population gradually increases the pressure that
urban spaces put on people, and this pressure negatively affects human health. Biophilic design
is a planning approach called naturalization of urbanization, which aims to highlight nature and
natural environment in urban planning studies in recent years. In recent years, space setups that
offer biophilic design examples at many different spatial scales have been created, and the term
“biophilia” has gained importance in the fields of architecture, city planning, landscape
architecture and urban design, has been reflected in designs. Biophilic design aims to include
spaces inspired by nature into the built environment and improve the quality of life. It is a
design approach that provides not only functional and visual discipline but also mental well-
being. Urban parks are special gardens that offer their users the beauties of nature, helping
people to have a positive attitude towards nature and making them feel like a part of nature. In
this study, it is aimed to examine biophilic design parameters in the example of Samsun
Cakirlar Park. For this purpose, 14 criteria of biophilic design were evaluated using on site
observations and photography techniques. Accordingly, it was determined that the study area
complied with the biophilic design parameters of "nature in space" by 50%, "natural analogs"
by 21%, and "nature of place" by 29%, and suggestions were made that biophilic design
parameters should be widespread, based on the idea that people will be happier and healthier
thanks to biophilic designs.

Keywords: Biophilic design, biophilic design parameters, urban parks.

GIRIS

Biyofili; insanlara fiziksel oldugu kadar zihinsel saglik, yasamsal memnuniyet sunmak
amactyla dogayla biitlinlesme ¢abasi olarak tanimlanabilmektedir (Kellert, 2014). Wilson
tarafindan 1984 yilinda Onerilen ‘biyofili’ terimi, siirdiiriilebilirlik yaklagimiyla kentsel
planlamaya yeni bir anlayis getirmistir (Ozden, 2019). Siirdiiriilebilir ve iklim degisikligine
dayanikli kentlesme anlayisin1 da destekleyen biyofilik yaklasim, biiyilik ya da kiiclik 6lgekte
doga esasli ¢coziimler sunmay1 hedefler, kentsel tasarimin dogay1 ve dogal unsurlari igermesi
gerektigini belirtir (Beatley & Newman, 2013).

Endiistrilesme ve beraberinde gergeklesen teknolojik gelismelerle, insanlarin dogaya zararlar
artmig, ¢evre sorunlart son yillarda ciddi boyutlara ulasmistir. Hizli ekonomik biiyiimenin
yarattig1 c¢evre sorunlar1 ve atiklar, iklim degisiklikleri, kiiresel 1sinma, en 6nemli ¢evre
sorunlar1 arasinda yer almaktadir (Heywood, 2007). Endiistrilesme ve kentlesmeyle bozulan
insan-doga birlikteligini canlandirmak i¢in ‘dogaya geri doniis’ anlayisiyla ¢evre koruma
bilinci dogmustur (Dobson, 1996). Son yillarda, cevreyle dost yaklasimlar gelismis,
cesitlenerek bir¢ok ¢evreci yaklagimi ortaya ¢ikarmistir. Bu yaklasimlar arasinda bahge-kent,
yesil tasarim, ekolojik tasarim ve biyofilik tasarim gibi siirdiirebilir planlama ve tasarim ilkesini
tasiyan, insan ve doga etkilesimine vurgu yapan yaklasimlar yer almaktadir (Abdollahi &
Oktay, 2020).

Biyofili, eski Yunan dilinde ‘yasam sevgisi’ anlamima gelmektedir (Diindar, 2021). ilk olarak
1960 yillarda Erich Fromm tarafindan “The Heart of Man” adli kitabinda kullanilmis ve
yaklasik 20 y1l sonra Edward Wilson tarafindan ‘Biophilia’ (1984) adl1 kitabinda tanimlanmis
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ve popiiler hale getirilmistir (Fromm, 2023). Bu terim ‘yasama kars1 duyulan sevgi’ olarak da
tanimlanmaktadir (Geng et al., 2018). Zamanla Stephen Kellert ve Wilson biyofili kavramini,
‘Biyofilik Tasarim’ olarak mimarlik alanina dahil etmeyi basarmiglardir. Biyofili tasarimi ilk
defa Kellert ve Wilson’in ortak ¢aligmasi olan, 2005’te yayimlanan ‘Building For Life’ adli
eserleriyle tanimlanmistir. 2008 yilinda ‘Biyofilik Tasarim’ kavrami, ‘Biophilic Design’ isimli
kitap ve birgok c¢alismayla desteklenerek derlenmistir (Corakgi, 2016). Biyofilik tasarim
‘insanlarin yasadig1 yapili ¢evresine dogal ya da dogay: taklit eden elemanlarin getirilerek
insan ve doga iliskisinin siirdiiriilebilir olmasina destek olan tasarimlar olarak tanimlanabilir
(Abdollahi & Oktay, 2020).

Insanlarin dogayla olan iliskisini siirdiirme egilimi tarihsel siire¢c boyunca gozlenmektedir.
Biyofilik tasarim, insanlarin evrimsel siire¢ igerisinde hayatla kurdugu bagi 6nemsemektedir.
Bu bagi, dogayla yakinlik hissi olarak tanimlamaktadir ve bu duyguyu her insan tasir. Biyofili
tasarimi, insanlarin dogal unsurlarla arasinda gecen duygusal etkilesimin yoniinii de belirler
(Bayraktaroglu et al., 2014). Insanlarm dogal diinya ihtiyaclar1 kapsaminda yiiriitiilen
caligmalar, dogal diinyanin insani tamamlayict bir parcasi oldugunu one siirmektedir. Bu
durum goz ardi edildiginde yalnizca diinyaya zarar vermekle kalmayip, yasam kalitesinin
azaldigini ve insan saghiginin etkilendigi goriiliir (Pollack, 2006). Son yillarda, dogay: taklit
eden ortamlarin kullanici memnuniyetini nasil etkiledigini belirlemek amaciyla cesitli
caligmalar yapilmigtir. Bu ¢alismalar, biyofilik tasarimin ne oldugunu net bir sekilde ortaya
koymaktadir (Salingaros & Masden, 2008). Beatley (2011); biyofilik tasarimin kentlerde
desteklenmesi gerektigini, kentsel planlama ve tasarim alaninda doganin ve dogal sistemlerin
on plana cikarilmas: gerektigini savunmaktadir. Bu gorlisii Russo ve Cirella’da (2017);
biyofilik anlayisla tasarlanan kentlerde yasamsal kalitenin artacaginmi ifade etmektedir. Bu
kapsamda yapilan aragtirmalar kentsel tasarim siirecinde biyofilik tasarim yaklagiminin
uygulanabilecegini ortaya koymaktadir (Derr & Lance, 2012; Scharoun & Montana, 2013;
Ojamaa, 2015; Onuk et al., 2015; Diizenli et al., 2017; Downton et al., 2017; Al-Rhodesly et
al., 2018; Zari, 2019). Ayrica, biyofilik tasarim kentler i¢in birer firsattir ve yapisal cevreye
kiigtik miidahalelerle uygulanabilir (Fischl, 2016).

Caligma kapsaminda, Samsun Cakirlar Koru Parki literatiirde basarili uygulamalarla dikkat
ceken biyofilik tasarim kriterleri baglaminda degerlendirilmeye calisilmistir. Bu ¢alismada,
Samsun Cakirlar Koru Parki’ndan alinan goriintiilerle nitel gézleme dayali bir arastirma
yapilmistir.

Biyofilik Tasarum Parametreleri

Kentsel planlama; gelecege yonelik insanlarin ihtiyaglarinin planl ve kontrollii bir yaklagimla
gelistirilebilmesi i¢in oldukc¢a 6nemlidir. Dogal ¢evreyle yapili ¢evre arasindaki etkilesimin
analiz edilmesi biiylik 6nem tasir (Suri, 2018). Topografya, iklim gibi unsurlar planlama
siirecinde degerlendirilerek dogal ¢evreyle olan baglanti gii¢lendirilmelidir. Kentsel mekan
tasariminda Onerilecek biyofilik tasarim kararlari, doga manzarasiyla olan gorsel baglantinin
giiclendirilebilmesini saglar (Unal, 2021). Yapilan bir¢ok arastirma, dogayla etkilesimin
oldugu ortamlarla baglant1 kurmanin stres hormonunu azalttigini, zihinsel sakinlik sagladigin
kanitlamistir (NHS, 2022).

Biyofili tasarimi ii¢ ana parametreden olusmaktadir (Coulthard, 2020). Bu parametreler;
“mekanda doga”, “dogal analoglar” ve “mekanin dogas1”dir (Tablo 1). Bitki, su ve hayvanlarin
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yani sira hava, 1s1, ses, koku gibi diger dogal unsurlar1 igeren bu parametreler kentsel bir
mekanda dogrudan ele alinarak, gorsel baglantilarin olusturulmasiyla en giiclii dogal etkiyi
sunmaktadir (Browning et al., 2014).

Tablo 1. Biyofilik Tasarim Parametreleri (Xue et al., 2019; Ryan et al., 2014; Browning et al.
2014; Geng et al., 2018).

1.Doga manzarasina gorsel baglanti; Dogal elemanlara, dogal siireglere, canli sistemine
bakis.

2.Dogaya gorsel olmayan baglanti; Dogal elemanlara, dogal siireglere ve canli sistemine
kaynak olusturan isitsel ve dokunsal uyaranlar.

Mekanda 3.Ritmik olmayan duyusal uyaranlar;, Cimenlerin veya yapraklarin esintiyle hareket
Doga etmesi, su yiizeyinin dalgalanmasi gibi istatistiksel olarak analiz edilebilen rastlantisal
degiskenler.

4. Is1 ve hava akimi degiskenligi; Hava sicakligindaki degisiklikler.

5. Suyun varhgi; Suyu gormek, isitmek ve dokunmak.

6. Dinamik ve daginik 1s1k; Dogada meydana gelen aydinlatma kosullarini, 151k ve golge
yogunluklariyla taklit etmek.

7. Dogal sistemlerle iliski; Mevsimsel degisiklikler gibi dogal stireclerin farkindalig.

8.Biyoformik form ve ériintiiler; Dogada yer alan sekil ya da dokularin sembolik temsilleri.
Dogal 9. Dogal Malzeme Kullanimi;Yerel ekolojiyi yansitan ve ayr1 bir mekan kurgusu olusturan
Analoglar dogal malzeme kullanimu.

10. Karmasa ve diizen; Dogada yer alan simetri ve hiyerarsinin tasarima yansitilmasi.

11.Manzara; Uzun mesafeli ve engelsiz goriis alani.

12.S1Z1mnma; Bireyin ¢evresel kosullardan korunan bir konuma ¢ekilmesi.

Mekanin 13.Gizem; Kismen gizlenmis goriis agilar1 ile bireyde daha derine gitme meraki uyandiran
Dogasi tasarim anlayisi.

14.Risk; Giivenilir bir koruma alaniyla tanimlanabilir bir tehdit.

Kent Parklari Uygulamalarinda Biyofilik Tasarim

Kent parklari, kalabalik kent yogunlugu igerisinde dogayla ozgiirce etkilesim igine girmeye
olanak saglayan, insanlara ¢esitli sosyal etkinlik alanlar1 olusturan mekanlardir. Kent parklari
orman, koru gibi dogal peyzaj unsurlarini, insanlarin kullanimina ydnelik yiiriiytis parkurlari,
gezinti alanlar1 gibi rekreasyonel etkinlik alanlariyla iligkilendirir (Atanur & Ersoz, 2020).
Zumthor (2010); kentsel planlamanin hayatla fiziksel bir bag kurdugundan bahseder.

Modern yasamda giinliik hayatin biiylik bir kismmi yapili ¢evre igerisinde gegiren insanin
mekanla kurdugu temas, kentsel planlamalar s6z konusu oldugunda daha da Onem
kazanmaktadir. Gullikson (2010), kentsel planlama ve tasarimin siirdiiriilebilir bir yaklagimla
ele alinabilmesi amaciyla biyofili tasarimimnin bir firsat sundugunu, doganin yapay cevre
icerisine serpistirilmesinden daha ¢ok, insanlar tarafindan deneyimlenebilir olmasinin daha
onemli oldugundan bahsetmektedir. Mimarlik alaninda biyofilik tasarim, mimari projelerin
dogadan esinlenilerek tasarlanan elemanlar1 igermesiyle iliskilendirilen, insanlarin dogal
cevreyle etkilesim i¢ine girmesine olanak taniyan bir yaklasimdir. Kentsel mekénlara dogal
elemanlarin entegrasyonu ile dogal diinyayla daha fazla temas saglanarak dogal cevreyle
uyumlu alanlarin olusturulmasi hedeflenir (Beatley, 2011; Browning & Ryan, 2020; McGee
vd., 2019; Soderlund & Newman, 2015).

Biyofilik tasarimla ilgili yapilan arastirmalarda artis oldugu goriilmektedir (Akyildiz, 2023).
Sehir-Bolge Planlama alaninda biyofilik tasarim; kentlerdeki yesil dokunun korunmasini,
dogal alanlarin ve dogal cevreyle olan etkilesimin artirtlmasini hedeflemekte, dogal ¢evreyle
uyum saglayan kentlerin ve yerlesim alanlarinin planlanmasini 6nermektedir (Beatley, 2011;
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Totaforti, 2020). Yerlesim alanlarindaki biyofilik tasarim elemanlarinin korunmasi da oldukca
onemlidir (Akyildiz & Olgun, 2021; Sinemillioglu et al., 2010). Biyofilik tasarim alaninda
yapilacak akademik arastirmalarin belirlenmesi gelecekte bu konuda yapilacak olan
caligmalara yol gosterici olacaktir.

MATERYAL VE YONTEM

Calisma alani, Tiirkiye’nin kuzeyinde yer alan Samsun ilinde bulunmaktadir (Sekil 1).
Karadeniz bolgesinin en 6nemli liman kentlerinden biri olan Samsun kenti, 7,5 km’lik kiy1
seridine sahiptir. Kent, Karadeniz Bolgesinin ekonomi, egitim, saglik, ticaret, sanayi ve ulagim
alanlarinda en gelismis sehirlerinden biridir (Url-1).

S R
b

Seil 1. Samsun Cakirlar Koru Parki (GoogleEarth, 202)

Samsun Cakirlar Koru Park, 2012 yilinda tamamlanan cevre diizenleme c¢alismasiyla dort
mevsim boyunca ilgi ¢eken turistik bir yer haline gelmistir. Cakirlar Koru Parki; cesitli
rekreasyonel etkinlikler icin Samsun kentinde tercih edilen yerler arasinda hizmet vermektedir
(Url-2). Park Samsun’un Atakum ilgesinde, merkeze yaklasik 19 km uzaklikta yer almaktadir.
Samsun Cakirlar Koru Parki, sahip oldugu dogal yasam alanlarinin yam sira her yastan
insanlarin ilgi duydugu bir yasam merkezi haline gelmistir. Parkin i¢inde oldukca fazla sayida
bitkilere yer verilmistir. Park, yaklasik 241 déniim biiyiikliigiindedir. I¢erisinde yer alan cesitli
sosyal tesisleri, ormaninin derinliklerine dogru ilerleyen ahsap yiiriiyiis yolu, eglence, etkinlik
ve piknik alanlari, oyun parki, kafeterya gibi 47 donlime yayilmis rekreasyon alanlariyla
insanlara ortak kullanim hizmeti sunmaktadir. Parkin yaklasik 194 doniimliik alani koru olarak
degerlendirilmektedir.

Bu calisma kapsaminda, Samsun Cakirlar Koru Parki biyofilik tasarim parametrelerine (Tablo
1) gore, yerinde gozlem ve fotograflama teknigi kullanilarak degerlendirilmistir.
Gergeklestirilen ¢alisma, Samsun Cakirlar Koru Parkinin “Biyofilik Tasarim Parametreleri”
baglaminda uyum seviyesini arastirmak ve gelistirmek amaciyla yapilmigtir. Mimarlik ve
peyzaj mimarlig1 disiplinlerinde yapilan farkli ¢alismalarda (Geng et al., 2018; Kaya & Arslan
Selcuk, 2018; Yurtgiin, 2020; Demirbas & Demirbag, 2019; Gokten & Kelkit, 2021) kullanilan
biyofilik tasarim parametrelerine gore; biyofilik tasarimin ondort kriteri Samsun Cakirlar Koru
Parki i¢in, yerinde gozlem ve fotograflama teknigi yapilarak degerlendirilmistir. Caligma alani,
‘mekanda doga’ parametresi kapsaminda do§a manzarasina gorsel baglanti, dogaya gorsel
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olmayan baglanti, ritmik olmayan duyusal uyaranlar, 1s1 ve hava akimi degiskenligi, suyun
varligl, dinamik ve dagmik 1s1ik, dogal sistemlerle iliski, ‘dogal analoglar’ parametresi
baglaminda biyoformik form ve Oriintiiler, dogal malzeme kullanimi, karmasa ve diizen,
‘mekanin dogasi’ parametresi baglaminda ise manzara, si§inma, gizem, risk olmak {iizere
toplam 14 kriter kapsaminda degerlendirilmistir.

Buna ek olarak, calismanin asil sorunsalina yonelik veri saglamak ve tartismanin altyapisini
olusturabilmek amaciyla arastirma konusu ve alaniyla ilgili hem ulusal hem de uluslararasi
bilimsel arastirmalar incelenmis ve bu ¢alismalardan yararlanilmistir. incelenen literatiirler
kapsaminda biyofilik tasarim kriterleri belirlenmis ve Samsun Cakirlar Koru Park’inda bu
ilkelerle uyum saglayabilecek alanlar1 tespit etmek amaciyla arazi g¢aligmasi yapilmistir.
Samsun Cakirlar Koru Parki’nin biyofilik tasarim parametrelerini saglama durumu 0
puan=kriteri saglamiyor, 1 puan=kriteri kismen sagliyor ve 2 puan=kriteri sagliyor seklinde
puanlandirilarak degerlendirilmistir.

BULGULAR

Samsun Cakirlar Koru Parki doga ile etkilesimi kopan kentlilerin doga ile yeniden bag
kurmasinda 6nemli bir etkiye sahiptir. Samsun Cakirlar Koru Parki ¢aligma alani, biyofilik
tasarim parametrelerine gore irdelenmistir. Calisma alanina ait veriler, yerinde yapilan nitel
gbzlem ve incelemelere dayanmaktadir.

Samsun Cakirlar Koru Parkinda doga manzarasina gorsel baglantinin kurulmasini saglayacak
miktarda yesil alan olusturulmus, alan igerisinde su 6gesine ve hayvanlara yer verilmistir (Sekil
2). Ancak, parkta dogal alan algisinin yaninda yapili ¢evre algis1 da hakim olmustur.

e

Sekil 2. Doga manzarasina gorsel baglant1 (Url-3)

Dogaya gorsel olmayan baglanti kapsaminda, ¢alisma alani igerisinde yer alan su 6gesi,
kuslarin ve drdeklerin sesleri kullanicilarin dogaya gorsel olmayan baglanti kurmasini saglayan
unsurlar olarak 6ne ¢ikmaktadir (Sekil 3). Ancak, bu kriter kapsaminda gerekli olan duyusal
uyaranlardan kokulu bitkiler yok denecek kadar az sayida kullanilmistir. Su 6gesi, isitsel ve
dokunsal agidan oldukga yetersizdir.
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Bunun yaninda ¢alisma alani igerisindeki agaglarin, ¢alilarin ve ¢imenlerin esintiyle hareket
etmesi ve su yiizeyinde olugsan dalgalanma ritmik olmayan duyusal uyaranlarin varligini
gostermektedir. Bu baglamda alan igerisinde dogayla baglant1 kismen saglanmustir.

Cevresindeki yapisal mimari dokunun olmasina ragmen calisma alaninin topografik yapisi ile
yogun yesil doku temiz hava akimini saglamaktadir. Parkta yer alan bitkilerle olusturulmus
golgeli oturma alanlariyla yiiriiylis parkurlart mikroklimatik ortamlar olusturmaktadir (Sekil
4).

Iliman iklimin hakim oldugu kentte, yiiksek sicakliklara ¢6ziim olmasa da hava degiskenligi
kazandiracak alanlara 6zellikle yiiriiyiis parkurunda yer verilmistir (Sekil 5).

Sekil 5. Is1 ve Hava Akimi Degiskenligi (Url-5)

(Caligma alani igerisinde su 6gesi bulunmaktadir. Kullanicilar suyun kismen de olsa isitsel ve
gorsel 6zelliginden yararlanabilmektedir (Sekil 6). Ancak, biyofilik tasarim yalnizca gorsellige
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degil, duyusal deneyime ve dokunsallifa da bagli oldugu icin parktaki suyun varliginin bu
acidan yetersiz oldugu sdylenebilir.

Sekil 6. Suyun varligi (Url-6)
Calisma  alam1  igerisindeki genis ¢im alanlar1  kullanicilarin 15181 dogrudan
deneyimleyebilmelerine olanak saglarken, agaclarin alt1 ve golge alanlar ise dinamik ve
daginik 15181 deneyimleyebilme imkan1 tanimaktadir. Ancak, dinamik 1s1k varligi, planlamanin
baslangi¢c asamasinda analiz edilmesi gereken bir konudur. Samsun Cakirlar Koru Parki
planlama siirecinde bu amagla analiz edilmediginden 151k faktorii yalnizca boylu agaglarin
sundugu agik ve yar1 golge alanlarla saglanmistir (Sekil 7).

Sekil 7. Dinamik ve Daginik Isik

Dogal sistemlerle iliski kurulmasina yonelik parametrede degisken, mevsimsel gecislere uyum
saglayan tiirlerin secilmesi olarak hedeflenmektedir. Ancak, ¢alisma alan1 kapsaminda renk
cesitliligi agisindan bu parametreye uyumlu bir uygulamadan s6z etmek oldukga giictiir.
(Caligma alaninda disbudak, kara giirgen ve dogu giirgen agaclarinin yaninda g6l sogan1 ve her
dem yesil 20 c¢esit cali tiirii saptanmistir (Kutbay vd., 2017). Parkta, ekosistemin zamansal
degisiminin y1l boyu deneyimlenebilmesi ¢igekli bitkilerin varligindan ¢ok, yapragini déken
agaclarin varligiyla saglanmistir (Sekil 8).

Sei(il 8. Ekosistemin zamansal degisimi (Url-7)
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Calisma alan1 dogal analoglar baglaminda biyomorfik form ve Oriintiiler, dogal malzeme
kullanimi, karmasa ve diizen olmak {izere ii¢ parametre kapsaminda degerlendirilmistir. Alan
i¢inde dogadan dykiinerek tasarlanmis biyomorfik form ve ériintiilere rastlanmaktadir. Ornegin
parkta yer alan yliriiylis akslarinda dogal formlarin kullanilmasinin yaninda parktaki kaya
bahgesinde bu formlar1 gérmek olasidir. Parkta 6zellikle su ylizeyi ve gevresinde kullanilan
dogal malzemeler 6ne ¢cikmaktadir (Sekil 9).

Sekil 9. Biyoformik Form ve Oriintii (Url-8)

Parkta 6zellikle su 6gesi ve cevresinde kullanilan dogala yakin malzemelerle 6zgiin tasarimlar
yaratilmaya ¢alisilmistir. Ancak, alanda dogal malzeme kullanimina yer verilmis olsa da gorsel
baglantinin koptugu noktalar mevcuttur. Dogal malzemelerin yalnizca belirli bir alanda degil,
zemin ddsemesinden aydinlatma elemanlarina, oturma birimlerine kadar her alanda
kullanilmas1 gerekir. Parkta yer alan oturma elemanlar1 bu kriteri karsilamamaktadir (Sekil 10).

Sekil 10. Oturma Elemanlar1 (Url-9)

Buna ek olarak; ¢alisma alani i¢inde ¢ocuklarin dogayi deneyimleyebilecegi, mental ve fiziksel
gelisimini destekleyecek dogal malzemelerle tasarlanmis, farkli yas gruplarmin dogaya
ilgilerini arttirmak amaciyla kurgulanmis bir ¢cocuk oyun alani bulunmamaktadir. Bu kapsamda
cocuk oyun alani yetersiz bulunmustur (Sekil 11).
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Karmasa ve diizen doganin i¢inde hiyerarsik diizene bir gonderme yaparak karmasanin i¢indeki
diizeni vurgular. Karmaga ve diizen parametresine gore Samsun Cakirlar Koru Parki
icerisindeki mekanlarin hiyerarsik bir diizen igerisinde kurgulandigi sdylenebilir. Calisma
alaninda bu parametreyi karsilayacak tasarimlar bulunmaktadir, ancak 6teki kullanimlar ile
baglantis1 saglanmadigindan basarili olamamistir. Mekanin dogasi parametresine gore ¢alisma
alan1 manzara, siginma, gizem ve risk olmak tizere dort kriter altinda degerlendirilmistir.
Caligma alan1 manzara degeri yliksek bir konuma sahiptir. Fakat, manzaray1 daha iyi
gozlemleyebilmek amaciyla ¢aligma alani i¢inde seyir noktalari olusturulmamistir. Engelsiz
gOrlis amaci yiirliylis parkurlariyla saglanmis ancak parkin genelinde manzara olusturabilecek
alternatif kullanim alanlar1 olugturulmamastir.

Siginma ilkesi kapsaminda parkta kullanicilarin beraber zaman gegirebilecegi kapali ve yari
kapal1 korunakli mekanlar bulunmaktadir (Sekil 12). Parkta golge veren agaglarin bulundugu,
insan yogunlugundan uzak kullanim alanlar1 da mevcuttur.

Sekil 12. Siginma

Samsun Cakirlar Koru Park i¢inde ormanin derinliklerine dogru uzanan yiiriiylis parkuru ve
bitkisel kompozisyonlar gorsel engeller olusturarak, kullanicilarin merakini arttirmaktadir
(Sekil 13). Park genelinde sert yiizeylerden daha ¢ok yesil alanlarin oldukca genis alanlara
yayilmasi, boylu agaclarin kullanimia g¢ali ve bodur bitki kullanimindan daha fazla yer
verilmesi parkin merak uyandiran gizemli bir alana doniismesini saglamistir.

Sekil 13. Gizem

Risk olusturabilecek alanlar 6zellikle su kenarlart ve yiiksek alanlardir. Giivenlik 6nlemleri
alinmis ve uyar1 levhalar1 konulmus olsa da (Sekil 14) parkta gdzlemlenen en belirgin tehlike,
ylriiylis parkurunda yer alan koruma elemanlarinda herhangi bir perdeleme elemaninin
kullanilmamis olmasidir.
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“Sekil 14. Risk (Url-11)

Kalabalik kent yogunlugu icerisinde dogaya ozgiirce temas etmeye olanak saglamak ve
insanlara ¢esitli sosyal etkinlik alanlar1 olusturmak amaciyla hayata gegirilen kent parklarindan
biri olan Samsun Cakirlar Koru Parki, igerisindeki 6zgilin su ylizeyi, koru gibi dogal peyzaj
alaninin yaninda gesitli kullanim alanlariyla insanlara dogayla i¢ ige olma imkan1 sunmaktadir.
Cizelge 2’de Samsun Cakirlar Koru Parki’nin biyofilik tasarim parametrelerini saglama
durumu 0 puan=Kkriteri saglamiyor, 1 puan=kriteri kismen sagliyor ve 2 puan=kriteri sagliyor
seklinde puanlandirilarak degerlendirilmistir (Tablo 2).

Tablo 2. Samsun Cakirlar Koru Parki’nin Biyofilik Tasarim Kriterleri Degerlendirme

Tablosu

Mekanda Doga Puan % Dogal Analoglar Puan %
Doga ile gorsel baglantinin 1 Biyoformik formlar ve modeller 2
kurulmasi
Doga ile gorsel olmayan baglanti | Doga ile malzeme baglantisi 1 %21
Ritmik olmayan duyusal uyaranlar 1 %50 Karmasgiklik ve diizen 1
Termal ve hava akis1 degiskenligi 1 Mekanin Dogasi
Suyun varligi 1 Manzara 1
Dinamik ve daginik igik 1 Siginma 2
Dogal sistemlerle baglanti 1 Gizem 2 %29

Risk 1

Calisma alanma ait yapilan degerlendirmelere gore Samsun Cakirlar Koru Parki, ondort
biyofilik tasarim parametresinden yalnizca dort kriteri saglarken, on kriteri de kismen
saglamaktadir. Samsun Cakirlar Koru Parki, biyofilik tasarim parametresi altinda ii¢ grupta
incelenmis ve “mekanda doga” parametresine %350 oraninda, “dogal analoglar’a %21
oraninda, “mekanin dogas1” na ise %29 oraninda uyum sagladig: tespit edilmistir.

TARTISMA

Sehir hayat1 kentlilerin zihinsel ve fiziksel sagligini olumsuz yonde etkileyebilmektedir.
Olumsuz bu etkiler insanlarmn gilinlik hayatina yansiyarak mutsuz bireylerin sayisinin
artmasina sebep olmaktadir. Yapilan birgok arastirma yesil dokuyu goérebilmenin insanlar
tizerinde olumlu sonuglar dogurdugunu tespit etmistir. Kent parklari, kent icerisinde insanlara
yesil dokuyu sunan rekreasyon alanlaridir. Bir¢ok arastirmaci (Engleson & Yockers, 1994;
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Chawla, 1999; Wells & Lekies, 2006; Chawla, 2007; Samways, 2007), insanlarin dogayla olan
iliskisinin azalmasinin veya tamamen kopmasinin, dogaya duyarli olmak konusunda 6zensiz
olabileceklerini belirtmektedir (Yilmaz & Olgan, 2017). Engleson & Yockers (1994)’1n
cocuklarin gozlemsel becerilerini gelistirmek iizerine yapmis olduklar1 arastirmaya gore,
dogayla iligkili bir egitim programi alan ¢ocuklarin algisal yeteneklerinde artis oldugunu
gostermektedir. Chawla (1999) ‘a gore, farkli yas gruplariyla yapilan goriismeler sonucu elde
edilen veriler dogrultusunda, etkili ¢evresel eyleme giden yasam kosullarmin c¢ocukluk
donemlerinde yasadiklar gevresel kosullarla iliskili oldugunu ve doga ile iliskili olan ¢ocukluk
donemlerine sahip insanlarin sorunlar karsisinda daha ¢6ztim odakli olduklarini tespit etmistir.
Wells & Lekies (2006), cocuklukta dogal ¢evreyle etkilesim ve yetiskin ¢evreciligi arasindaki
baglantilar1 yasam boyu perspektifinden incelemektedir. Wells & Lekies (2006) ‘e gore;
ozellikle ormanda yliriiyiis yapmak veya oynamak, kamp yapmak, avlanmak veya balik tutmak
gibi "vahsi" dogaya ¢ocukluk katiliminin yani sira ¢igek veya iiriin toplamak, aga¢ veya tohum
dikmek ve c¢ocuklukta bitkilerle ilgilenmek gibi "evcillestirilmis" dogaya katilim, yetiskin
cevre tutumlariyla olumlu bir iliskiye sahiptir. Insanlarin dogayla, 6zellikle de kentsel cevreyle
baglarini kaybettiklerine dikkat ceken Samways (2007); kent parklarinin dogay1 deneyimlemek
icin olumlu duygularin ve faydali hizmetlerin degerli bir kaynagi oldugunu belirtmektedir.
Biyofilik tasarim dogayla bagi kopan insanlarin tekrar baginin kurulmasini ve stirdiiriilmesini
hedeflemektedir. Samsun Cakirlar Koru Parki doga ile iletisimi ve etkilesimi kopan kentlilerin
yeniden bag kurmasinda énemli bir paya sahiptir.

SONUC

Samsun Cakirlar Koru Parki biyofilik tasarimin onddrt parametresi kapsaminda
incelendiginde, caligma alaninin mekansa doga baslig1 altinda sadece doga manzarasina gorsel
baglant1 kriterini sagladigi, geriye kalan alt1 kriteri kismen sagladigi, dogal analoglar baslig
altinda degerlendirilen kriterlerden sadece birini biyoformik form ve Oriintiiler kriterini
sagladigl, geriye kalan {i¢ kriteri ise kismen sagladigi, mekanimn dogasi bashgi altinda
degerlendirilen siginma ve gizem kriterlerini sagladigi, diger iki kriteri kismen sagladigi
sOylenebilir (Tablo 2). Caligma alani sahip oldugu yesil dokusuyla, rekreasyonel etkinlik
alanlariyla insanlara kent yasaminin baskisindan uzak bir ortam sunarak, insanlar zihinsel ve
fiziksel agidan yenilenmesine katki saglamaktadir. Bu g¢aligmada, Samsun Cakirlar Koru
Parkinin var olan alan kullanimlar1 biyofilik tasarim parametreleri dogrultusunda
degerlendirilmistir. Buna bagli olarak caligma alaninin biyofilik tasarim parametreleri
kapsaminda “mekanda doga” parametresine %50 oraninda, “dogal analoglar’a %21 oraninda,
“mekanin dogas1” na ise %29oraninda uyum sagladig: tespit edilmistir.

Chawla, (2006) ¢ocuklarin dogada farkli deneyimler kazanmasi amaciyla onlara doga sevgisini
asilamak ve dogayla olan iliskilerini artirmak i¢in firsatlarin sunulmasinin 6énemli oldugunu
belirtmistir (Sobel, 2008; Yilmaz & Olgan, 2017). Samsun Cakirlar Koru Parki 6zellikle
cocuklarin dogay1 kesfetme firsati sunan, ¢ocuklarin dogayla etkilesimlerine 6nemli katkilar
saglamaktadir. Park igerisinde yapilacak diizenlemelerle bu etkilesime katki saglanacagi
diistiinilmektedir.

Samsun kenti Cakirlar Koru Parki 6lgeginde gergeklestirilen bu caligsma, biyofilik tasarim
parametrelerinin iilkemizdeki kentsel yesil alan kullanimlarinin arttirilmasina yonelik mevcut
durum analiziyle gelistirilebilecek tasarim uygulamalarina etkili bir ara¢ olarak
kullanilabilecegini gostermektedir. Alanin korunmasina yonelik yapilacak olan ¢aligmalar alan
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kullaniminin gelecekte artmasi durumunda bu 6zelliklerini muhafaza etmesi agisindan oldukca
onemlidir. Bu baglamda, biyofilik tasarim parametrelerine uyum saglayan yapilandirmalarla
kentsel kullanim alanlarinin niteliginin arttirilmasi saglanmalidir.

Ozellikle kentsel planlama alaninda benimsenmis olan biyofilik tasarimlar araciligiyla yasam
kalitesinin artacagi diisiiniilmektedir. Bu kapsamda, kent parklari, mevcut mekan kurgulariyla
ve bitkisel dokusuyla etkili alanlardir. Bu baglamda, kii¢iik 6lgekli kent parklarindan biiytik
Olcekli yesil alan kullanimlarina kadar biyofilik tasarim parametrelerinin yayginlastirilmasi
gerektigi diisiiniilmektedir.

YAZAR KATKILARI
Bu calismaya sadece bir yazar katki saglamistir.

FINANSAL DESTEK BEYANI

Caligsma i¢in herhangi bir maddi destek alinmamastir.

CIKAR CATISMASI
Herhangi bir ¢ikar ¢atigmasi bulunmamaktadir

ETIK KURUL ONAYI

Bu ¢alisma i¢in etik kurul onay1 gerekmemektedir.
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OZET: Cevre kirliligi, 6zellikle biiyiik kentlerde insan sagligimni tehdit eden ok 6nemli kentsel
sorunlarin basinda gelmektedir. Su, hava, toprak kirliligi ile birlikte kent kalabaliginin neden
oldugu giiriiltii kirliligi de insan hayatin1 olumsuz etkilemektedir. Giiriiltii kirliligi, su, toprak
ve hava kirliligi gibi Olgiilebilir olmasinin yaninda bitki Ortiisii, topografya veya yapisal
engellere carparak dagilabilmekte ve etkisi degisebilmektedir. Trafik, ingaat, endiistri ve sanayi
alanlarindan kaynaklanan giiriiltiiniin insanlar tizerindeki etkisini belirleyebilmek i¢in noktasal
giirtiltii kaynaklarinin belli bir alanda etkisini 6lgmek gerekmektedir. Bu ¢alisma, Isparta ili
Egirdir ilcesinde olusan giiriiltii kirliligini ilgce merkezi Orneginde ortaya koymayi
amaglamaktadir. Bu amagcla, Egirdir ilge merkezinde yer alan 35 adet Ol¢iim noktasinda
mevsimsel degisimleri de belirlenmek amaciyla 2023 yili Ocak-Subat, Nisan-Mayis ve
Temmuz-Agustos aylarinda giirtiltii 6l¢timleri yapilmigtir. Hesaplanan ve 6lciilen verilere bagl
olarak elde edilen Leq degerleri ile ArcGIS 10.5 programinda giiriiltii haritalari
olusturulmustur. Elde edilen sonuglar, belirlenen noktalardaki giiriiltii 6l¢limlerinin Diinya
Saghk Orgiitii tarafindan belirlenen 55 dB(A) sinir degeri astigin1 gdstermektedir. Calismanin
sonucunda, ilkbahar ve yaz aylarinda il¢edeki rekreasyon potansiyeli sebebiyle 6zellikle Can
ada ve Yesil ada noktalarinda giiriiltii artis1 dikkat ¢cekmektedir. Nisan-Mayis aymda ada
girislerinde, Temmuz-Agustos aymda ise Can ada ve Yesil ada tamaminda belirlenen
noktalardan elde edilen sonuglarin sinir degerlerden yiiksek oldugu tespit edilmistir. Calisma
alanindan elde edilen Olgiimlerin Leq (Esdeger giiriiltii seviyesi) degerleri kullanilarak
mevsimsel olarak giiriiltii haritalar1 hazirlanmistir. Egirdir Ilgesi 6lgeginde daha once bu
kapsamda giiriiltii haritalarinin hazirlanmamis olmasi, c¢alismanin 6zgiin degerini ortaya
koymaktadir. Ayrica ¢aligma sonunda yiiksek ¢ikan dl¢lim degerleri dikkate alinarak oneriler
sunulmustur.

Anahtar kelimeler: Egirdir, giiriiltii, giiriiltii kirliligi, giirtilti haritasi.
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AN ANALYSIS OF NOISE POLLUTION IN EGIiRDIiR DISTRICT OF
ISPARTA PROVINCE

ABSTRACT: Environmental pollution is one of the most important urban problems that
threaten human health, especially in big cities. Along with water, air and soil pollution, noise
pollution caused by urban crowds also negatively affects human life. Noise pollution, besides
being measurable like water, soil and air pollution, can be dispersed by hitting vegetation,
topography or structural obstacles and its effect can change. In order to determine the effect of
noise from traffic, construction, industry and industrial areas on people, it is necessary to
measure the effect of point noise sources in a certain area. This study aims to reveal the noise
pollution in the district center of Egirdir district of Isparta province. For this purpose, noise
measurements were carried out in January-February, April-May and July-August 2023 in order
to determine the seasonal changes at 35 measurement points located in the district centre of
Egirdir. Noise maps were created in ArcGIS 10.5 with the Leq values obtained based on the
calculated and measured data. The results obtained show that the noise measurements at the
determined points exceed the limit value of 55 dB(A) set by the World Health Organization.
As a result of the study, especially in the spring and summer months, due to the recreation
potential in the district, noise increase is especially noticeable at Can Island and Green Island
points. It was determined that the results obtained from the points determined at the island
entrances in April-May, July-August Can Island and Green Island were higher than the limit
values. In the study area, the obtained Leq (Equivalent noise level) values were used to prepare
seasonal noise maps. It is noticeable that there were no noise maps available for Egirdir
District; this reveals the original value of the study. However, the high obtained noise values
were carefully monitored, and some suggestions were presented in the study.

Keywords: Egirdir, noise, noise pollution, noise map.

GIRIS

Farkli yasam tarzina sahip olan insanlarin birlikte yasadigi, sosyal, ekonomik ve kiiltiirel
faaliyetlerin gerceklesmesinde kolaylik taniyan kentlerde; niifusun artmasi, teknoloji ve
sanayideki ilerlemeler, kentlerin hizla gelismesi gibi nedenlerle plansiz yapilasma artmis, agik-
yesil alanlar yok olmus, motorlu ara¢ sayisinin artmasiyla yol kapasitesi yetersiz kalmistir. Bu
durum insanlarin sosyal, kiiltiirel ve ekonomik yapisinda farkliliklara sebep olurken, kent
icerisinde ve yakin ¢evresinde de farkli ¢gevre sorunlarina sebep olmaktadir. Buna ek olarak,
iklim kosullarinda ortaya ¢ikan degisimler, biyolojik cesitliligin azalmasi, ozon tabakasinin
incelmesi, hava kirliligi, su kirliligi ve giiriiltii kirliligi gibi problemler, saglikli bir diinya
olabilmek i¢in 6nlem aliabilmesi gereken sorunlar arasinda yer almaktadir (Cansaran, 2019;
Onay, 2021).

Canlilar i¢in zararli sonuglar olusturacak ses iireten insan faaliyetleri nedeniyle dogal
ortamdaki giriiltii seviyelerinin yiikselmesi, giiriiltii kirliligi olarak tanimlanmaktadir
(Slabbekoorn, 2019). Olumsuz etkiler arasinda; insanlarin fizyolojik ve psikolojik dengelerinin
bozulmasi, 1 performansinda azalma, cevre sakinliginin bozulmasi, ge¢ici duyma kaybi
gosterilebilir (Yerli, 2012; Onay & Kus Sahin, 2021). En yaygin giiriiltii kaynaklarindan birisi,
ulagim aktivitelerinden kaynaklanan giiriiltillerdir. Guriilti kirliligi, WHO tarafindan saglik
sorununa yol agabilecek problemler siralamasinda 2. sirada yer alirken (Tercan & Yaman,
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2021; Coskun, Sava & Sahin, 2022), hava ve su kirliliginden sonra ii¢lincii en ciddi kirlilik
olarak kabul edilmistir (Khilman. 2009; Maleki & Hosseini, 2011).

Ulagim yontemlerinde ise karayolu ulagimindan kaynaklanan ¢evresel giiriiltii ilk siradadir.
Ara¢ sayilarinin her gegen giin artmasi, bu durumun en 6nemli sebebidir (Tosun, Avsar,
Sevindir & Beyhan, 2003; Harman, K6seoglu & Yigit, 2016; Sahin, Senol & Ogel, 2016;
Coskun, Sava & Sahin, 2022). DSO (Doygun, 2016) ve EPA (EPA, 1974; Mayda & Yildirim,
2019; Tercan & Yaman, 2021) tarafindan 55 dB(A) sinir deger olarak kabul edilirken,
Tiirkiye’de yasalar geregi ulasim kaynaklari i¢in ¢evresel giiriiltli diizeyi sinir degeri, giindiiz
saatlerinde 65 dB(A), aksam saatlerinde 60 dB(A), gece ise 55 dB(A) sinir degerini
asmamalidir (Anonim, 2022). Giiriiltiiniin kontrolii i¢in ilk adim, yapilacak giiriiltii 6l¢timleri
ile giiriiltli haritalarinin hazirlanmasidir. Giiriiltii haritalar1 sayesinde insanlarin maruz kaldigi
giiriiltii seviyeleri, harita lizerinde gosterilerek, bir gorsel haline getirilmektedir (Bouzir &
Zemmouri, 2017; Kaliski, Duncan & Cowan, 2007; Suarez & Barros, 2014; Onay, 2021). Bu
sebeple, genelde CBS tabanl ticari yazilimlarin kullanildigi bilinmektedir (Kundu, Sen &
Mondal, 2022). Stratejik giiriiltii haritalari, stratejik giiriiltii eylem planlari, akustik raporlar
2022 yilinda ilgili yonetmelikte yerini almistir (Anonim, 2022). Giiriiltii haritalarinin
hazirlanmasi ¢alismalar1 daha da 6nem kazanmustir.

Tirkiye’de trafik giiriiltiisii konusunda yapilan c¢alismalar incelendiginde; Sakarya (Likos,
2019) ve Bursa (Yalili Kilig, Adali & Kilig, 2021) illerinde hastane gevrelerinde giiriilti
olgiimleri ve haritalandirma ¢aligmalar1 yapildig: goriilmektedir. Isparta ili i¢in giiriiltu seviyesi
iizerine trafik, ticari alan ve endiistriyel faaliyetlerin etkisini inceleyen calismalarda da
gliriiltiiniin kent planlamasi yapilirken gdz 6niine alinmasi gerektigi belirtilmis, giiriiltt
seviyelerinin yillara gore diizenli bir artig, gosterdigi ve yonetmelik sinirlarini asan kavsak vb
noktalar oldugu tespit edilmistir (Tosun, Avsar, Sevindir & Beyhan, 2003; Sargin, 2003;
Morova, Sener, Terzi, Beyhan & Harman, 2010; Coskun, Sava & Sahin, 2022). Isparta
ilgelerinde giirtiltii konusu, Yalvag¢ ve Egirdir ilgeleri ile ilgili yapilan ¢alismalarda gegmektedir
(Sargin, 2003; Ozmen & Can, 2018; Inanir, Uslu & Caprak, 2019) ancak ilcelerde giiriiltii
haritalamasi ile ilgili bir yayimna rastlanmamistir. Bu ¢alismada; Isparta ili Egirdir il¢esinde
olusan giiriiltii diizeylerinin ortaya konulmasi ve alinabilecek Onlemlerin tartigilmasi
amaclanmustir.

MATERYAL VE YONTEM

Isparta ili smirlart igerisinde yer alan Egirdir ilgesi, 2017 yilinda Isparta ilinin ikinci
Tiirkiye’nin ise on dordiincii Sakin Sehri unvanina sahiptir. Tiirkiye’deki biiyiikliik a¢isindan
4. biiyiik golii olan Egirdir golii kiyisinda bir yarimada konumunda bulunmaktadir (Colak,
2018). Egirdir ilgesi, gol nedeniyle bolgede turizmin gelismesinde ¢ok énemli role sahiptir.

Calismanin yontemini; literatiir taramasi, ¢alisma alam ile ilgili veri toplama, bu verilerin
incelenmesi, yerinde goézlem yapilmasi, giriiltii 6l¢iimii yapilmasit ve analizi asamalari
olusturmaktadir. Calisma kapsaminda ilgili konularda yapilmis olan yerli ve yabanci kaynaklar
taranarak konunun kavramsal ¢atisi1 olusturulmustur.

Egirdir ilce merkezinde yiiriitilen ¢alismada amag; oOzellikle trafik ve insan kaynakli
(rekreasyon, egitim vb) olusan giiriiltii kirliligini belirlemektir. Calismada kullanilan 6l¢iimler
yapilmadan o6nce Egirdir ilgesine ziyaretler yapilmis, yerinde gozlemler yapilarak giriiltii
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kaynaklari tespit edilmistir. Ozellikle karayolu giiriiltiisiiniin, ilgedeki cevresel giiriiltiiniin en
biiylik sebeplerinden birisi oldugu gézlemlenmistir. Bu kapsamda ¢alismada, literatiir kaynak
taramas1 ile onceden belirlenen ana noktalara ek olarak ilgenin ana yollari, sirkiilasyon
acisindan insan kullanimmin yogun oldugu bolgeler ve Egirdir ilce merkezinde gozlem
yapilarak giiriiltii haritalarnin olusturulabilecegi 35 6lgiim noktasi tespit edilmistir. Olgiim
noktalarinin plan goriiniisleri Google Earth programindan elde edilen verilerden yola ¢ikilarak
Photoshop CC 2018 bilgisayar programi dogrultusunda hazirlanarak etrafinda yer alan
kullanimlarla birlikte harita {izerine islenmistir (Sekil 1).

(9%
4 2%’Ye;il Ada

Can Ada 19;

J

/
C18
)/

A

Sekil 1. Giiriiltii Ol¢iim Noktalarinin Konumlar1 (Google Earth, 2023)

Olgiimler, belirlenen noktalarda trafik hareketliliginin yogun oldugu dénemlerde ve mevsimsel
bir degerlendirme yapabilmek i¢in kis, ilkbahar ve yaz donemlerinde; 2023 yilinin Ocak-Subat,
Nisan-May1s ve Temmuz-Agustos aylarinda yapilmstir. Olgiimler sirasinda, giiriiltiiyii 6l¢mek
icin kullanilan cihaz yerden 1,5 m yiiksekte tutulmus ve etrafinda giiriiltiiyii yansitan bir yiizey
bulunmamasina dikkat edilmistir (Sekil 2).
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Sekil 2. Giiriiltii Ol¢iimii Goriintiiler

Isparta Meteoroloji Genel Miidiirliigii’niin verilerine gore, TS ISO 1996-2 standartlarina
bakilarak 6l¢limiin yapilabilmesi icin riizgar seviyesinin 5 m/sn’den (18 km/sa) fazla oldugu
giinler ve yagmur/kar yagmasi halinde 6l¢iim yapilmamistir. Belirlenen 35 6l¢lim noktasinda
PCE-NDL 10 marka giiriiltii 6l¢iim cihazi ile 6l¢tim yapilmistir (Coskun, Sava & Sahin, 2022).
Cihaz, verileri kaydedebilme 6zelliklerine sahip olmakla birlikte oldukca yiiksek kalitede ses
seviyesini Ol¢ebilmektedir. A ve C frekanslar1 arasinda F (fast) ve S (slow) dl¢timii yapabilen
ses seviyesi Olger, ses seviyesi Olger (doz) Olclimlerini ve ses basinci seviyesi (SPL)
Ol¢iimlerinin desibel seklinde (dB) kayit yapmakta ve Ol¢liim verilerinin depoladigi harici
bellek ve bir SD kart mevcuttur. Cihaz, 6l¢iim yapmadan 6nce 94 dB ya da 114 dB seviyesinde
cift asamal1 kalibrasyon yapabilme 6zelligi olan PCE-SC 42 Marka kalibrasyon cihazi ile
kalibrasyon islemi yapilmistir (Morova, Sener, Terzi, Beyhan & Harman, 2010) (Sekil 3).

Sekil 3. Ses Olgiim Cihazi ve Kalibrator
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Olgiimler 35 noktada, standartlara uygun olarak 5 dakika boyunca 2 saniye araliklarla
yapilmustir. Olgiimlerin Leq (Esdeger giiriiltii seviyesi) degerleri kullanilip giiriiltii haritalar1
hazirlanmistir. Giiriiltli haritalarinin yapilmasi, renklendirme isleminin olmasi ve sunuma hazir
hale getirilmesinde, Google Earth programinda nokta koordinat olarak islendikten sonra
ArcGIS programi kapsaminda islenerek giiriiltii haritalar1 meydana getirilmistir. ArcGIS
programi Spatial analyst igerisindeki IDW (Inverse Distance Method (Ters Mesafe Agirlikl
Enterpolasyon Yontemi) yardimiyla giiriiltii haritalar1 olusturulmustur (Pasaoglu, 2013; Savas,
2019; Dikmen, 2022; Coskun, Sava & Sahin, 2022).

BULGULAR VE TARTISMA

Isparta ili Egirdir ilgesinde yapilan 6l¢iimlere gore elde edilen giiriiltii 6l¢lim sonuglar1 Cizelge
1’de, giiriiltii 6lgtimleri Sekil 4, Sekil 5 ve Sekil 6’da, giirtiltii haritalar1 ise Sekil 7, Sekil 8 ve
Sekil 9°da yer almaktadir.

Elde edilen giiriiltli 6l¢iimleri mevsimsel olarak Cizelge 1’de gosterilmistir. Egirdir ilgesi iklim
verileri incelendiginde, Ocak ve Subat aylarinin en soguk aylar oldugu tespit edilmistir (MGM,
2022). Bu nedenle c¢alisma kapsaminda ilk Olglimler Ocak ve Subat aylarinda
gergeklestirilmistir. Leq degerlerinde en yiiksek ve en diisiik giiriltii 6l¢iimleri verilmigtir.

Ocak ve Subat 2023 giiriiltii 6l¢iimlerine gore en yiiksek Leq degeri, haritada 33 numaraya
sahip olan alanda elde edilmis olup (71,65 dB(A)), en diisiik leq degeri ise haritada 22
numaranin yer aldig1 alandan (44,52 dB(A)) elde edilmistir. Nisan-Mayis aylar1 degerlerine
gore Leq, haritada 32 numaraya sahip olan alanda (73,57 dB(A)), en diisiik leq l¢iimii ise
haritada bulunan 1 numara ile gosterilen alanda (49,12 dB(A)) dl¢iilmiistiir. Egirdir ilgesi iklim
verileri incelendiginde, Temmuz ve Agustos aylarin en sicak aylar oldugu tespit edilmistir
(MGM, 2022). Bu nedenle ¢alisma kapsaminda son Ol¢iimler Temmuz-Agustos aylarinda
gerceklestirilmistir. Leq degerlerinde en yiiksek ve en diisiik giiriiltii 6l¢iimleri verilmistir.

Elde edilen 6l¢iim sonuglarinda en yiiksek leq degeri, haritada 26 numaraya sahip olan alanda
(69,72 dB(A)), en diisiik leq degeri ise haritada 23 numara ile gosterilen alanda (38,60 dB(A))
elde edilmistir. Ilgenin sahip oldugu ana trafik aksi, araglar sebebiyle belli bir boyutta giiriiltii
yaratmaktadir. Ocak-Subat ve Nisan-Mayis aylar1 giiriiltii 6l¢limleri sonucunda, Isparta- Konya
Karayolu Kogtas Fix onii iizerindeki noktalardan elde edilen degerlerin yiiksek oldugu
gorlilmektedir. Diisiik ¢cikan noktalar Yesilada gibi trafik yogunlugunun olmadigi, rekreasyon
amaciyla yiiriiyiis yapmak icin tercih edilen alanlardan elde edilmistir.

Cizelge 1. Giiriiltii Ol¢iim Sonuglari

Olgiim Noktasi Leq (dB(A)) Ocak-Subat  Leq (dB(A)) Nisan-Mayis  Leq (dB(A)) Temmuz-Agustos

1 46,70 49,12 63,84
2 46,91 49,80 64,05
3 50,18 56,29 56,09
4 49,19 53,70 58,90
5 60,82 62,70 61,60
6 60,34 63,25 48,01
7 63,60 63,92 62,80
8 65,58 67,98 64,95
9 65,04 64,70 65,86
10 49,12 52,85 50,19
11 66,70 69,51 63,62
12 61,60 62,79 62,98
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13 64,73 73,35 49,18
14 51,80 73,45 42,50
15 58,67 62,26 46,90
16 56,71 61,75 38,70
17 53,40 58,42 66,88
18 52,96 59,27 52,76
19 52,96 58,80 53,10
20 46,16 55,75 50,47
21 50,38 56,80 51,46
22 44,52 55,23 42,50
23 45,98 58,25 38,60
24 44,79 50,18 40,30
25 70,45 72,80 43,70
26 67,51 72,25 69,72
27 67,51 72,35 66,88
28 52,36 54,65 39,70
29 65,08 71,45 55,80
30 56,23 58,43 51,46
31 69,59 71,60 54,74
32 70,40 73,57 63,78
33 71,65 71,45 65,60
34 60,27 63,27 59,41
35 58,86 61,69 57,68

Diinya Saglik Orgiitii standardina gére sonuglar Sekil 4, Sekil 5 ve Sekil 6°da verilmistir. Elde
edilen dl¢im degerleri irdelendiginde, mevsim kaynakli olarak daha ¢ok karayolu kaynakli
giirliltiiniin s6z konusu oldugu ve bunun yogunluga gore degisiklik gosterdigi belirlenmistir.
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Sekil 4. Ocak-Subat Giiriiltii Olgiimleri (Leq Degerleri)
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Sekil 5. Nisan-Mayis Giirtltii Ol¢timleri (Leq Degerleri)

1234567 8 91011121314151617181920212223242526272829303132333435

Sekil 6. Temmuz-Agustos Giiriiltii Olgiimleri (Leq Degerleri)

Girtilti haritasina Ocak-Subat aylarindaki Leq degerlerine bakildiginda; 16 adet 6lgiim
noktasindan elde edilen verilerin 60 dB(A)’nin tizerinde kalirken, 4 adet 6l¢iim noktasindan
elde edilen veriler 55 dB(A)’nin {izerinde kaldig1 goriilmektedir. Giiriiltii haritasina ve Sekil
5’de verilen degerlere bakildiginda; Nisan-Mayis aylarindaki Leq degerlerine bakildiginda 15
adet ol¢iim noktasindan elde edilen veriler 60 dB(A)’nin iizerinde kalirken 9 adet 6l¢iim
noktasindan elde edilen veriler 55 dB(A)’ nin {izerinde kalmigtir. Giiriiltii haritasina ve Sekil
6’ya verilen degerlere bakildiginda, Temmuz-Agustos aylarinda 13 adet 6l¢iim noktasindan
elde edilen Leq degerleri 60 dB(A)’nin iizerinde kalirken 5 adet 61¢iim noktasindan elde edilen
leq degerleri 55 dB(A)’ nin iizerinde kalmistir.

Stratejik giiriiltii eylem planlar1 i¢in de kullanilabilmesi adina Ocak-Subat, Nisan-Mayis ve

Temmuz-Agustos Leq degerleri ile olusturulan giiriiltii haritalar1 Sekil 7, Sekil 8 ve Sekil 9°da
verilmistir.
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Yapilan calisma kapsaminda, Egirdir ilgesinin ilkbahar ve yaz aylarinda sahip oldugu
rekreasyon potansiyeli nedeniyle 6zellikle Can ada ve Yesil adada belli bir boyutta giirtiltii
ortaya ¢ikmakta oldugu tespit edilmistir. Ozellikle Nisan-Mayis giiriiltii 6l¢iimleri sonucunda
Egirdir—Konya karayolu lizerinde, Temmuz- Agustos giiriiltii 6l¢timleri sonucunda ayni1 sekilde
Egirdir—Konya karayolu {izerinde, Can ada ve Yesil ada tamaminda belirlenen noktalardan elde

edilen degerlerin sinir degerlerden yiiksek oldugu goriilmektedir.
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TEMMUZ - AGUSTOS AYLARI GURULTU HARITASI
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Sekil 9. Giiriiltii Haritas1

Egirdir ilgesi, gerek tarihi zenginlikler agisindan, gerekse dogal varliklar acisindan biiyiik bir
potansiyele sahip olmas1 nedeniyle Isparta ilinin 6nde gelen turizm merkezlerinden birisidir.
Bu nedenle, Egirdir Goli’niin ve ¢evresinin dogal giizellikleri, her yil artan sayida yerli ve
yabanci turisti ilgeye cekmektedir. Ayni zamanda Egirdir; bedensel ve ruhsal agidan
yenilenmek, canlanmay1 saglamak, huzur veren aktiviteleri gerceklestirmek yani rekreasyonel
aktiviteler i¢in de kent merkezinden veya diger ilcelerden oOzellikle ilkbahar ve yaz
mevsimlerinde ragbet gérmektedir. Bu nedenle iklimin elverdigi zamanlarda g6l ¢evresinde
ylizme, piknik vb faaliyetler artmakta, bu da s6z konusu alanlarda insan kaynakl giiriiltiilere
neden olmaktadir. Say vd. (2017) tarafindan yapilan ¢aligmada da; giiniibirlik veya mevsimlik
onemli turizm akslarinda bulunan yerlesimlerin giiriiltii degerlerinin tespiti i¢in 6zellikle yaz
ve ki donemi olmak {izere mevsimsel 6l¢iimlerin yapilmasinin 6nemine vurgu yapilmaktadir.

Benzer sekilde Onciil & Kelkit (2023) tarafindan Canakkale’deki en biiyiik park ve rekreasyon
alanlarindan birisi olan Ozgiirliik Parki’nda ses karakterlerinin ve isitsel peyzaj degetlerinin
belirlenmesi amaciyla bir ¢alisma yapilmis; yaz doneminde en yiiksek degerin 72,60 dB(A) en
diistik degerin ise 50,53 dB(A) oldugu, sonbahar doneminde ise en yliksek degerin 59,22 dB(A)
en diisiik degerin ise 49,60 dB(A) oldugu ve ilkbahar doneminde ise en yiiksek degerin 69,22
dB(A) en diisiik degerin ise 49,14 dB(A) oldugu saptanmustir. {lkbahar donemi haritalarina
bakildiginda, hafta ici evcil hayvan alani ile ¢ay bahgesinin oldugu bdlgede 6zellikle ses
diizeylerinde artig gorildiigl ifade edilmistir. Ayrica Deveci & Yorulmaz (2022) tarafindan
yapilan c¢alismada da Edirne il merkezinde giiriiltii 6l¢lim cihazi ile yaptiklar1 analizler
sonucunda kiyr seridinin o6zellikle yaz aylarinda yogun giiriiltilye maruz kaldigi sonucuna
varilmstir. Yine Ozyurt Okten & Aysu Kapan (2024) tarafindan Iskenderun’da yapilan
calismada da; yaz mevsiminde aksam saatlerinde hafta ici saatlerinin daha sakin oldugu, hafta
sonu aksam saatlerinin ise 6zellikle ulagim aksinda seri sekilde yogunlasan giiriiltii kirliliginin

68



Sava, B., Kus Sahin, C. & Coskun, S. / Turkish Journal of Forest Science 9(1) 2025: 59-74

oldugu ifade edilmistir. Bu kullanim yogunlugu ve giiriiltii artisinin yaz aylarinda ilgeye gelen
yerli ve yabanci turistlerin artmasindan ve giindiiz ytliksek sicakliklara maruz kalan bolgede
rekreasyon faaliyetlerinin aksam saatlerine kaymasindan kaynaklanmakta oldugu belirtilmistir.
Solak vd. (2023) tarafindan Isparta ilinde yapilan ¢alismada, park igerisinde ve ¢evresinde
meydana gelen giiriiltiiniin olmas1 gereken degerin iizerinde oldugu ifade edilmistir.

Trafik giiriiltiistiniin belirlenmesi ile ilgili Tiirkiye’de yapilan ¢aligmalar incelendiginde,
caligmalara konu 6l¢lim noktalarinin ¢ogunda yonetmelik degerlerinin {izerinde elde edilen
sonugclara dikkat cekilmektedir. Yerli & Demir (2015) tarafindan yapilan calismada; Istanbul-
Ankara Otoyolu’ndaki dinlenme alanlarinin, giiriilti kirliliginin etki etmesi durumlari
arastirllmistir. 36 giiriiltii kaynagiyla dinlenme tesisi arasindaki mesafenin ve kot farkinin
glirliltii iizerinde etkisinin degerlendirildigi c¢alismada, otoban {izerindeki 12 dinlenme
alanlarinda farkli mesafe ve kodlarda giiriiltii Ol¢timleri yapilmistir. Calisma sonucunda,
otoyoldan uzaklasildikea giiriiltiiniin azaldig1 tespit edilmistir. Aydin & Ates (1997) tarafindan
yapilan ¢aligmada da Konya’da oldukga kalabalik trafige sahip 10 cadde iizerinde giiriiltii
Ol¢iimleri yapilarak elde edilen sonuglar degerlendirilmistir. Calismada bulunan giiriiltii 61¢iim
degerlerinin, yonetmelik kapsaminda goriilen degerlerin iistiinde goriildiigli sonucuna varildigi
bilinmektedir. Sivas ilinde trafikten kaynaklanan giiriilti kirliligi arastirilmasi amaciyla
Atmaca (1997) tarafindan yapilan calismada; Sivas sehir merkezinde 6l¢iim i¢in segilen kavsak
ve caddelerde belirtilen 24 noktada giiriiltii 6l¢timii alinmistir. Calismada bulunan giiriilti
dlgiimlerinin ydnetmelikte dngoriilen degerlerin {istiinde seyrettigi goriilmiistiir. Unver (2008)
tarafindan yapilan c¢alismada; Corlu’da trafikten kaynaklanan giiriiltii kirliliginin ve giiriiltii
degerlerinin zamansal dagilimi belirlenmistir. Elde edilen sonuglara bakildiginda, 15 6l¢iim
alaninda Cevresel Giiriiltiiniin Degerlendirilmesi ve Yonetimi Yo6netmeligi'ne gore belirlenen
siir degerinin astig1 ve sadece 3 Ol¢lim noktasinin sinir degerin altinda oldugu sonucuna
vartlmistir. Yerli (2012) tarafindan yapilan calismada; Diizce Kentinin Agustos 2010-Temmuz
2011 yil1 i¢in mevsimler, yil, aylara ait giirtiltii haritalar1 yapilmis, giirtiltiiniin sinir degerlerini
asan alanlar tespit edilmistir. Calismada, ¢evresel giiriiltiiniin yliksek olmasinin sebebi trafik
giiriiltiisii oldugu, kent alanlarinin kullanim kosullarmin kotiilestigi alanlarda giirtiltii
seviyesinin arttigi, sehir merkezinden uzaklastikca bu seviyenin yavas bir sekilde azaldigi
goriilmiistiir. Kent merkezlerinde giiriiltii ve ¢evre sorunlarindan kaynakli insanlarin, doga ya
da dogala yakin olan yesil alan ve parklar tercih ettikleri tespit edilmis bir sonuctur (Ozer,
2017).

Yasam alanlarinda giiriiltii sikdyeti ile ilgili yapilan anketlerde katilimcilarin %98,4°1
giiriiltiiniin yasami olumsuz etkiledigini ve yasadiklar1 alanda giiriiltt bariyeri olusturulmasina
%68.,9 oraninda istekli olduklar1 tespit edilen bir sonugtur (Aksu, 2023). Kentsel alanlarda
giiriiltii seviyelerinin olumsuz cevresel etkilerini azaltmak icin bitkilerden olusturulan giirtilti
perdelerinin ¢ok avantajli oldugunu belirten ¢alismalar mevcuttur. Bitkilerin, devamli form
degistirebilen estetik yapilariyla iklimi iyilestirme, gdlgeleme, toz siizme, erozyon dnleme,
dinlenme imkéan1 saglama ve kiiltiirel etkilerinin yani sira halkin psikolojik ve fizyolojik
ihtiyaclarina 6nemli derecede iyi yonde etki yapmaktadirlar. Yapay elemanlardan meydana
getirilen giiriiltii perdelerine bakilirsa, ¢ok daha ucuza mal olmalarinin yani sira daha estetik
bir gériiniime sahiptirler (Giir & Onder, 2000).

Bitkisel uygulamalara 6rnek olarak, ekolojik koridor olusturmaya yonelik, yapisal ve bitkisel
tasarim, yol agaclandirmasi, cep parklar1 ve kesintisiz yaya ve bisiklet yollar1 onerilebilir.
Glirtiltliyli engelleme bariyeri ile ekolojik bir koridor uygulamasi ¢alismasinin sonucu olarak
Istanbul’da giiriiltii bariyerlerinin hemen arkasinda yapilan dlgiimlerde plastik bariyerlerinin
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tiim Olcim noktalarinda giiriiltiiyii 20 dB(A) nin {izerinde azalttig1 tespit edilmistir (Aksu,
2023).

SONUC

Glinlimiizde kentlesmenin artmasi, yasam alanlarinda bir¢ok c¢evre sorununun nedenidir.
Gurdlti kirliligi kentlesmenin bir sebebi olarak insan sagligini olumsuz etkileyen cevre
sorunlarindan birisi olarak karsimiza ¢ikmaktadir. Calisma kapsaminda; Goller Bolgesinde yer
alan ve Isparta iline bagh Egirdir ilgesi arastirma alan1 olarak belirlenmistir. Ilce merkezinde
yapilan gozlemlere dayanarak giiriiltii haritalarinin olusturulabilecegi 0Ol¢lim noktalari
belirlenmistir. 35 adet noktada giiriiltii 61¢iimleri mevsimsel degerlendirme de yapabilmek igin
2023 yil1 Ocak-Subat, Nisan-Mayis ve Temmuz-Agustos aylarinda gergeklestirilmistir. Elde
edilen verilere gore alandaki en diisiik ve en yliksek Leq degerleri belirlenmis, mevsimsel
olarak giiriiltli haritalar1 hazirlanmistir. Calisma sonuglar1 asagidaki gibi siralanabilir:

Kis mevsimi giiriiltii 6l¢climlerine gore alandaki en yiiksek Leq degeri, Egirdir — Konya
Karayolu Koctas Fix etrafindaki noktadan 71,65 dB(A), en diisiik leq degeri ise Egirdir Yesil
Ada Felekabad Restaurant etrafinda 44,52 dB(A) elde edilmistir. Ilkbahar &lgiimlerinde en
yliksek Leq degeri, Egirdir — Konya Karayolu Kogtas Fix etrafindaki noktadan 73,57 dB(A),
en diisiik Leq degeri ise Nafiz Yiirekli Mesleki Teknik Anadolu Lisesi yakininda 49,12 dB(A)
tespit edilmistir. Yaz mevsimi giirtiltii 6l¢timlerine gore en yiiksek Leq degeri, Egirdir — Konya
Karayolu Egirdir Aile Sagligi Merkezi etrafinda 69,72 dB(A), en diisiik Leq degeri ise Egirdir
Orman Isletme Miidiirliigii yakininda belirlenmis olan noktadan 38,60 dB(A) elde edilmistir.

Giiriiltii 6l¢iimlerinden elde edilen degerler ve hazirlanan giiriiltii haritalar1 irdelendiginde;
Ocak-Subat dl¢iimlerinde 20 6l¢tim noktast 55 dB(A) nin iizerinde; Nisan-Mayis Ol¢timlerinde
24 adet 6l¢iim noktasindan elde edilen giiriiltii 6l¢timleri 55 dB(A)’ nin iizerinde; Temmuz-
Agustos aylarinda 18 adet Olglim noktas1 giiriiltii seviyeleri 55 dB(A)’nin istiinde tespit
edilmistir. Ilkbahar aylarinda rekreasyon ve trafik hareketliligi nedeniyle daha fazla noktada
degerler yiiksektir.

Oneriler

Hazirlanan ¢alisma kapsaminda; yapilan 6l¢iim ve degerlendirmeler sonucunda elde edilen
giiriiltii degerlendirmelerinde, birgok noktanin giiriiltii diizeyinin, giiriiltii yonetmeligine ve
WHO'ya gére sinir degerleri iizerinde oldugu goriilmiistiir. ilgenin maruz kaldig: giiriiltii
kaynaginin motorlu tasitlar kaynakli trafik yogunlugu oldugu goriilmiistiir. Ilgede zamanla
ekonomi ve niifusun gelismesine dayanarak ara¢ sayisinin da artmasi sonucunda giirtiltii
seviyesinin yiikselmesi s6z konusu olabilir. Bu nedenle, yonetmelik geregi kamu kurum ve
kuruluslariyla birlikte sivil toplum orgiitlerinin daha saglikli bir gelecek igin stratejik giiriiltt
haritalar, stratejik giiriiltii eylem planlari, akustik raporlarin hazirlanmasi i¢in uygulamaya
gecilmelidir.

Karayollarindan kaynaklanan giiriiltiiniin, motorlu tasitlarla ilgili olarak teknik kapsamli
alinmas1 gereken onlemler ve de yerel yonetimlerin kent icerindeki ulagimi yonlendirilme ve
diizenlemesi kapsaminda alacagi onlemlerle denetimin azaltilmasi miimkiin kilinmaktadir.
Trafik diizenlemeleri ve yerel yonetimlerle ilgili birimlerin araclardan olusan giiriiltiiniin
Olctimlerle denetlenebilmesi seklinde tedbirler alinmalidir.

70



Sava, B., Kus Sahin, C. & Coskun, S. / Turkish Journal of Forest Science 9(1) 2025: 59-74

Tasitlarin hareket etmesi ve kavsaklarda durmasi esnasinda motordan gelen ses seviyesinin ¢ok
olmasi ve trafik lambasinda duran siiriiciilerin kornaya basmalarindan dolay1 olusan giiriiltii
seviyesinin yiiksek olmasi nedeniyle 6nlem olarak kavsak sayisi azaltilabilir ve tasitlarin korna
kullanmalar1 6nlenebilir veya kisitlanabilir. Trafik kaynakli giiriiltiiniin hissedilebilirliginin
azaltilabilmesi i¢in karayollar1 ¢evrelerinde ve refiijlerde bitkilendirme c¢alismalar
yapilmalidir. Bitkinin giiriiltiiyli azaltma / perdeleme seviyeleri; giiriiltii kaynaginin siddetine,
giirliltii perdelerinin uygun yerlerde tesis edilip edilmedigine, uygun bitki tiiriiniin segilip
secilmedigine, kaynak ile alic1 arasindaki mesafeye, zeminin etkisine, yeterli yogunluk, siklik,
boy ve geniglikte olup olmadiklarina, mevsimsel degisimlere, dogru kompozisyon ve dikim
teknigi yapilip yapilmadigi dogrultusunda farklilik gosterebilmektedir.

Giiriiltiilye sebep olan kuruluslarin, yapilarin etraflarinda bilgi sahibi kisiler tarafindan
bitkilendirme yapilmasi, bdlgede yasam saglayan insanlarin sagliklar1 bakimindan oldukga
onem teskil etmektedir. Bu yapilarin ¢evrelerini bitkilendirilmesi, giiriiltiiyii hissedilir oranda
azaltacaktir.

Egirdir’de toplu tagtmanin kullanimi tesvik edilmelidir. Giiriilti etkileri konusunda resmi
kurumlarin, sivil toplum kuruluslarinin ve basin yayin organlari is birligi yaparak toplantilar,
konferanslar ve seminerler diizenlenip halkin bu sekilde bilinglenmesi saglanmalidir.

Akdeniz Bolgesi’ndeki Sakin Sehirlerden birisi olan Egirdir Ilgesinde gergeklestirilen ¢alisma,
farklh CittaSlow destinasyonlarin incelemesine ornek teskil edebilir ve bdylece karsilastirma
yapilabilir. Ilgcenin Sakin Sehir &zelliginin korunabilmesi ve devamliligi adima, turizm
paydaslarinin da ortak alinacagi kararlar ile uzun vadeli planlamalar yapilabilir. Bu konuda
gerek yorede bulunan yerel isletmeciler gerekse yerel halkin, yorenin dogal giizellikleri ve
kiiltiirel degerlerinin gozetilmesi ve siirdiiriilebilirligin saglanabilmesi adina, duyarli olmalar:
konusunda bilgilendirilmeleri gerekmektedir.

Bu caligma kapsaminda uygulanan yontemler, gerceklestirilen dl¢iim teknikleri ve ortaya
konulan veriler literatiir i¢in 6zgilindiir ve ileride gerceklestirilecek benzer arastirmalara
rehberlik etme niteligi tasimaktadir. Bu kapsamda elde edilen sonuclarin, ortaya konulan
verilerin ve degerlendirmelerin, giirtiltiiniin olumsuz etkilerinin azaltilmasina yonelik
arastirmalara katki saglamasi beklenmektedir. Giiriiltii kirliligi gibi diger ¢evre sorunlarinin da
azaltilmas1 ve onlem alinmasi, kentsel alanlarda koruma-kullanim dengesinin saglanmasi ve
kamu yarar1 gozetilerek yesil alanlarin planlanmasi ve olusturulmasi kapsaminda olusturulacak
peyzaj plani altlik olarak kullanilmali ve bu baglamda kent planlar1 yapim asamasinda meslek
disiplini olarak peyzaj mimari1 gérev almalidir.
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ABSTRACT: Soils, as the most dynamic and complex components of terrestrial ecosystems,
serve as crucial sinks for atmospheric carbon storage and retention. Human interventions in
soil management significantly influence the amount of carbon and nitrogen stored or
sequestered. This study investigated the effects of afforestation using Cedrus libani A. Rich
(Lebanese cedar or Taurus cedar) at two different ages (10 and 25 years) in the Upper
Mediterranean basin on soil organic carbon and nitrogen stocks. The afforestation was
conducted on previously bare lands for soil conservation purposes. A total of 45 soil samples
were collected from topsoil (0—10 cm): 15 samples were randomly taken from two different
times (2000 and 2015) afforested areas and 15 from non-afforested (control) land. Soil
organic carbon (SOC), total nitrogen (TN), and bulk density (BD) analyses were performed
on these samples. To calculate soil organic carbon stocks in tons per hectare, bulk density
(BD) was estimated using the SOC and soil mass equation. The results revealed a substantial
increase in carbon and nitrogen storage in the afforested areas, depending on tree age.
Specifically, organic carbon and nitrogen stocks in the topsoil of 25-year-old and 10-year-old
afforestation sites were 65% and 48% higher, respectively, than in control soils. Carbon and
nitrogen storage followed the trend: 25-year > 10-year > 0-control. The highest total nitrogen
content (0.78%) was observed in 10-year-old cedar afforestation sites. While BD values did
not differ significantly among afforested areas, the control areas showed distinct differences
from the afforested sites. This study demonstrates that age-protected cedar afforestation
significantly enhances carbon and nitrogen sequestration in previously bare soils, highlighting
its importance for soil conservation and ecosystem sustainability.

Keywords: Cedar, afforestation, Karst, carbon sequestration, carbon stocks, nitrogen
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CEDRUS LIBANI AGACLANDIRMASININ YUKARI AKDENiZ HAVZASINDA
TOPRAK KARBON VE AZOT STOKLARI UZERINDEKI ETKIiSi

OZET: Karasal ekosistemlerin en dinamik ve karmasik yapitasi olan topraklar atmosferik
karbonun tutularak depo edildigi en Onemli yutaklarin basinda gelmektedir. Topraklara
yapilan miidahaleler depo edilen veya edilecek olan bu karbon ve azot miktarlarini
degistirmektedir. Bu calismada, toprak koruma amaciyla yukari1 Akdeniz havzasindaki ¢iplak
arazilerde 25 ve 10 yillik Cedrus libani A. Rich (Liibnan sediri veya Toros sediri) kullanilarak
yapilan agaglandirmalarin topraklarin organik karbon ve azot stoklarma olan etkileri
arastirilmustir. ki farkli zamanda (2000 ve 2015) agaglandirma yapilan alanlardan rastgele
olarak 15 er adet ve agaclandirma yapilmayan ¢iplak bir araziden de 15 adet toprak alinmak
suretiyle toplamda 45 adet toprak numunesi 0-10 cm derinliginden alinmistir. Toprak
orneklerinde organik karbon (TOK), toplam azot (TA) ve hacim agirligi (HA) analizleri
yapilmstir. TOK ve TA stoklarmi hektar bagina ton cinsinden hesaplamak i¢in HA, TOK
veya TA ve toprak kiitlesi esitliginden yararlanilarak tahmin edilmistir. Elde edilen veriler
sonucunda yasa bagl olarak ¢ok ciddi miktarda sedir agaglandirma sahalarinda karbon ve
azot depolandigi, 6zellikle 25 ve 10 yaslarindaki agaglandirma sahasindaki {ist topraklarda
depolanan karbon ve azot miktarinin kontrol topraklarina nispeten sirasiyla %65 ve %48 daha
fazla oldugu belirlenmistir. Bu alanlardaki karbon ve azot depolama yasa gore 25>10>0
seklinde siralanmistir. Buna karsin topraklarin toplam azot miktarlarinda en yiiksek deger
0.78 ile 10 yasindaki sedir agaclandirma sahalarinda bulunmustur. Istatistiksel olarak
agaclandirma yapilan alanlardaki hacim agirliklar: birbirlerinden farkli olmadig1 halde kontrol
alanlarmin hacim agirliklar1 agaclandirma yapilan alanlardan farkli bulunmustur. Bu ¢alisma,
yasa bagli olarak korunan sedir agaclandirma ¢aligmalarinin ¢iplak topraklarindaki karbon ve
azot miktarinin dnemli derecede arttirdigini gostermistir.

Anahtar kelimeler: Sedir, agaclandirma, Karst, karbon tutulmasi, karbon stoklari, azot

INTRODUCTION

Global warming is one of the most pressing environmental challenges affecting both our
country and the world. To combat this issue, reducing atmospheric greenhouse gas emissions
and enhancing carbon sinks are widely used strategies (Kokang, 2014; Ozlu et al., 2022).
Forests and forest soils serve as the primary terrestrial ecosystems capable of storing
significant amounts of atmospheric carbon (Lee et al., 2016). In particular, substantial
investments and efforts have been dedicated to afforestation, rehabilitation, and grazing
management to protect soils in barren areas and enhance carbon sequestration potential.
Through large-scale national initiatives such as afforestation campaigns, '"Tilrkiye Century,'
and 'Breath to the Future,' extensive afforestation efforts have been undertaken across the
country. Beyond their ecological and economic significance, these afforestation projects
contribute to increased carbon storage in vegetation and soils, which is crucial for ecosystem
sustainability. Therefore, understanding the dynamics of carbon sequestration in afforested
and natural forest areas has become increasingly important (Kara et al., 2016; Babur et al.,
2016; Lee et al, 2018).

Soils are among the most critical components of terrestrial ecosystems, capable of storing
substantial amounts of organic carbon (Babur et al., 2021a; Dindaroglu et al., 2021a). It is
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estimated that global soil organic carbon (SOC) sequestration surpasses the atmospheric
carbon pool by threefold and is four times greater than the biotic carbon pool (Lal, 2001).
Recognizing this capacity, the Kyoto Protocol highlighted soil carbon storage as a key
strategy for reducing CO: emissions, a major greenhouse gas (Ruiz-Sinoga et al., 2012).
Furthermore, assessing and enhancing soil carbon storage was a central topic at the COP21
Climate Summit held in Paris in December 2015. In line with these efforts, the United Nations
General Assembly adopted the 2030 Agenda for Sustainable Development, emphasizing the
restoration of degraded soils (UNGA, 2015). Through conservation and development
initiatives aligned with the Sustainable Development Goals (SDGs), the sustainable
management of dynamic, limited, and fragile soil resources can be ensured (Jonsson et al.,
2016). Given its significance, monitoring SOC stock dynamics has been proposed as a viable
indicator for assessing land and soil changes within the SDG framework (Lorenz & Lal,
2017). However, land use patterns and changes significantly influence soil carbon
sequestration capacity (Feller & Bernoux, 2008; Dindaroglu et al., 2024).

Changes in land use have both direct and indirect effects on biotic and abiotic environmental
factors within ecosystems (Dindaroglu et al., 2024). As a result, land use changes are
considered key indicators of land degradation and global climate change (Babur et al., 2021a;
Dindaroglu et al., 2021b). In recent years, improper land use and land use changes have
become the primary drivers of both global and local environmental issues (Osman et al.
2025). Consequently, research on identifying, monitoring, and predicting future land use
changes is growing rapidly. The conversion of forested areas into agricultural land and
pastures negatively impacts land sustainability and ecosystem stability (Long & Liu, 2016). In
contrast, afforestation of bare areas enhances soil and ecosystem protection (Babur et al.,
2016). According to Bruce et al. (1999), deforestation and soil erosion lead to the release of
approximately 1.7 and 0.1 PgCyr! of carbon emissions into the atmosphere, respectively.
However, increasing forest cover, rehabilitating degraded forests, implementing sustainable
land management practices (Lal, 2001), and strengthening environmental protection measures
(Wali et al., 1999; Kara et al., 2016; Babur et al., 2021a) can significantly mitigate global CO-
emissions (Post & Kwon, 2000).

Lebanon cedar (Cedrus libani A. Rich.) forests are most densely distributed in the Taurus
Mountains along Tiirkiye's Mediterranean coast (Boydak, 1996; 2003). Historically, extensive
Lebanon cedar forests existed in Syria and Lebanon, but due to logging, burning, and goat-
grazing over the past 5000 years, only small populations remain in these regions (Aytug,
1970). In the Taurus Mountains, Lebanon cedar generally thrives between 800 and 2100
meters in elevation, though smaller populations or individual trees can be found at lower
(500-600 m) and higher (up to 2400 m) elevations. Additionally, scattered populations exist
in other parts of Anatolia, such as Sultandagi-Afyon and the Black Sea region (Catalan-Erbaa
and Akincikdy-Niksar) (Saatcioglu, 1976; Boydak, 1996; Atalay, 1987).

Currently, Tiirkiye hosts the world’s largest natural Lebanon cedar forest, covering an area of
417,188 hectares (Caliskan, 1998; URL-1, 2009). This species' resilience to extreme stress
conditions and social pressures in the Mediterranean region, along with its high success rate in
afforestation and reforestation, has made it a top choice for forest restoration efforts. Despite
centuries of human activity in Anatolia, the rugged and inaccessible topography of the Taurus
Mountains has played a crucial role in preventing the extinction of the Lebanon cedar
(Boydak, 2003).
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Inventory, estimation, projection, and management of soil and soil-related ecosystem
resources in our country and the world require accurate determination of SOC stocks within
the scope of management practices. In addition to the fact that a large part of the carbon pool
in terrestrial ecosystems is soil (Jobbagy & Jackson, 2000), SOC is the main driver of critical
ecosystem processes and services such as nutrient cycling, water retention, and biological
carbon sequestration (Lal, 2004; Babur et al., 2021b). Although studies on C production and
storage in aboveground ecosystem pools have intensified (Vance, 2000; Birdsey et al., 2006;
Ludwig et al., 2011), the effects of management practices (such as afforestation,
rehabilitation, harvesting) on the increase of belowground C stocks at temporal and spatial
scales are much less understood (An et al., 2009). Although various articles have been
published on C sequestration in soils in humid and tropical regions, studies on C sequestration
are needed in Tirkiye since it is covered with semiarid regions with widespread soil
degradation, is under the influence of extreme ecological conditions, and is exposed to the
negative effects of climate change. Therefore, this study was carried out to reveal how cedar
afforestation carried out at different times in karst areas, which are sensitive as ecosystems,
for soil protection against erosion, changes the C and N stocks stored in the soils over time.
The data to be obtained will reveal the amount of C stored in bare karst areas after
afforestation and the function of afforestation, which plays an effective role in reducing
greenhouse gas emissions that play a role in global climate change.

MATERIAL AND METHODS
Study Site

The research area consists of afforestation sites within the borders of Toros and Sorgun
villages in the Erdemli district of Mersin province, located in the Mediterranean Region of
Tiirkiye (Figure 1). Erdemli’s geographical coordinates are 36°34' N latitude and 34°18' E
longitude. The district has a warm and temperate climate, with more rainfall in winter than in
summer. According to the Koppen—Geiger classification, Erdemli falls under the Cold
Semiarid (Csa) climate category, characterized by mild winters and very hot, dry summers.
The district's annual average temperature is 16.1 °C, with August being the hottest month
(25.5 °C) and January the coldest (6.9 °C). The annual total rainfall is 650 mm, with
December receiving the highest precipitation (140mm) and July the lowest (15mm).
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Given the high-altitude nature of the study area, afforestation efforts have focused on Taurus
cedar (Cedrus libani L.), which thrives at these elevations. The predominant soil type is Terra
rossa (Previtali et al., 2017). Geologically, the study area is part of a basin where Tertiary
sedimentary rocks from the Oligocene-Pliocene period rest unconformably on the rugged
topography of Paleozoic-Mesozoic basement rocks forming the Taurus orogenic belt (MTA,
2020). These durable limestone surfaces have formed steep slopes, featuring numerous karst
dissolution cavities, slides, and rock formations, particularly in the uppermost sections of the
terrain (Bulut, 1998). Some physiographic, topographic, biotic and edaphic features of the
research area are shown in Table 1.

Table 1. Study site characteristics

Environmental Afforestation Ages
Factors

Control 10 years 25 years
Longitude 36°54° 13 36°54° 22 36° 49’ 55
Latitude 34°06° 52”° 34°06° 37 34° 97 49
Altitude mean (m) 1670 1675 1650
Slope degree mean (%) 30 40 40
Afforestation date 0 2015 2000
Vegetation type - Taurus cedar Taurus cedar
Soil texture Sandy clay loam Sandy clay loam Sandy loam
pH 7.01 8.09 6.80
pH class Neutral Slightly Alkaline Neutral

Soil Sampling and Laboratory Analysis

Soil samples were collected in October 2024 from afforested in different years, as well as
from non-afforested bare areas (control) within the borders of the Erdemli Forest
Management Directorate. A total of 45 sampling points were randomly selected: 15 from each
different cedar afforestation area established in 2000 (C25) and 2015 (C10), and 15 from
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control sites (Co). From these points, 45 disturbed and 45 undisturbed soil samples were
collected from topsoil layer (0-10 cm). To determine bulk density, undisturbed soil samples
were taken using a sample ring (steel cylinder=VS= 385¢m?), while disturbed soil samples
were collected separately for chemical analyses. Soil sampling in forested areas followed the
International Cooperative Programme (ICP) Guidelines (UNECE, 2003) and the Area-Frame
Random Soil Sampling (AFRSS) methodology (EC, 2009; IPCC, 2003; Stolbovoy et al.,
2007)

The bulk density of the soil samples with intact natural structure (undisturbed soil) brought to
the laboratory was calculated after they were dried in an oven for 24 h at 105 °C until they
reached a constant mass weight and weighed on a precision scale (Sariyildiz et al., 2024;
Dindaroglu et al., 2024).

Soil organic carbon (SOC) and total nitrogen (TN) contents were analyzed using the Walkley-
Black chromic acid wet oxidation method and the Kjeldahl digestion method, respectively
(Rowell, 1994).

SOC and TN stocks were calculated according to the Formula (1) given below (Lee et al.,
2009).

SOC or TNitocks= %SOC or %TN * Mi (ton ha'!) (1)

Mi given in this formula represents the mass of dry soil at the i’th soil depth and its amount is
calculated according to the below Formula (2).

Mi: BDi x Ti x 10 )

BDi represents the soil bulk density at i soil depth (ton m), Ti represents the soil sampling
thickness at i soil depth (m), and 10 represents the unit change factor (m? ha™!).

Statistical Analysis

Descriptive statistical analyses were made regarding the BD, SOC, TN, Csiock, and TNstock
properties of soils taken from cedar-afforested and control lands at different times. The
Kolmogorov-Smirnov analysis method was used to test whether the values obtained as a
result of the analyses showed a normal distribution based on the afforestation year. Duncan's
test from one-way variance analysis was used to compare independent group differences. The
statistical significance level was accepted as P<0.05.

RESULTS

Descriptive statistics of some soil properties that play an active role in the decomposition
processes in Control (Co), 10-year-old cedar field (C10), and 25-year-old cedar field (C25)
land use areas are presented in Table 2. BD values ranged from 0.49 to 1.54 g/cm? in C25,
0.68 to 1.64 g/cm? in C10, and 0.83 to 1.94 g/cm? in Co. SOC content varied between 2.08%
and 6.46% in C25, 1.35% and 5.80% in C10, and 0.32% and 2.40% in Co. TN levels ranged
from 0.015% to 0.153% in C25, 0.037% to 0.108% in C10, and 0.010% to 0.059% in Co.
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Soil carbon stock (Cstock) values fluctuated between 15.01 and 52.47 tC ha™' in C25, 13.69 and
50.72 tC ha™' in C10, and 3.13 and 39.54 tC ha™' in Co. Similarly, soil nitrogen stock (Nstock)
varied between 0.190 and 1.15 tC ha™! in C25, 0.380 and 1.55 tC ha™! in C10, and 0.130 and
1.14 tC ha™! in Co.

Table 2. Descriptive Statistics of Topsoil (0—10 cm)

N Mean Std. Deviation Std. Error Minimum Maximum
C25 15 1,07 27 ,069 ,49 1,54
BD C10 15 1,13 24 ,061 ,68 1,46
Co 15 1,35 ,3 ,081 ,83 1,94
C25 15 3,35 1,23 316 2,08 6,46
SOC C10 15 2,86 1,19 ,309 1,35 5,80
Co 15 1,55 75 ,194 32 2,40
C25 15 ,051 ,035 ,009 ,015 ,153
TN C10 15 ,070 ,021 ,006 ,037 ,108
Co 15 ,036 ,017 ,004 ,010 ,059
C25 15 34,97 11,44 2,954 15,01 52,47
Cstock C10 15 31,19 10,91 2,816 13,69 50,72
Co 15 21,13 11,50 2,970 3,13 39,54
C25 15 51 28 ,073 ,190 1,15
Nstock C10 15 ,78 27 ,070 ,380 1,55
Co 15 ,49 28 ,072 ,130 1,14

Abbreviations: BD=Bulk Density (g/cm?); SOC= Soil organic carbon; TN= total nitrogen; Csiwck=s0il organic carbon stock
(tC ha™"); Nstwek=soil organic nitrogen stock (tN ha™') C25= 25 ages cedar forest; C10= 10 ages cedar forest; Co=Control

ANOVA tests conducted on measured soil samples and the average values of carbon (C) and
nitrogen (N) stocks indicated that afforestation significantly influenced these soil properties
over time (P < 0.05; Tables 3 and 4). Among these properties, SOC exhibited the highest F-
value.

Table 3. F and P statistic values of the one-way ANOVA for temporal effect of afforestation
on BD, SOC, TN, and C and N stocks

BD SocC TN Cstock Nstock
P-values * sk o o ek
F-values 4.25 11.13 6.64 6.03 5.14

Abbreviations: BD=Bulk Density (g/cm?); SOC= Soil organic carbon; TN= total nitrogen; Csiwck=s0il organic carbon stock
(tC ha™!); Nswck=so0il organic nitrogen stock (tN ha™!), * Significant at P < 0.05; ** Significant at P < 0.01; *** Significant at
P <0.001.

Table 4. According to the one-way ANOVA, the changes in soil properties with afforestation
of bare space over different years.

Afforestation Ages
Properties Co C10 C25
BD (g/cm?) 1.35+£0.31° 1.13+£0.24% 1.07+£0.272
SOC (%) 1.55+0.75% 2.86+1.19° 3.35+£1.23°
TN(%) .036+0.022 .070+0.02° .051+0.04 2
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The mean BD values of the soils were found to be different (P < 0.05; Table 3). The highest
BD was observed in control soils, while the lowest was recorded in C25 soils.

The organic C fraction in the soil is significantly related to the age of afforested sites (Tables
3 and 4). The SOC values in soils from cedar afforestation sites were higher than those from
bare land, with a statistically significant difference between afforested and bare land areas.
Especially, C25 soils had the highest C levels, whereas control soils had the lowest, showing
an inverse relationship with BD. Total nitrogen content was highest in the C10 and lowest in
Co soils.

The average organic carbon sequestration of soils was calculated and the highest value was
found in C25 (34.97 tC ha™), while the lowest was recorded in Co soils (21.13 tC ha™),
mirroring the pattern observed in soil C content (Figure 2a). Similarly, N stocks were highest
in C10 (0.78 tN ha™') and lowest in Co soils (0.49 tN ha™), aligning with TN content trends
(Figure 2b). In terms of Cstocks, C25 and C10 soils formed distinct groups from control soils.
However, for N stocks, C10 soils exhibited significant differences compared to both control
and C25 soils.

(a) Cstock (b) NStock
Topsoil (0-10 cm) Topsoil (0-10 cm)
20 1 17 0.78 b
3497b
~ 40 - 31.19b ~ 08 - I
= o 0.51a
= 1 I = | 049a
9_. 30 21.13 a % 0,6 I
20 - I 0,4 -
10 ~ 0,2 -
0 0
Control 10 years 25 years Control 10 years 25 years

Figure 2. Changes in soil organic carbon stocks (a), total nitrogen stocks (b), with afforestation in
different years. Different letters above the bars indicate significant differences at p < .05 among the
land use types.

The Pearson correlation analysis illustrated that there was a negative significant relationship
between BD, SOC, and TN (p<0.01 and p<0.05). In addition, there was a significant positive
relationship between SOC and TN, Cstock and Nstock (p<0.01). The highest relationship was
found between TN and Nsock (p<0.01; r=0.845**) (Figure 3).
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Figure 3. The heatmap of the Pearson correlation coefficients (p<0.05).

DISCUSSION

Afforestation practices significantly influenced the BD, OC, and TN values in the research
area. The highest BD of the research areas was found in the control areas. A significant
increase in BD values was found in the 0-10 cm soil layer, corresponding to the age of
afforestation areas. The highest BD values were recorded in bare land soils (Tables 2 and 3).
This increase in BD in bare lands can be attributed to lower soil organic matter content,
degradation of soil structure, and a reduction in macropores due to soil deterioration.
Similarly, Yuksek & Yuksek (2011) reported the highest BD (1.32 g/cm?®) in bare land and the
lowest BD (1.18 g/cm?) in the upper layers of afforested soils. Our study site was on Karst
ecosystems. Previous studies on karst ecosystems by Vermez et al. (2018) indicated that soils
were moderately basic (pH 8.1) and contained sufficient organic matter (4.33%).

Generally, afforested lands exhibited higher OC and TN values than bare lands (Tables 2 and
3). This increase is attributed to the accumulation of dead needles, branches, and cones, which
enhance soil carbon and nitrogen content by supplying organic matter. The primary sources of
C and N in forest soils are fallen litter and fine roots (Babur et al., 2021a). The quantity and
quality of litter contribute to plant primary productivity by enhancing fine root density and
turnover, thereby increasing SOC and TN availability (Laik et al., 2009; Pang et al., 2016).

Similar findings have been reported in previous studies. Lima et al. (2006) found that
afforestation of degraded pastures led to increased carbon accumulation in soils over 30 years.
Afforestation has been shown to improve various soil properties, including physical, hydro-
physical, and chemical characteristics (Yuksek & Yuksek, 2011; Kara et al., 2016). For
example, organic matter content in soils with Black Locust plantations ranged between 2.09%
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and 3.57%. However, Polglase et al. (2000) noted that afforestation only had a minor effect on
soil carbon accumulation across different environments.

Conversely, some researchers observed a temporary decline in total soil organic carbon after
converting grasslands to forests, with reductions appearing a few years after the land-use
change (Thuille & Schulze, 2006; Alberti et al., 2008). This trend is attributed to the higher
fine root biomass in natural grasslands compared to plantation sites (Guo et al., 2007), as fine
roots are a primary source of SOC (Carter & Gregorich, 2010; Babur et al., 2021b). In
contrast, bare lands experience substantial soil and organic carbon loss due to erosion and
topsoil displacement (Babur et al., 2016). To enhance OC stock in bare lands, urgent
measures such as grazing management, rehabilitation, or afforestation are necessary. In bare
lands, the absence of protective vegetation results in lower carbon inputs to the topsoil.
Additionally, erosion-induced organic matter loss further contributes to reduced SOC levels.

In our study, the correlation matrix indicated a negative relationship between SOC and BD,
with BD increasing as SOC decreased (Table 4). As SOC increased, BD decreased. This
inverse relationship occurs because SOC enhances soil porosity, thereby reducing bulk
density (Korkang, 2014). Korkang (2014) also stated that 1.58 g/cm3 BD, 1.49% organic
carbon, and accordingly 23.54 tC ha-1 carbon were stored in the topsoil layer (0-10cm) of 14-
year cedar afforestation areas. Additionally, Dindaroglu et al. (2024) reported that forested
areas exhibited the highest soil carbon stocks, reaching 101.56 tC ha™' in the top 30 cm of soil.
It has also been reported that maintenance work in afforestation areas significantly increases
the SOC stocks of soils by 7.2% (Gong et al., 2021).

CONCLUSION

This study concluded that land use and land cover changes in degraded lands may affect some
important soil properties. In particular, afforestation activities carried out in degraded lands
have shown that they positively affect the determined soil properties (SOC, TN, and bulk
density). In addition, it is predicted that soil quality may further increase with age in terms of
these properties. Afforestation activities to be planned using cedar saplings for afforestation of
high-altitude karst areas in the Northern Mediterranean will have a positive effect on soil
carbon sequestration and will help reduce the effects of global warming. As a result of
afforestation activities carried out in degraded lands of this semiarid Mediterranean coastline,
which is sensitive to the effects of climate change, soil organic carbon stocks have increased
significantly; This situation may be useful in determining which tree species to plant in the
future afforestation activities to combat the effects of global warming.
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ABSTRACT: This paper gives insights into the behavior of Cameraria ohridella
(Lepidoptera: Gracillariidae) at a regional scale on the basis of observations conducted in
Eskisehir, Turkiye, from 2023-2024. Horse-chestnut trees (Aesculus hippocastanum L.) were
randomly selected and the mined leaves were collected to determine the extent of the damage.
Among the inspected locations, the infestation was observed only on the trees in Eskisehir
Forest Nursery, while others were pest free. This could be due to (1) C. ohridella not having
had time to reach other regions, (2) the establishment of the pest being inhibited by various
biological and environmental factors, and (3) the role of leaf litter in the spread of C. ohridella
in these areas. The results emphasize the importance of removing fallen leaves as a control
measure to minimize the damage caused by C. ohridella. To the best of our knowledge, this is
the first record of C. ohridella in Anatolia.

Keywords: Leaf-miner moth, pest distribution, pest control, urban ecosystem, Anatolia

ESKISEHIR’'DE AT KESTANESI (desculus  hippocastanum  L.)
AGACLARINDA  BESLENEN  Cameraria  ohridella  (Lepidoptera:
Gracillariidae)’NIN HASARINA ILISKIN GOZLEMLER

OZET: Bu makale, 2023-2024 yillar1 arasinda Eskisehir, Tiirkiye'de yapilan gdzlemlere
dayanarak Cameraria ohridella’nin bolgesel 6lgekteki davranisina iliskin bilgiler vermektedir.
At kestanesi agaclar1 (desculus hippocastanum L.) rastgele secilmis ve zararin boyutunu
belirlemek icin galerili yapraklar toplanmustir. incelenen yerler arasinda, sadece Eskisehir
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Orman Fidanhigindaki agaclarda istila gozlenirken digerlerinde zararliya rastlanmamustir.
Bunun nedeni (1) C. ohridella'nin diger bolgelere heniiz ulasmamis olmasi, (2) zararlinin
yerlesmesinin ¢esitli biyolojik ve cevresel faktorler tarafindan engellenmesi ve (3) C.
ohridella'min yayillmasinda yaprak dokiintiisiiniin rolii olabilir. Sonuglar, C. ohridella
popiilasyonlarini yonetmek ve zarar1 en aza indirmek i¢in bir kontrol 6nlemi olarak yaprak
dokiintiilerinin  temizlenmesinin 6nemini vurgulamaktadir. Bilgilerimize gore, bu C.
ohridella’nin Anadolu’daki ilk kaydidir.

Anahtar Kelimeler: Yaprak galeri giivesi, zararli yayilisi, zararli kontrolii, kent ekosistemi,
Anadolu

INTRODUCTION

Some horse-chestnut trees (Aesculus hippocastanum L.), which have brown leaves and
premature defoliation, draw an autumnal picture much earlier than usual. This phenomenon
may be due to infestation by larvae of a tiny moth, the horse-chestnut leaf miner Cameraria
ohridella. C. ohridella is an invasive pest that was first recorded in Lake Ohrid, Macedonia, in
1985 and subsequently described as a new species (Deschka & Dimi¢, 1986). It has rapidly
spread and become a problem throughout Europe over the past 30 years. For example, because
of the damage the pest cause, Germany has ceased using horse-chestnut trees for ornamental
purposes (Reinhardt et al., 2003). DNA analyses indicate that the pest originates from the
Balkans (Valade et al., 2009). The pest was first recorded in Turkiye in 2004 in a recreational
forest called the Belgrad Forest in Istanbul (Cebeci & Sabiha, 2007). However, to date, there
is limited information on its distribution across Turkiye.

The species is host-specific and feeds mainly on Aesculus spp., most significantly white
flowering horse-chestnuts (Aesculus hippocastanum L.). The pest does not target sweet
chestnut (Castanea sativa) but has been observed in Acer and Fraxinus species (Kopacka &
Zemek, 2017). However, the larvae do not complete their life cycle because of saponins that
are present in the leaves of these species (Kopacka & Zemek, 2017). Saponins are the seconder
metabolite products which defense the plants against insects and microorganisms by inhibiting
larval development (Kiiciikkurt & Fidan, 2008). Once the eggs hatched, the larvae of C.
ohridella feed between the upper and lower epidermis of the leaves. The pest can cause
extensive damage by laying up to 70 eggs on horse-chestnut leaves, with multiple overlapping
generations possible in a year under favorable climatic conditions (Ivinskis & Rimsaite, 2006).
For instance, in mediterranean countries, the moth can have up to five generations but no more
than three generations in northern countries (Gilbert et al., 2005). Larvae undergo five
developmental stages and the pupae overwinter inside the fallen leaves (Krivosheina &
Ozerova, 2020).

Although C. ohridella does not cause mortality by damaging the leaves, it damages the
mechanism of photosynthesis, converting sunlight into sugar. This may affect the reproduction
of horse-chestnut trees and increase their susceptibility to other disturbances (Krivosheina &
Ozerova, 2020). Since horse-chestnut trees are used ornamentally in parks, gardens, and
roadsides in cities, the real impact of defoliation is mostly aesthetic. Summer browning and
premature leaf fall can cause public concern, as trees lose their majestic appearance and may
appear to be dying.
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There is no obvious solution for controlling C. ohridella. Control measures include chemical,
biological, and cultural approaches. Chemical application is not recommended because it may
harm pollinators and beneficial insects. The pest has natural enemies such as parasitoids and
entomopathogens; however, their incidence is low, and they are poorly synchronized with the
life cycle of the pest (Ivinskis & Rimsaite, 2006; Volter et al., 2022). Birds are more effective
than arthropods but can only consume pupae inside fallen leaves at the end of the season, which
is usually not enough to control the population of C. ohridella. While the cutting of infected
trees is the definitive solution, the best short-term approach is to remove and burn fallen leaves
at the end of the seasons (Pavan et al., 2003). This method kills pupae before they overwinter
and emerge as adults, causing more damage following year (Pavan et al., 2003). It is affordable
and feasible especially for small-scale managements. Long-term solution is to breed resistant
horse-chestnut trees (Gubka et al., 2024).

The aim of the present study is to provide information about the scope of damage at the regional
scale and the distribution of C. ohridella in Turkiye.

MATERIALS AND METHODS

This observational study was conducted in the years, 2023-2024, in Eskisehir (39° 45' 58.2948"
N, 30°31'36.1704" E), a city located in the Central Anatolia Region of Turkiye, where horse-
chestnut trees are commonly used in parks, gardens, and urban roadsides. Eskisehir has an arid
climate with dry summers and cold winters at an elevation of 800 m.

To assess the presence and the extent of the damage caused by C. ohridella, we carried out
field observations. For this reason, we visited parks, gardens, Eskisehir Forest Nursery and
urban roadsides of Eskisehir to look for main symptoms of the pest; browning and mined
leaves. The samples were collected from the places where the symptoms were observed, which
was only in the nursery. In the nursery, one group of horse-chestnut trees was mixed with scots
pine in a garden setting and others were on the roadside. From each of the two groups, ten
leaves from five trees were randomly collected approximately 2m in height. The leaves were
sealed in plastic bags and taken to the laboratory to obtain the adults for imaging. Since the
infestation is not severe and the larvae caused individual mines, we counted the mines on the
collected leaves to assess the extent of the damage.

RESULTS AND DISCUSSION
Identification of Cameraria ohridella

The inspections revealed that the damage on the leaves was caused by C. ohridella (Figure 1).
The leaves had mines with pupae inside and some had dead larvae in the mines. The pupae
were light brown in color and almost 4 mm long (Figure 1a). June, July and August generations
were recorded in 2024. The adults’ emergence was observed at the beginning of August. The
adult was brown in color with white stripes and was approximately 4 mm long (Figure 1d).
This is the first study that the invasive pest feeding on horse-chestnut trees was found inner
Anatolia in Turkiye.
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Figure 1. The pupae of Cameraria ohridella (A), emerging an immature adult of Cameraria
ohridella from the mine (B), the exit holes after the adults have emerged (C), and the adult of
Cameriaria ohridella (D).

Infestations Differ Locally

The level of the damage differed by location inspected. The number of mines on the leaves of
the horse-chestnut trees was higher in the nursery than other places. The damage did not occur
at the whole-tree level but occurred mostly in the lower branches of the trees. This could be
because C. ohridella has a low population density, which has not yet caused significant
damage.

The trees in the garden were more infested than the trees used for roadside greenery (Figure 2).
The average number of mines was almost ten times greater for the trees in the garden setting
than for those used as roadside planting (Figure 2). In the garden, the horse-chestnut trees were
planted close to each other and had leaf litter underneath, which was not observed for the trees
used for roadside planting. The better to clean leaf litter is the better to manage the pest because
leaf litter serves as a resource for the next generations of C. ohridella. The pupae overwinter
in the leaves from the previous year, leading to increased damage in the following season. For
example, research on the effectiveness of leaf removal under urban conditions revealed that the
complete removal of both dead litter and pupae resulted in a significant decrease in infestation;
however, the rate of the infestation increased significantly where dead litter remained (Pavan
et al., 2003). Thus, complete removal of litter before adult emergence is highly recommended,
marking it as the best practice (Krivosheina & Ozerova, 2020; Pavan et al., 2003).
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Figure 2. The number of mines caused by Cameraria ohridella on the leaves of horse-
chestnut trees used for garden and roadside planting in the nursery.

Although some studies indicate that C. ohridella damage is more severe in city centers where
trees are likely to be stressed but this was not the case in Eskisehir region. In gardens and parks
in downtown, the trees had no mined leaves but had rusty brown blotches bordered with a clear
yellow band, which is the symptoms of horse chestnut leaf blotch, a fungal disease caused by
Guignardia aesculi (Peck) V.B. Stewart (Botryosphaeriales: Botryosphaeriaceae). Although
the interaction between the pest and the fungus has not yet been fully understood, G. aesculi
could be the superior rival of C. ohridella (Kopacka et al., 2021). Thus, the establishment of
the pest might be hindered by a variety of biological and environmental factors.

Other possible explanations for the presence of the pest only in nursery is that (1) C. ohridella
might be initially established in the nursery and might not have had sufficient time to reach the
city center and (2) having an active train rail crossing in the nursery might contribute in the
spread of C. ohridella. 1t is the fact that the pest spreads by flight within cities but causes
damage over large areas through passive transportation (i.e., wind, cars, and trains) (Gilbert et
al., 2004). Indeed, initial observations of the pest were often made in areas such as vehicle
parking lots (Augustin et al., 2009).

The horse-chestnut seedlings distributed throughout the city have been produced from the seed
sources within the nursery. Given the widespread use of horse-chestnut trees in parks, gardens,
and forests, the pest is expected to spread further with horse-chestnut seedlings (Krivosheina
& Ozerova, 2020). Currently, no damage caused by C. ohridella was observed in the horse-
chestnut seedlings.

Changes in climate could also stress horse-chestnut trees, increasing their susceptibility to the
pest damage and reducing their ability to recover. Rising temperatures and changing
precipitation patterns may create more favorable conditions for the pest, enabling it to expand
its range and increase its population density, consequently the damage. As a result, regions
previously unaffected by the pest may become vulnerable, necessitating increased monitoring
and management efforts to mitigate its impact on urban and natural landscapes. For example,
in Lithuania, horse-chestnut leaf miners spread through 39 cities in only 4 years, and their
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habitat range is expected to expand in the future (Ivinskis & Rimsaite, 2006). The climate for
Eskisehir region was projected to be hotter and drier in 50 years by an approximately 2°C
increase in temperature (Basciftci et al., 2021). Therefore, understanding and addressing the
impacts of climate change on the distribution and behavior of C. ohridella is crucial for
developing effective management strategies to protect horse-chestnut trees in the future.

CONCLUSION

This study provides crucial insights into the presence and damage of Cameraria ohridella in
Eskisehir, Turkiye, marking the first record of this pest on the Anatolian side of the country.
The infestation was higher in the garden settings which has more leaf litter than in roadside
plantings, highlighting the role of leaf litter in sustaining C. ohridella populations. Effective
management practices, such as the removal and burning of fallen leaves, are essential for
controlling the spread and impact of this pest. Given the potential for further spread facilitated
by transportation and climatic conditions, ongoing monitoring and implementation of control
measures are necessary to protect horse-chestnut trees from significant aesthetic and
physiological damage. This study also emphasizes the need for more extensive research on the
distribution and impact of C. ohridella across Turkiye to develop comprehensive management
strategies. Further studies should focus on (1) extending the research to other regions of
Turkiye, (2) evaluating the effectiveness of different control measures under varying
conditions, (3) identifying fungal associations with the pest, and (4) investigating the impact
of climate change on the pest’s distribution and behavior.
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ABSTRACT: This study aims to contribute to the Coleoptera fauna of the central and district
areas of Kahramanmaras Province. Adult Coleoptera specimens collected between February
and October of 2004 were examined within the scope of this study. The specimens were
obtained by using the pitfall trap method. As a result of diagnostic studies, a total of 30 genera,
33 species, and 1 subspecies belonging to 10 families were obtained. These are; Buprestidae
(1), Cerambycidae (1), Cetoniidae (5), Chrysomelidae (4), Curculionidae (2), Elateridae (5),
Lucanidae (1), Scarabaeidae (9), Staphylinidae (2), and Tenebrionidae (4). The study includes
collection dates, coordinates, distribution data in Turkey and worldwide, and chorotype
information of the identified species.

Keywords: Coleoptera, insect fauna, Kahramanmaras

KAHRAMANMARAS ILI COLEOPTERA (INSECTA) FAUNASI
UZERINE ARASTIRMALAR

OZET: Bu ¢alismada Kahramanmaras il merkezi ve ilgelerinin Coleoptera faunasina katki
saglamak amaclanmistir. Calisma kapsaminda 2004 y1l1 Subat ve Ekim aylar1 arasinda toplanan
ergin Coleoptera &rnekleri incelenmistir. Ornekler cukur tuzak yontemi ile elde edilmistir.
Teshis calismalar1 sonucunda 10 familyaya ait toplam 30 cins, 33 tiir ve 1 alttiir elde edilmistir.
Bunlar; Buprestidae (1), Cerambycidae (1), Cetonidae (5), Chrysomelidae (4), Curculionidae
(2), Elateridae (5), Lucanidae (1), Scarabaeidae (9), Staphylinidae (2) ve Tenebrionidae (4).
Calismada, belirlenen tiirlerin toplanma tarihleri, koordinat bilgileri, Tiirkiye ve diinya
genelindeki yayilislar ile korotip bilgileri yer almaktadir.

Anahtar kelimeler: Coleoptera, bocek fauna, Kahramanmaras
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INTRODUCTION

The significant ecological importance of insects, stemming from their presence in nearly every
domain, primarily arises from the numerous roles they play in association with plants and fungi.
The most crucial of these roles include facilitating reproduction and decomposition, directly
consuming plant and fungal tissues as well as other consumers, among others. Indeed, insects
are an integral part of the food web in almost every non-marine habitat (McKenna & Farrell,
2009). The order Coleoptera has more than 400,000 known species worldwide and is classified
into four suborders (Evans, 2023). Although the classification of the Coleoptera order at the
family level varies, approximately 500 families and subfamilies have been identified.
Coleoptera species can thrive in nearly every environment, including freshwater areas, marine,
and tidal habitats. They are particularly prevalent in plant-based microhabitats such as leaves,
flowers, buds, roots, stems, and bark; in galls; in the living tissues of plants; or at all stages of
the decomposition of dead material (Gullan & Cranston, 2012).

The aim of this study is to contribute to the Coleoptera fauna of Kahramanmaras province.
Since Kahramanmaras province is located in the transition zone between the Mediterranean
climate and the continental climate, it has a rich diversity of fauna. Contributing to the
identification of this diversity is not only important for faunistic studies but also lays the
groundwork for future research.

MATERIAL AND METHOD

The material of this study consists of species belonging to the order Coleoptera. The study area
includes the city center of Kahramanmaras, its districts, and the villages associated with these
districts (Figure 1). The names, elevations, and coordinates of the sampling locations are
provided in Table 1.

T S

Figure 1. Sampling areas (Harita Genel Miidiirliigii, 2025).
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Table 1 . Data from the sampling areas.

Province Sampling Areas Elevations Coordinates
Kahramanmaras Onikisubat-Baskonus 1321 m 37°34'12" N; 36°34'58" E
Kahramanmaras Onikisubat-Baskonus 1312 m 37°33'54" N; 36°34'57" E
Kahramanmaras Onikisubat-Yavsan 1591 m 37°28'54" N; 37°16'51" E
Kahramanmarasg Goksun-Cardak 1365 m 38°03'02" N; 36°38'34" E
Kahramanmaras Goksun-Kireckoy 1334 m 38°59'48" N; 36°31'10" E
Kahramanmaras Goksun-Golpinar 1340 m 38°58'50" N; 36°30'07" E
Kahramanmaras Ekindzii-Akpiar 1380 m 38°05'32" N; 37°13'17" E
Kahramanmaras Pazarcik 792 m 37°28'53" N; 37°16'50" E
Kahramanmaras Onikisubat-Ungiit 673 m 37°36'07" N; 36°50'39" E
Kahramanmaras Afsin 1242 m 38°14'15" N; 36°5520" E
Kahramanmaras Tiirkoglu-Tigem 550 m 37°17'55" N; 36°47'59" E

The field studies were conducted between February and October 2004. The
Coleopteraspecimens were collected from the field using the pitfall trap method. The traps were
placed at regular intervals in the sampling areas and filled with 25% ethylene glycol.
Depending on the accessibility of the area and weather conditions, the traps were checked
weekly or biweekly, and the collected insects were retrieved. Additional liquid was added to
containers where the fluid had decreased. The collected specimens were preserved in glass jars
containing 70% ethanol, labeled with relevant information.

The Coleopteraspecimens were prepared using specialized insect pins and examined with using
sterezoommicroscope for identification. To identify species-level diagnoses, the studies by
Giilpergin (2006), Caglar (2009), Senyiiz (2009), Kabalak (2010), Coskun (2012), and Polat
(2016) were utilized. In addition, the identification process was completed by comparing the
samples with previously identified specimens located in the Entomology Laboratory of the
Faculty of Forestry at Kahramanmaras Siitcii imam University. The study provides information
on the locality data of the collected species, their distribution in Turkey and globally, as well
as their chorotype information.

RESULTS
Family: Buprestidae
Julodis andreae Olivier, 1790
Material examined: Kahramanmaras: Baskonus, 1321 m, 37°34'12" N; 36°34'58" E,
25.VI1.2004 (1 sample), Goksun-Cardak, 1365 m, 38°03'02" N; 36°38'34" E, 11.VI1.2004 (2

sample), 06.VII1.2004 (1 sample).

Turkish records: Ankara, Kahramanmaras, Kilis, Mersin, Nigde, Van (Obenberger, 1953,
transmitting Caglar, 2009; Bahadiroglu et al., 2007; Caglar, 2009; Kemal & Kogak, 2014).

Distribution: Iraq, Azerbaijan, [ran, Armenia, Tiirkiye, Syria(Lobl & Smetana, 2007).
Chorotype: Turan — East Mediterranean (Vigna-Taglianti et al., 1999).

Family: Cerambycidae
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Cerambyx welensii (Kiister, 1846)

Material examined: Kahramanmaras: Baskonus, 1312 m, 37°33'54" N; 36°34'57" E,
18.1V.2004 (1 sample), Baskonus, 1321 m, 37°34'12" N; 36°34'58" E, 27.VI1.2004 (1 sample).

Turkish records: Antalya, Adana, Mugla, Afyonkarahisar, Bursa, Balikesir, Konya, Burdur,
Denizli, Nigde, Giresun, Isparta, Adiyaman, Istanbul, Sinop, Izmir, Kahramanmaras, Karaman,
Manisa, Mersin, Osmaniye, Sakarya, Sivas (Lodos, 1998; Rejzek & Hoskovec, 1999; Tozlu et
al., 2002; Ozdikmen & Caglar, 2004; Ozdikmen & Demir, 2006; Turgut & Ozdikmen, 2010;
Ozdikmen et al., 2010; Sama et al., 2012; Ozbek, 2017; Abacigil et al., 2019; Varli et al., 2019;
Balbakan et al., 2019; Ozdikmen & Tezcan, 2020; Ozdikmen & Kocak, 2022; Laz &
Ozdikmen, 2022).

Distribution: Croatia, Bosnia and Herzegovina, Crete, Spain, Bulgaria, France, Sicily, Italy,
the Caucasus, Tiirkiye, Lebanon, Syria, Hungary, Ukraine, Malta, Greece, Romania, Iran,
Serbia, Slovenia, Jordan (Turgut-Haliloglu, 2009).

Chorotype: South Europe (Ozdikmen &Turgut, 2009).
Family: Cetoniidae
Cetonia aurata (Linne, 1761)

Material examined: Kahramanmaras: Baskonus, 1312 m, 37°33'54" N; 36°34'57" E,
10.VIL.2004 (2 sample), Bagskonus, 1321 m, 37°34'12" N; 36°34'58" E, 27.VI1.2004 (1 sample),
Goksun-Kireckdy, 1334 m, 38°59'48" N; 36°31'10" E, 19.V1.2004 (1 sample).

Turkish records: Gaziantep, Kiitahya, Adana, Bartin, Kgraman, Mugla, Bolu,
Kahramanmaras, Sinop (Lodos et al., 1999; Senyiiz & Sahin, 2009; Oztiirk & Kalkar, 2011).

Distribution: Austria, Belarus, Estonia, Spain, Bosnia and Herzegovina, Great Britain,
Denmark, Yugoslavia, Finland, Switzerland, Czech Republic, Croatia, France, Iran,
Kazakhstan, Germany, Kyrgyzstan, Belgium, Latvia, Ukraine, Liechtenstein, Albania,
Lithuania, Luxembourg, Macedonia, Bulgaria, Norway, Ireland, Uzbekistan, Hungary, Poland,
Mongolia, Romania, Italy, Russia, Slovakia, Slovenia, Sweden, Tiirkiye, Greece (Lobl &
Smetana 2006).

Chorotype: Asia—Europe (Carpaneto et al., 2000).
Oxythyrea cinctella (Schaum, 1841)

Material examined: Kahramanmaras: Tiirkoglu-Tigem, 550 m, 37°17'55" N; 36°47'59" E,
22.1V.2004 (2 sample), Goksun-Cardak, 1365 m, 38°03'02" N; 36°38'34" E, 06.VII1.2004 (1
sample), Afsin, 1242 m, 38°14'15" N; 36°55'20" E, 09.1V.2004 (1 sample), 11.VIL.2004 (1
sample).

Turkish records: Adiyaman, Erzurum, Aksargy, Balikesir, Igdir, Bilecik, Kayseri, Bolu,
Antalya, Burdur, Sakarya, Bursa, Kastamonu, Izmir, Canakkale, Amasya, Corum, Denizli,
Mardin, Diyarbakir, Mugla, Elaz1g, Afyonkarahisar, Sanliurfa, Erzincan, Adana, Eskisehir,
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Gaziantep, Malatya, Hatay, Isparta, Istanbul, Kahramanmaras, Ankara, Karaman, Artvin,
Bingodl, Karabiik, Kars, Bartin, Kirikkale, Kirsehir, Kirklareli, Kilis,Aydin, Konya,Bitlis,
Kiitahya, Tunceli, Manisa, Mersin, Usak, Mus,Tekirdag, Nevsehir, Nigde, Osmaniye, Rize,
Samsun, Van (Lodos et al., 1978; Lodos et al., 1999; Akdogan, 2006; Senyliz & Sahin, 2009;
Coskun, 2012; Polat et al., 2017; Laz & Avgin, 2017).

Distribution: Albania, Cyprus, Bulgaria, Georgia, Iraq, Tajikistan, Israel, Tiirkiye,
Afghanistan, Iran, Kyrgyzstan, Jordan, Lebanon, Azerbaijan, Hungary, Macedonia,
Uzbekistan, Pakistan, Kazakhstan, China, Russia, Syria, Turkmenistan, Armenia, Yugoslavia,
Greece (Lobl & Smetana, 20006).

Chorotype: Turan — Mediterranean (Carpaneto et al., 2000).
Protaetia (Netocia) vidua (Gory & Percheron, 1833)

Material examined: Kahramanmaras: Goksun-Kiregkdy, 1334 m, 38°59'48" N; 36°31'10" E,
13.1X.2004 (1 sample).

Turkish records: Denizli, izmir, Canakkale, Osmaniye, Eskisehir, Isparta, Kahramanmaras,
Balikesir, Erzurum, Kirklareli, Igdir, Kiitahya, Bing6l, Mus, Burdur, Tunceli (Rozner &
Rozner, 2009; Ozgen et al., 2014; Polat et al., 2017; Mercan et al., 2024).

Distribution: Azerbaijan, Tiirkiye, Armenia, Israel, Romania, Lebanon, Syria, Macedonia,
Iran, Egypt, Bulgaria, Jordan, Georgia, Greece (Lobl & Smetana, 2006).

Chorotype: East Mediterranean (Carpaneto et al., 2000).
Tropinota (Epicometis) hirta (Poda, 1761)

Material examined: Kahramanmaras: Ekinozii-Akpinar, 1380 m, 38°05'32" N; 37°13'17" E,
11.VIL.2004 (1 sample), Ekindzii-Akpinar, 1380 m, 38°05'32" N; 37°13'17" E, 12.1X.2004 (1
sample), Merkez-Ungiit, 673 m, 37°36'07" N; 36°50'39" E, 21.1V.2004 (1 sample), Tiirkoglu-
Tigem, 550 m, 37°17'55" N; 36°47'59" E, 31.V1.2004 (1 sample).

Turkish records: Afyonkarahisar, Kirikkale, Antalya, Osmaniye, Bilecik,Mugla, Burdur,
Canakkale, Kirsehir, Cankiri Kiitahya, Corum, Kilis, Denizli, Edirne, Gaziantep, Hatay,
Tekirdag, Isparta, Izmir, Kahramanmaras, Sakarya, Karaman, Adana, Karabiik, Balikesir,
Kastamonu, Ankara, Kayseri, Bolu, Kirklareli, Aydin, Konya, Manisa, Bursa, Mersin, Nigde,
Usak (Lodos et al., 1978; Lodos et al., 1999; Senyiiz & Sahin, 2009).

Distribution: Austria, Spain, Belarus, Malta, Bosnia and Herzegovina, Slovakia, Estonia,
Hungary, France, Poland, Georgia, Belgium, Croatia, Switzerland, Romania, Italy, Albania,
Kazakhstan, Ukraine, Latvia, Germany, Lithuania, Russia, Luxembourg, Andorra, Macedonia,
Portugal, Slovenia, Bulgaria, Tiirkiye, Czech Republic, Yugoslavia, Greece (Lobl & Smetana,
20006).

Chorotype: Europe-Mediterranean (Carpaneto et al., 2000).

Valgus hemipterus (Linnaeus, 1758)

100



Mercan Sadikoglu, E. / Turkish Journal of Forest Science 9(1) 2025: 96-121

Material examined: Kahramanmaras: Goksun-Cardak, 1365 m, 38°03'02" N; 36°38'34" E,
13.1X.2004 (1 sample), Tirkoglu-Tigem, 550 m, 37°17'55" N; 36°47'59" E, 01.V1.2004 (1
sample).

Turkish records: izmir, Edirne, Bilecik, Nevsehir, Erzurum, Istanbul, Kirklareli, Manisa,
Burdur, Mugla, Isparta, Ordu, Canakkale, Sakarya, Kahramanmarag, Tekirdag (Lodos et al.,
1978; Bahadiroglu et al., 2007; Rozner & Rozner, 2009; Polat et al., 2017).

Distribution: Finland, Austria, France, Georgia, Portugal, Belarus, Slovakia, Belgium,
Lithuania, Algeria, Sicily, Czech Republic, Cyprus, Denmark, Tiirkiye, Armenia, Russia,
Ukraine, Morocco, Crete, Croatia, Slovenia, Germany, England, Albania, Italy, Kyrgyzstan,
Romania, Corsica, Latvia, Bosnia and Herzegovina, Luxembourg, Hungary, Macedonia,
Estonia, Uzbekistan, China, Poland, Sardinia, Spain, Netherlands, Sweden, Kazakhstan,
Switzerland, Tajikistan, Bulgaria, Tunisia, Iran, Yugoslavia (Lobl & Lobl, 2016).

Chorotype: Europe-Mediterranean-Turan (Carpaneto et al., 2000).
Family: Chrysomelidae
Chrysolina herbacea (Duftschmid, 1825)

Material examined: Kahramanmaras: Baskonus, 1312 m, 37°33'54" N; 36°34'57" E,
05.IX.2004 (1 sample).

Turkish records: Antalya, Erzurum, Kastamonu, Sinop, Bilecik, Kirgehir, Mersin, Bursa,
Denizli, Samsun, Diyarbakir, Mus, Diizce, Edirne, Aksaray, Eskisehir, Nevsehir, Erzincan,
Istanbul, Trabzon, izmir, Yozgat, Isparta, Kahramanmaras, Kirklareli, Bolu, Kayseri, Tokat,
Bartin, Kocaeli, Canakkale, Konya, Manisa, Nigde, Ordu, Kars, Artvin, Osmaniye, Sivas,
Zonguldak (Aslan & Ozbek, 1999; Cam & Atay, 2004; Ozdikmen, 2011 ; Ekiz et al., 2013;
Ozdikmen et al., 2021).

Distribution: Kazakhstan, Central Asia, Anatolia, Western Siberia, the Caucasus, Northern
Iran, Northern India, along with the European countries located between the 55th parallels
(Gruev & Tomov, 1998; Gruev & Tomov, 2007).

Chorotype: Turan — Mediterranean (Arslan, 2008).
Chrysolina orientalis (Olivier, 1807)

Material examined: Kahramanmgras: Tirkoglu-Tigem, 550 m, 37°17'55" N; 36°47'59" E,
31.VL.2004 (1 sample), Merkez-Ungiit, 673 m, 37°36'07" N; 36°50'39" E, 21.1V.2004 (1
sample).

Turkish records: Afyonkarahisar, Kastamonu, Bilecik, Sivas, Yozgat, Cankiri, Aydin,
Diyarbakir, Samsun, Elazig, Konya, Eskisehir, Nigde, Erzurum, Hatay, Tokat, Ankara, Isparta,
Istanbul, Izmir, Kahramanmaras, Karabiik, Kayseri, Adana, Kiitahya, Mersin, Amasya,
Nevsehir, Ordu, Bursa,Osmaniye, Siirt, Sinop, Bolu, Van, Zonguldak (Atay & Cam, 2006;
Ozdikmen & Aslan, 2009; Ozdikmen, 2011; Ekiz et al., 2013; Bal et al., 2018; Aslan et al.,
2020; Ozdikmen & Coral- Sahin, 2021).
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Distribution: Israel, Lebanon, Tiirkiye, Greece (Borowiec, 2006).
Chorotype: Mediterranean (Arslan, 2008).
Clytra laeviuscula Ratzeburg, 1837

Material examined: Kahramanmaras: Goksun-Cardak, 1365 m, 38°03'02" N; 36°38'34" E,
11.VIL.2004 (1 sample), 13.1X.2004 (1 sample), Pazarcik, 792 m, 37°28'53" N; 37°16'50" E,
11.VII1.2004 (1 sample).

Turkish records: Konya, Ankara, Denizli, Erzurum, Kahramanmaras, Afyonkarahisar,
Karabiik, Erzincan, Kastamonu, Isparta, Kayseri, Izmir, Cankir;, Sakarya (Aslan & Ozbek,
1999; Gok, 2003; Ozdikmen et al., 2010; Ozdikmen, 2011; Ekiz et al., 2013; Ozdikmen &
Mercan, 2014).

Distribution: Germany, Slovenia, Portugal, Azerbaijan, Moldova, Western Siberia, Italy,
Belgium, Bulgaria, Russia, Tajikistan, Czech Republic, Armenia, Croatia, England, Spain,
Ukraine, France, Slovakia, Montenegro, Tiirkiye, Kazakhstan, Kyrgyzstan, Hungary,
Afghanistan, Macedonia, Austria, Poland, Romania, Central and Northern European parts of
Russia, Xinjiang, Albania, Serbia, Greece (Ozdikmen & Mercan, 2014).

Chorotype: Central Asia - Europe (Ozdikmen & Mercan, 2014).
Oulema melanopus Linnaeus, 1758

Material examined: Kahramanmaras: Yavsan, 1591 m, 37°28'54" N; 37°16'51" E, 31.111.2004
(2 sample).

Turkish records: Kiitahya, Adana, Erzurum, Osmaniye, Kahramanmarag, Afyonkarahisar,
Manisa, Kars, Aydin, Eskisehir, Kirikkale, Antalya, Gaziantep, Ardahan, Ankara, Canakkale,
Izmir, Kirklareli, Cankir1, Corum, Diyarbakir, Erzincan, Hatay, Igdir, icel, Karabiik, Karaman,
Aksaray, Siirt, Kayseri, Kastamonu, Edirne, Konya, Mugla, Samsun, Tekirdag (Ozdikmen &
Turgut, 2008; Maican & Serafim, 2009; Ozdikmen, 2011; Ozdikmen et al., 2012; Ekiz et al.,
2013; Ozdikmen & Ozbek, 2014; Bal et al., 2018, Coral-Sahin, 2020).

Distribution: Germany, Cyprus, Russia, Azerbaijan, Western Siberia, Belgium, Bosnia and
Herzegovina, Kyrgyzstan, Norway, Bulgaria, Mongolia, China, Denmark, Israel, Slovakia,
Eastern Siberia, Luxembourg, Hungary, Estonia, Armenia, Morocco, Afghanistan,
Switzerland, Malta, Belarus, Finland, France, Georgia, Netherlands, England, Iraq, Austria,
Iran, Sweden, Italy, Albania, Ireland, Moldova, Canary Islands, Liechtenstein, Lithuania,
Algeria, Slovenia, Macedonia, Poland, Portugal, Croatia, Romania, Serbia, Tajikistan, Tiirkiye,
Jordan, Ukraine, Greece (Ozdikmen & Turgut, 2008; Maican & Serafim, 2009; Ozdikmen &
Ozbek, 2014).

Chorotype: Holoarctic (Ozdikmen & Ozbek, 2014).
Family: Curculionidae

Coniocleonus nigrosuturatus (Goeze,1777)
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Material examined: Kahramanmaras: Pazarcik, 792 m, 37°28'53" N; 37°16'50" E,
01.VIIL.2004 (1 sample), Ekindzii-Akpinar, 1380 m, 38°05'32" N; 37°13'17" E, 12.1X.2004 (1
sample).

Turkish records: Mersin, Gaziantep, Konya, Adana, . Aydin, Nigde, Corum, Hatay,
Diyarbakir, Kahramanmaras, Ankara, Nevsehir, Antalya, Izmir, Sinop (Lodos et al., 2003;
Pehlivan et al., 2005; Erbey, 2010; Bolu, 2016).

Distribution: Belgium, Moldova, Ukraine, Bulgaria, Czech Republic, Uzbekistan, France,
Italy, Poland, Crimea, Tiirkiye, Croatia, India, Spain, the Caucasus and Transcaucasia, Cyprus,
Morocco, Austria, Hungary, Egypt, Portugal, the southern part of European Russia,
Turkmenistan, Greece (Ghahari et al., 2010; Erbey, 2010).

Chorotype: Palearctic (Vigna-Taglianti et al., 1999).

Larinus rudicollis Petri, 1907

Material examined: Kahramanmaras: Gt')ksun-Gélplnag, 1340 m, 38°58'50" N; 36°30'07" E,
12.1X.2004 (1 sample), 02.VI.2004 (1 sample), Merkez-Ungiit, 673 m, 37°36'07" N; 36°50'39"
E, 27.11.2004 (1 sample).

Turkish records: Adiyaman, Mus, Icel, Antalya, Bingol, Bitlis, Osmaniye, Van, Erzincan,
Gaziantep, Hatay, Kahramanmaras, Adana, Bayburt, Kilis, Elaz1g, Malatya (Lodos et al., 2003;
Pehlivan et al., 2005; Giiltekin, 2008; Bolu, 2016).

Distribution: Bulgaria, Algeria, Palestine, Iran, Spain, the Caucasus, Kazakhstan, North
Africa, Libya, Lebanon, the Middle East, Siberia, Syria, Tiirkiye, Jordan, Greece(Ghahari et
al., 2010; Talamelli, 2014; Ghahari & Legalov, 2015; Szenas1 et al., 2019).

Chorotype: Palearctic (Vigna-Taglianti et al., 1999).

Family: Elateridae

Calais parreyssi (Steven, 1830)

Material Examined: Kahramanmaras: Merkez-Ungiit, 673 m, 37°36'07" N; 36°50'39" E,
11.VIL.2004 (1 sample).

Turkish records: Adana, Antalya, Balikesir, Bursa, Isparta, Icel, Izmir, Karaman,
Kahramanmaras, Sinop (Guglielmi & Platia, 1985; Lodos,1998; Giilper¢in, 2006; Kesdek et
al., 2006; Giilper¢in & Tezcan, 2009; Caglar, 2009; Gomlek, 2018; Akcay & Yalgin, 2019).
Distribution: Cyprus, Syria, Tiirkiye, Ukraine, Greece (Preiss & Platia, 2003).

Chorotype: Europe-Mediterranean (Vigna-Taglianti et al., 1999).

Cardiophorus impressiventris Schwarz, 1900
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Material examined: Kahramanmaras: Merkez—Ungl'it, 673 m, 37°36'07" N; 36°50'39" E,
21.IV.2004 (1 sample).

Turkish records: Kahramanmaras, Osmaniye, Kayseri, Adana, Antalya, Karaman, Mersin,
Nigde, Gaziantep (Platia & Gudenzi, 2002; Kabalak & Sert, 2011; Giilpercin et al., 2018).

Distribution: Tiirkiye, Iran (Cate, 2007; Mertlik & Platia, 2008; Platia & Ghahari, 2016).
Chorotype: East Mediterranean-Southwest Asiatic (Vigna-Taglianti et al., 1999).
Cardiophorus megathorax Faldermann, 1835

Material examined: Kahramanmaras: Goksun-Cardak, 1365 m, 38°03'02" N; 36°38'34" E,
06.VIIL.2004 (2 sample), Tiirkoglu-Tigem, 550 m, 37°17'55" N; 36°47'59" E, 22.1V.2004 (1
sample), Tiirkoglu-Tigem, 550 m, 37°17'55" N; 36°47'59" E, 27.V1.2004 (1 sample).

Turkish records: Kayseri, Adiyaman, Nevsehir, Artvin, Balikesir, Konya, Erzurum, Corum,
Denizli, Eskisehir, Hatay, Karaman, Erzincan, Sanlwrfa, Aksaray, Sivas, Mugla, Gaziantep,
Bilecik, Antalya, Kahramanmaras, Usak, Yozgat (Platia & Gudenzi, 2002; Kesdek et al., 2006;
Giilperc¢in & Tezcan, 2009; Kabalak, 2010; Giilper¢in et al., 2018).

Distribution: Georgia, Tiirkiye, Azerbaijan, Israel, Jordan, Armenia, Syria, Iran, Lebanon,
Samos Island (Greece)(Cate, 2007; Mertlik & Platia, 2008).

Chorotype: West Europe — Middle East (Sert & Kabalak, 2011).
Drasterius bimaculatus (Rossi, 1790)

Material examined: Kahramanmaras: Goksun-Kire¢kdy, 1334 m, 38°59'48" N; 36°31'10" E,
11.VIL.2004 (1 sample), Afsin, 1242 m, 38°14'15" N; 36°55'20" E, 18.V1.2004 (1 sample).

Turkish records: Adiyaman, Malatya, Sivas, Trabzon, Amasya, Balikesir, Mardin, Igdur,
Nigde, Bartin, Kirikkale, Sanlurfa, Usak, Burdur, Diyarbakir, Yozgat, Eskisehir, Ankara,
Kilis, Erzurum, Gaziantep, Hatay, Isparta, Izmir, Adana, Samsun, Edirne, Istanbul,
Kahramanmaras, Bursa, Antalya, Karaman, Diizce, Kastamonu, Kirklareli, Aydin, Sakarya,
Kirsehir, Manisa, Mersin, Cankiri, Bolu, Mugla, Nevsehir, Yalova, Artvin, Kayseri, Zonguldak
(Guglielmi & Platia, 1985; Kesdek et al., 2006; Giilper¢in & Tezcan, 2009; Caglar, 2009;
Giilpergin & Tezcan, 2010; Kabalak, 2010; Dikmen & Ozulug, 2018; Giilpergin & Tezcan,
2022).

Distribution: Germany, Libya, Poland, Albania, Slovenia, Tunisia, Austria, Belgium, Israel,
Egypt, Ukraine, Kazakhstan, Malta, Cyprus, Spain, Bosnia and Herzegovina, France, Algeria,
Moldova, Armenia, Jordan, Morocco, Tiirkiye, Georgia, Iran, Switzerland, Afghanistan,
Romania, Czech Republic, Italy, Syria, Canary Islands (Lanzarote), Kyrgyzstan, Hungary,
Azerbaijan, Croatia, Macedonia, Bulgaria, Uzbekistan, Portugal, Iraq, Russia (Central
European Region, Southern European Region), Slovakia, Turkmenistan, Yugoslavia
(Montenegro, Kosovo, Serbia), Greece (Cate, 2007, transmitting Kabalak, 2010; Mertlik &
Platia, 2008).
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Chorotype: West Palearctic — Central Asia (Sert & Kabalak, 2011).
Melanotus fusciceps Gyllenhal, 1817

Material examined: Kahramanmaras: Yavsan, 1591 m, 37°28'54" N; 37°16'51" E,
20.VIIL.2004 (1 sample), Merkez-Ungiit, 673 m, 37°36'07" N; 36°50'39" E, 05.1V.2004 (1
sample).

Turkish records: Adiyaman, Kiitahya, Artvin, Elazig, Gaziantep, Mersin, Canakkale,
Osmaniye, Malatya, Cankir1, Diyarbakir, Erzincan, Sivas, Tokat, Erzurum, Isparta, Eskisehir,
Antalya, Hatay, Izmir, Kahramanmaras, Kayseri, Adana, Yalova, Mardin, Mugla, Mus, Nigde,
Ankara, Usak, Sanlwurfa, Denizli, Izmit, Aydmn, Kars, Yozgat (Guglielmi & Platia, 1985;
Kesdek et al., 2006; Giilper¢in, 2006; Giilper¢in & Tezcan, 2009; Kabalak, 2010; Giilpercin
& Tezcan, 2012; Kabalak & Sert, 2013).

Distribution: Cyprus, Macedonia, Tiirkiye, Lebanon, Azerbaijan, Georgia, Croatia, Iraq,
Ukraine, Israel, Kazakhstan, Moldova, Azores, Romania, Armenia, Russia, Bulgaria, Iran,
Syria (Pedroni & Platia, 2010).

Chorotype: Turan — Europe — Mediterranean (Pedroni & Platia, 2010).
Family: Lucanidae
Dorcus parallelipipedus (Linnaeus, 1785)

Material examined: Kahramanmaras: Yavsan, 1591 m, 37°28'54" N; 37°16'51" E, 31.111.2004
(1 sample), Baskonus, 1312 m, 37°33'54" N; 36°34'57" E, 10.VIL.2004 (1 sample), Baskonus,
1321 m, 37°34'12" N; 36°34'58" E, 14.V.2004 (1 sample).

Turkish records: Konya, Mersin, Adana, Hatay, Rize, Manisa, Antalya, Artvin, Mardin,
Bingdl, Mugla, Samsun, Bolu, istanbul, Burdur, Giresun, Hakkari, Isparta, Kahramanmaras,
Trabzon (Sabatinelli, 1977; Lodos, 1995; Tezcan & Pehlivan, 2001; Akinci, 2004; Jansson &
Coskun, 2008; Rozner & Rozner, 2009; Giirkan, 2011; Bartolozzi et al., 2016; Gomlek, 2018;
Polat & Yildirim, 2019).

Distribution: Albania, Italy, Corsica, Morocco, Macedonia, Liechtenstein, Romania,
Azerbaijan, Georgia, Austria, Luxembourg, Belarus, Lithuania, Syria, Belgium, Great Britain,
Tiirkiye, Denmark, Estonia, France, Slovakia, Poland, Croatia, Iran, Sweden, Bulgaria,
Portugal, Switzerland, Germany, Czech Republic, Israel, Kazakhstan, Latvia, Hungary, Spain,
Russia (Western Siberia), Russia (Central European Territories, Northern European Territories,
Southern European Territories), Slovenia, Ukraine (Lobl & Lobl, 2016).

Chorotype: Europe — Asia (Vigna-Taglianti et al., 1999).

Family: Scarabaeidae

Anoxia orientalis (Krynicki, 1832)
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Material examined: Kahramanmaras: Yavsan, 1591 m, 37°28'54" N; 37°16'51" E,
20.VII1.2004 (1 sample), Ekindzii-Akpinar, 1380 m, 38°05'32" N; 37°13'17" E, 09.1V.2004 (1
sample).

Turkish records: Samsun, Hatay, Adiyaman, Erzincan, Antalya, Bursa, Kocaeli, Gaziantep,
Izmit, Corum, Sinop, Kahramanmaras, Sakarya, Adana, Kayseri, Osmaniye, Kiitahya, Mersin,
Bayburt, Ankara, Nigde, Kastamonu, Trakya (Lodos, 1995; Ulusoy et al., 1999; Rozner &
Rozner, 2009; Rezaei, 2015; Polat et al., 2018).

Distribution: Azerbaijan, Russia, Bosnia and Herzegovina, Slovenia, Armenia, Switzerland,
France, Tiirkiye, Georgia, Romania, Croatia, Italy, Macedonia, Albania, Israel, Cyprus,
Austria, Lebanon, Bulgaria, Hungary, Syria, Iran, Turkmenistan, Greece, Yugoslavia (Lobl &
Smetana, 2006).

Chorotype: Europe — Mediterranean (Carpaneto et al., 2000).
Copris hispanus cavolinii (Petagna, 1792)

Material examined: Kahramanmaras: Baskonus, 1312 m, 37°33'54" N; 36°34'57" E,
29.V1.2004 (2 sample).

Turkish records: Gaziantep, Osmaniye, Adana, Kayseri, Mersin, Izmir, Adiyaman, Kirikkale,
Ankara, Kirsehir, Antalya, Usak, Bitlis, Nigde, Bursa, Corum, Diyarbakir, Eskisehir, Hatay,
Isparta, Kahramanmaras, Afyonkarahisar, Kastamonu, Mugla, Sivas, Van (Lodos et al., 1999;
Rozner & Rozner., 2009; Coskun, 2012; Senyiiz et al., 2016).

Distribution: Russia, Italy, Mediterranean Islands, Egypt, Spain, Pakistan, Morocco, France,
Tunisia, Libya, Afghanistan, Iran, Cyprus, Portugal, Algeria, Tiirkiye(Lobl & Smetana, 2006).

Chorotype: Asia — Europe (Carpaneto et al., 2000).
Gymnopleurus geoffroyi (Fuessly, 1775)

Material examined: Kahramanmaras: Goksun-Kireckdy, 1334 m, 38°59'48" N; 36°31'10" E,
19.V1.2004 (2 sample), Afsin, 1242 m, 38°14'15" N; 36°5520" E, 11.V.2004 (1 sample),
Merkez-Ungiit, 673 m, 37°36'07" N; 36°50'39" E, 11.VI1.2004 (1 sample).

Turkish records: izmir, Giresun, Hatay, Eskisehir, Adiyaman, Usak, Kahramanmaras,
Afyonkarahisar, Ordu, Bursa, Kayseri, Sinop, Amasya, Canakkale, Tokat, Ankara, Mugla,
Siirt, Isparta, Kirsehir, Mersin, Antalya, Kocaeli, Balikesir, Kastamonu, Bilecik, Hakkari,
Bitlis, Kiitahya, Bolu, Adana, Corum, Denizli, Gaziantep, Karabilik, Manisa, Edirne,
Osmaniye, Tekirdag, Van, Diyarbakir, Kirklareli, Burdur, Zonguldak (Kirgiz, 1982; Lodos et
al., 1999; Rozner & Rozner, 2009; Anlas et al., 2011; Coskun, 2012; Sahiner, 2013; Senyliz et
al., 2013; Giilmez et al., 2019).

Distribution: Albania, Italy, Poland, Cyprus, Egypt, Ukraine, Austria, Kuwait, Macedonia,
Russia, Switzerland, Slovakia, Bosnia and Herzegovina, Armenia, Montenegro, Bulgaria,
Croatia, Czech Republic, France, Israel, Hungary, Germany, Moldova, Romania, Serbia,
Tiirkiye, Algeria, Greece(Lobl & Smetana, 2006).
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Chorotype: Europe — Mediterranean (Vigna-Taglianti et al., 1999).
Onthophagus illyricus (Scopoli, 1763)

Material examined: Kahramanmaras: Goksun-Cardak, 1365 m, 38°03'02" N; 36°38'34" E,
11.VIL.2004 (1 sample), Afsin, 1242 m, 38°14'15" N; 36°5520" E, 18.V1.2004 (1 sample),
Yavsan, 1591 m, 37°28'54" N; 37°16'51" E, 07.VIL.2004 (2 sample).

Turkish records: Antalya, Osmaniye, Kiitahya, Bartin, Kirsehir, Hakkari, Nigde, Isparta,
Kahramanmaras, Aydin, Konya, Eskisehir, Manisa, Gaziantep, Mugla, Adana, Usak, Kayseri,
(Canakkale, Hatay, Kastamonu, Mersin, Karaman, Zonguldak (Pehlivan, 1989; Lodos et al.,
1999; Bellmann, 2007; Rozner & Rozner, 2009; Anlas et al., 2011; Senyiiz & Sahin, 2013;
Kiiciikkayki et al., 2013; Atas, 2019).

Distribution: Germany, Italy, Moldova, Romania, Austria, Slovakia, Ukraine, Portugal,
Belarus, Slovenia, Luxembourg, Poland, Montenegro, Switzerland, Bosnia and Herzegovina,
Syria, Macedonia, Lebanon, Israel, Serbia, Czech Republic, Armenia, Iraq, Afghanistan,
Georgia, Croatia, Iran, France, Sweden, Kazakhstan, Albania, Cyprus, Azores, Hungary,
Belgium, Russia, Tiirkiye, Spain, Greece (Lobl & Lobl, 2016).

Chorotype: Turan — Europe (Carpaneto et al., 2000).
Onthophagus (Palaeonthophagus) opacicollis Reitter, 1893

Material examined: Kahramanmaras: Yavsan, 1591 m, 37°28'54" N; 37°16'51" E, 31.111.2004
(1 sample), Pazarcik, 792 m, 37°28'53" N; 37°16'50" E, 11.VII1.2004 (1 sample), Goksun-
Golpmar, 1340 m, 38°58'50" N; 36°30'07" E, 18.V1.2004 (2 sample).

Turkish records: Antalya, Eskisehir, Hatay, Kiitahya, Ordu, Manisa, Balikesir, Nigde, Bolu,
Canakkale, Gaziantep, Samsun, Kahramanmaras, Adana, Mersin, Tokat (Lodos et al., 1999;
Rozner & Rozner, 2009; Anlas et al., 2011; Senyiiz & Sahin, 2013; Senyiiz et al., 2013;
Sullivan et al., 2016; Atas, 2019).

Distribution: Algeria, Macedonia, Tunisia, Italy, Bulgaria, Cyprus, Morocco, Israel, Syria,
Tiirkiye, France, Croatia, Spain, Slovakia, Switzerland, Hungary, Albania, Portugal, Bosnia
and Herzegovina, Greece (L6bl & Smetana, 2006).
Chorotype: Mediterrenian (Carpaneto et al., 2000).

Oryctes nasicornis (Linnaeus, 1758)

Material examined: Kahramanmaras: Baskonus, 1312 m, 37°33'54" N; 36°34'57" E,
18.1V.2004 (1 sample).

Turkish records: Agri, Kars, Isparta, Konya, Siirt, Mersin, Bilecik, Sakarya, Corum, Samsun,
Erzurum, Kahramanmaras, Denizli, Adana, Izmir, Manisa, Ordu, Erzincan, Artvin, Hatay,
Trabzon (Lodos et al., 1999; Oztiirk & Kalkar, 2011; Atay et al., 2012; Senyiiz et al., 2013;
Ozgen et al., 2014; Goktiirk & Mihli, 2015; Polat et al., 2018).
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Distribution: Cyprus, Bulgaria, Syria, Croatia, Greece, Egypt, Slovenia, Israel, Macedonia,
Romania, Bosnia and Herzegovina, Tiirkiye, Lebanon, Albania, Yugoslavia (Lobl & Smetana,
20006).

Chorotype: Mediterranean — Europe (Carpaneto et al., 2000).
Phyllognathus excavatus (Forster, 1771)

Material examined: Kahramanmaras: Pazarcik, 792 m, 37°28'53" N; 37°16'50" E, 26.V1.2004
(1 sample), Yavsan, 1591 m, 37°28'54" N; 37°16'51" E, 31.111.2004 (2 sample).

Turkish records: Elazig, Nigde, Agri, Osmaniye, Mugla, Erzurum, izmir, Antalya,
Kahramanmaras, Mersin, Isparta, Adana (Ulusoy et al., 1999; Demirézer & Karaca, 2011;
Gomlek, 2018).

Distribution: Italy, Malta, Portugal, Lebanon, United Arab Emirates, Yemen, Macedonia,
Jordan, Algeria, Cyprus, Egypt, Bosnia and Herzegovina, Montenegro, France, Ukraine,
Tiirkiye, Morocco, Turkmenistan, Libya, Croatia, Saudi Arabia, Iran, Kazakhstan, Oman, Iraq,
Russia, Israel, Albania, Canary Islands, Kuwait, Tunisia, Spain, Greece (Lobl & Lobl, 2016).

Chorotype: Turan — Mediterranean (Carpaneto et al., 2000).
Polyphylla olivieri (Castelnau, 1840)

Material Examined: Kahramanmaras: Baskonus, 1312 m, 37°33'54" N; 36°34'57" E,
29.V1.2004 (1 sample).

Turkish record_s: Bursa, Antalya, Samsun, Kahramanmaras, Bolu, Isparta, Ankara, Nigde,
Bitlis, Kiitahya, Istanbul, Van (Sabatinelli, 1977; Rey, 1999; Lodos et al., 1999; Karaca et al.,
2006; Akdogan, 2006; Coskun, 2012; Rezaei, 2015).

Distribution: Iran, Transcaucasia, Tiirkiye, Near East, Greece (Bunalski et al., 2014).
Chorotype: Turan — Mediterranean (Vigna-Taglianti et al., 1999).
Scarabaeus (Scarabaeus) pius (Illiger, 1803)

Material examined: Kahramanmaras: Afsin, 1242 m, 38°14'15" N; 36°55'20" E, 11.VI1.2004
(1 sample), Merkez-Ungiit, 673 m, 37°36'07" N; 36°50'39" E, 11.VIL.2004 (1 sample),
Pazarcik, 792 m, 37°28'53" N; 37°16'50" E, 26.V1.2004 (3 sample), 01.VII1.2004 (1 sample),
Baskonus, 1312 m, 37°33'54" N; 36°34'57" E, 29.V1.2004 (2 sample).

Turkish records: izmir, Mugla, Diyarbakir, Kayseri, Ankara, Manisa, Kirklareli, Mersin,
Siirt, Nigde, Antalya, Bilecik, Tokat, Canakkale, Kahramanmaras, Bursa, Konya, Denizli,
Adiyaman, Kirsehir, Eskisehir, Bolu, Pamukkale, Kiitahya, Sanliurfa, Corum,Van (Pehlivan,
1988; Lodos et al., 1999; Rozner & Rozner, 2009; Ozgen et al., 2014).

Distribution: Greece, Italy, Albania, Cyprus, Georgia, Tajikistan, Hungary, Croatia,
Azerbaijan, Jordan, Kazakhstan, Uzbekistan, Bulgaria, Tiirkiye, Russia, France, Lebanon,
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Spain, Afghanistan, Israel, Austria, Macedonia, Romania, Iran, Syria, Turkmenistan,
Yugoslavia (Lobl & Smetana, 2006).

Chorotype: East Mediterranean(Carpaneto et al., 2000).

Family: Staphylinidae

Ocypus olens (O. Miiller, 1764)

Material examined: Kahramanmaras: Pazarcik, 792 m, 37°28'53" N; 37°16'S0" E,
01.VIIL.2004 (2 sample), Ekindzii-Akpinar, 1380 m, 38°05'32" N; 37°13'17" E, 12.1X.2004 (2

sample).

Turkish records: Gaziantep, [zmir, Kahramanmaras, Manisa, Mersin, Mugla (Anlas, 2009;
Ozgen et al., 2017; Gomlek, 2018; Orgel & Tezcan, 2020).

Distribution: Europe, North Africa: Algeria, Canary Islands, Morocco, Tunisia, Nearctic
Region (Stan, 2010).

Chorotype: Europe — Mediterranean (Zanetti & Tagliapietra, 2005).
Philonthus intermedius (Lacordaire, 1835)

Material Examined: Kahramanmaras: Merkez-Ungiit, 673 m, 37°36'07" N; 36°50'39" E,
21.IV.2004 (1 sample).

Turkish records: Malatya, Kocaeli, Denizli, Mersin, Kayseri, Afyonkarahisar, Konya,
Mardin, Ankara, Glimiishane, Nevsehir, Mus, Antalya, Kirikkale, Sivas, Balikesir, Elazig,
Eskisehir, Kahramanmarag, Kirsehir, Adiyaman, Erzincan, Kiitahya, Aksaray, Manisa, Mugla,
Bilecik, Izmir, Usak (Onciier, 1991; Anlas, 2009; Anlas & Rose, 2009; Ozgen & Anlas, 2010;
Abacigil et al., 2013; Anlas et al., 2014; Ozgen et al., 2015; Ciftci & Hasbenli, 2016; Firat &
Sert, 2016; Tanyeri et al., 2017; Sert et al., 2024).

Distribution: Azerbaijan, Europe, Algeria, Morocco, Georgia, Iran, Iraq, Lebanon, Russia,
Tunisia, Tiirkiye (Herman, 2001).

Chorotype: Turan — Europe — Mediterranean (Zanetti & Tagliapietra, 2005).
Family: Tenebrionidae
Blaps lethifera Marsham, 1802

Material examined: Kahramanmaras: Merkez-Ungiit, 673 m, 37°36'07" N; 36°50'39" E,
05.IV.2004 (1 sample), Afsin, 1242 m, 38°14'15" N; 36°55'20" E, 11.VIL.2004 (1 sample).

Turkish records: Burdur, Igdir, Konya, Aydm, Bilecik, Manisa, Denizli, Izmir,

Kahramanmaras, Antalya (Ferrer & Soldati, 1999; Tezcan et al., 2004b; Akinci, 2004, Gomlek,
2018; Dogan, 2020; Goksel et al., 2023).
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Distribution: Europe, Western Asia, Eastern North America, Sweden, Kazakhstan, Poland,
Tiirkiye (Cotton & Good, 1937; Ferrer & Picka, 1990; Ferrer & Soldati, 1999; Tezcan et al.,
2004b; Haitlinger, 2012; Chigray et al., 2016).

Chorotype: Palearctic (Akinci, 2004).
Blaps tibialis Reiche, 1857

Material examined: Kahramanmaras: Baskonus, 1312 m, 37°33'54" N; 36°34'57" E,
05.1X.2004 (1 sample).

Turkish records: Konya, [zmir, Edirne, Agri, Nigde, Diyarbakir, Eskisehir, Adana, Kirikkale,
(Canakkale, Ankara, Osmaniye, Manisa, Burdur, Nevsehir, Kahramanmaras, Aydin, Isparta,
Van (Tezcan et al., 2004b; Siirgiit, 2011; Korkmaz, 2016).

Distribution: Ukraine, Bulgaria, Tiirkiye, Greece, Israel, Southern Europe Region of
Russia(Lobl & Smetana, 2008).

Chorotype: Europe — Mediterranean (Vigna-Taglianti et al., 1999).
Dailognatha quadricollis (Brulle, 1832)

Material examined: Kahramanmaras: Baskonus, 1312 m, 37°33'54" N; 36°34'57" E,
18.1V.2004 (1 sample).

Turkish records: Adana, Nevsehir, Hatay, Mugla, Glimiishane, Karaman, Bitlis, Aydin,
Kirikkale, Manisa, Hakkari, izmir, Canakkale, Balikesir, Eskisehir, Gaziantep, Agri,
Adiyaman, Isparta, Kahramanmaras, Konya, Mersin, Antalya, Nigde, Tunceli (Ferrer &
Soldati, 1999; Tezcan et al., 2004a; Aslan et al., 2008; Tanyeri et al., 2010; Ates, 2013;
Korkmaz, 2016; Bolu, 2016).

Distribution: Bulgaria, Lebanon, Romania, Tiirkiye, Greece (Lobl ve Smetana, 2008).
Chorotype: Europe — Mediterranean (Vigna-Taglianti et al., 1999).

Opatroides punctulatus Brulle, 1832

Material examined: Kahramanmaras: Tiirkoglu-Tigem, 550 m, 37°17'55" N; 36°47'59" E,
01.VI.2004 (1 sample), Goksun-Cardak, 1365 m, 38°03'02" N; 36°38'34" E, 06.VII1.2004 (2
sample), Tiirkoglu-Tigem, 550 m, 37°17'55" N; 36°47'59" E, 31.V1.2004 (2 sample).
Turkish records: Manisa, Isparta, Kilis, Ankara, izmir, Mardin, Aydin, Diyarbakir,
Gaziantep, Bitlis, Kahramanmaras, Antalya, Mugla, Denizli, Sanliurfa (Tezcan et al., 2004b;
Tanyeri et al., 2017).

Distribution: Bahrain, Uzbekistan, Tiirkiye, Italy, Cyprus, Yemen, Libya, Russia, Malta,
Eastern Siberia, Egypt, Syria, Algeria, Tunisia, Morocco, Greece (L6bl ve Smetana, 2008).

Chorotype: Palearctic (Vigna-Taglianti et al., 1999).
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As seen in Figure 3, the family with the highest number of species is the Scarabaeidae family,
while the families with the lowest number of species are Buprestidae, Cerambycidae, and
Lucanidae.
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Figure 3. Number of species belonging to the families.

As seen in Figure 4, the majority of the collected Coleoptera specimens were obtained from
the city center.
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Figure 4. Distribution of collected samples according to districts.

DISCUSSION AND CONCLUSION

In this study, conducted to contribute to the Coleoptera fauna of Kahramanmaras city center
and its districts. In total 33 species and 1 subspecies belonging to 30 genera in 10 families were
identified. It was determined that Scarabaeus (Scarabaeus) pius (Illiger, 1803) from the
Scarabaeidae family was the most frequently collected species.

According to the data in Figure 3, the high number of species observed in the Scarabaeidae
family is thought to be due to the sampling method being pitfall trapping. According to the
data in Figure 4, the highest number of samples was collected from areas connected to the city
center. The main reason for this is thought to be the rich fauna of Baskonus and Yavsan
plateaus, which are linked to the center. In the study conducted by Oztiirk & Kalkar (2011),
the Coleoptera fauna around the Kahramanmaras Menzelet Dam Lake was investigated. As a
result of the study, 19 families and 32 insect species belonging to the order Coleoptera were
identified. In this study, the Scarabaeidae family was also found to have the highest species
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diversity and number of specimens. In his study on the Coleoptera fauna at Kahramanmaras
Siit¢ii imam University Avsar Campus, Gémlek (2018) identified 71 species and 4 subspecies
belonging to 14 families. As a result of the study, the Scarabaeidae family was again found to
have the highest diversity in terms of species number and number of collected specimens.
Looking at the chorotype data of the obtained species, it was determined that 20 species have
a Mediterranean distribution, 18 species have a European distribution, 9 species have a
Turanian distribution, 5 species have an Asian distribution, 5 species have a Palaearctic
distribution, and 1 species has a Holarctic distribution.
Identifying the insect fauna of a region contributes to determining biological diversity,
managing harmful insect species, detecting endangered species, and supporting many scientific
fields. This study aims to contribute to the Coleoptera fauna of Kahramanmaras province and
some of its districts. Future studies can provide a more comprehensive investigation of the
insect fauna of Kahramanmaras. Additionally, these studies can serve as a basis for research
on harmful or beneficial insects in agricultural and forestry areas.
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ABSTRACT: The increasing focus on sustainability and waste reduction has led to significant
interest in recycling paper products. This study investigates the use of two types of
nanocellulose (CNF and CNC) as filler materials in the production of recycled newspaper. The
aim is to evaluate the effects of these nanocelluloses on the mechanical, optical, and surface
properties of the recycled newspaper (ONP). Mechanical properties such as tensile strength,
burst strength, and tear resistance were measured to determine the material’s durability. Optical
properties, including brightness, whiteness, and yellowness, were assessed to understand the
aesthetic quality of the recycled paper. Surface roughness values (Ra, Rz, Rq) were also
analyzed to evaluate the surface quality, which is essential for printability. The results show
that CNF significantly improved the tensile and tear strengths, as well as reduced the
yellowness, making the paper more visually appealing. CNC, on the other hand, demonstrated
a notable enhancement in burst strength but had a less pronounced effect on other properties.
This study demonstrates that nanocellulose, particularly CNF, is a promising additive for
improving specific mechanical and optical characteristics of recycled newspaper, making it
more suitable for various applications.

Keywords: Nanocellulose, newspaper, mechanical, optical, surface
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SELULOZ NANOLIFLERININ (CNF) VE SELULOZ
NANOKRISTALLERININ (CNC) GERI DONUSTURULMUS GAZETE
KAGIDININ MEKANIK, OPTIK VE YUZEY OZELLIKLERINI
IYILESTIRMEDE YUKSEK PERFORMANSLI DOLGU
MALZEMELERI OLARAK KULLANIMI

OZET: Siirdiiriilebilirlik ve atik azaltma iizerine artan odak, kagit iiriinlerinin geri
doniistiiriilmesine olan ilgiyi 6nemli 6l¢iide artirmistir. Bu calisma, geri doniistiiriilmiis gazete
kagidi tiretiminde iki tiir nanoseliillozun (CNF ve CNC) dolgu malzemesi olarak kullanimini
incelemektedir. Amag, bu nanoseliilozlarin geri doniistiiriilmiis gazete kagidinin (ONP)
mekanik, optik ve yiizey oOzellikleri lizerindeki etkilerini degerlendirmektir. Malzemenin
dayanikliligini belirlemek i¢in ¢ekme mukavemeti, patlama mukavemeti ve yirtilma direnci
gibi mekanik 6zellikler 6l¢iilmiistiir. Geri doniistiiriilmiis kagidin estetik kalitesini anlamak igin
parlaklik, beyazlik ve sarilik gibi optik 6zellikler degerlendirilmistir. Baski kalitesi agisindan
kritik olan yiizey kalitesini belirlemek amaciyla yiizey piiriizliligi degerleri (Ra, Rz, Rq)
analiz edilmistir. Sonuclar, CNF’nin ¢ekme ve yirtilma mukavemetini 6nemli 6l¢iide artirdigini
ve sarilig1 azaltarak kagidi gorsel olarak daha cekici hale getirdigini gostermistir. Diger yandan
CNC, patlama mukavemetinde belirgin bir iyilesme saglarken diger 6zellikler lizerinde daha
az etkili olmustur. Bu ¢aligma, 6zellikle CNF’nin, geri doniistiiriilmiis gazete kagidinin belirli
mekanik ve optik 6zelliklerini iyilestirmede umut verici bir katki maddesi oldugunu ortaya
koymaktadir ve bu tir kagitlarin g¢esitli uygulamalar icin daha uygun hale getirilmesini
saglamaktadir.

Anahtar kelimeler: Nanoseliiloz, gazete kagidi, mekanik, optik, yiizey

INTRODUCTION

In recent years, sustainability and circular economy practices have become central to the global
agenda, driven by growing environmental concerns and the urgent need to reduce waste and
resource consumption (Abushammala et al., 2023; Sopelana et al., 2021). The paper and pulp
industry, a significant contributor to deforestation, water consumption, and industrial
emissions, has increasingly adopted recycling initiatives to mitigate its environmental impact.
Recycling paper products, particularly newspapers, has emerged as one of the most effective
strategies for reducing raw material use and waste (Abushammala et al., 2023; Dick &
Malvessi, 2022; Ozola et al., 2019; Van Ewijk et al., 2020). However, despite these
environmental benefits, recycled paper tends to exhibit inferior mechanical, optical, and
surface properties compared to its virgin fiber counterparts. This has led researchers to explore
ways to enhance the performance of recycled paper, thereby making it suitable for a wider
range of applications (Brancato et al., 2007; Matachowska et al., 2023; Okayama, 2002;
Wanrosli et al., 2005). Among the many potential solutions, the use of nanocellulose as a filler
and reinforcing agent has gained considerable attention for its promising ability to improve the
quality of recycled fibers.

Nanocellulose, derived from the breakdown of cellulose into nanometer-sized fibers, possesses
unique properties that make it an attractive material for enhancing paper. Its high surface area,
excellent mechanical strength, and renewable nature offer significant potential for improving
the physical and structural integrity of recycled paper. Numerous studies have explored the
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impact of nanocellulose on paper properties, particularly in recycled paper applications (Indarti
et al., 2023; Li et al., 2021; Sanchez-Salvador et al., 2020; Yi et al., 2023). However, most of
these studies have primarily focused on the general reinforcement effects of nanocellulose,
without providing a detailed comparative analysis of cellulose nanofibrils (CNF) and cellulose
nanocrystals (CNC) in recycled newsprint applications. Additionally, while prior research has
demonstrated improvements in mechanical properties, there remains limited understanding of
how these nanocelluloses affect the optical and surface characteristics of recycled newspaper,
which is crucial for printability and end-use performance.

Nanocellulose can be incorporated into paper formulations through various modification
techniques, including bulk addition (direct incorporation into the fiber suspension), surface
application via size press, and film coating methods (Li et al., 2021; Mazega et al., 2022; Pego
et al., 2020; Sharma et al., 2020). Each approach offers unique advantages depending on the
intended end-use of the paper. Size press and film coating methods are particularly useful for
enhancing surface properties such as printability, water resistance, and barrier performance
(Brancato et al., 2007; Tozluoglu & Fidan, 2023; Van Nguyen & Lee, 2021). However, these
techniques generally result in surface modifications rather than bulk reinforcement and may
require additional processing steps thereby increasing production complexity and cost. In
contrast, bulk addition, which involves the direct incorporation of nanocellulose into the fiber
suspension before sheet formation, enables nanoscale fibrils to interact directly with the
recycled fibers, reinforcing the fiber network from within. This method has been shown to be
particularly effective in improving mechanical strength by enhancing fiber-fiber bonding, as
well as influencing optical and surface properties more uniformly throughout the paper matrix
(Balea et al., 2020; Sanchez-Salvador et al., 2020). Given that recycled newspaper typically
exhibits weakened fiber bonding due to prior mechanical and chemical treatments, the bulk
incorporation of nanocellulose was chosen as the most suitable approach for achieving
comprehensive reinforcement across multiple paper properties. Furthermore, this method
aligns with industrially viable papermaking processes, as it does not require additional post-
processing steps and can be seamlessly integrated into conventional recycling operations.

Nanocellulose, in the form of cellulose nanofibrils (CNF) or cellulose nanocrystals (CNC), has
been extensively studied for its capacity to increase the tensile strength, burst strength, and tear
resistance of paper materials (Barta et al., 2023; Campano et al., 2018; Indarti et al., 2023; Pego
et al., 2020; Perdoch et al., 2022; Yi et al., 2023). This is achieved primarily through its ability
to reinforce the fiber matrix, promote hydrogen bonding between fibers, and reduce the
porosity of the paper structure. Balea et al., (2020) and Campano et al., (2018) demonstrated
that the incorporation of nanocellulose significantly improves the mechanical properties of
recycled paper, making it more durable and resistant to mechanical stresses. These studies have
laid the groundwork for understanding the role of nanocellulose in reinforcing recycled fibers,
particularly in applications involving low-strength papers, such as newsprint and packaging.

However, the advantages of nanocellulose are not limited to mechanical reinforcement. The
unique fibrillar network formed by nanocellulose within the paper matrix also has implications
for optical properties, which are critical for applications such as printing and packaging where,
visual quality is paramount (Lourenco et al., 2020; Pego et al., 2020; Perdoch et al., 2022).
Brightness, whiteness, and yellowness are key optical attributes that directly affect the aesthetic
and functional quality of recycled paper products. The inherent presence of contaminants, such
as ink residues, fillers, and lignin in recycled fibers poses significant challenges for achieving
high levels of brightness and whiteness in recycled paper (Jamnicki Hanzer et al., 2021; Radi¢

124



Cigekler, M. & Tutus, A. / Turkish Journal of Forest Science 9(1) 2025: 122-140

Seles et al., 2020; Zeb et al., 2021). Moreover, aging and the degradation of fiber quality during
the recycling process further exacerbate these optical deficiencies. Nanocellulose, by virtue of
its nanoscale dimensions and its ability to modify the paper's internal structure, has shown
potential to address some of these optical limitations. Li et al., (2021) found that the addition
of nanocellulose could improve the light-scattering properties of the paper, thereby enhancing
its brightness. Nonetheless, the degree to which different types of nanocellulose influence
optical properties in recycled paper remains insufficiently underexplored.

Additionally, surface quality is another crucial aspect of paper products, particularly in contexts
where printability and coating adhesion are important. Surface roughness plays a pivotal role
in determining the paper’s ability to accept and hold ink during the printing process. A
smoother surface typically results in sharper print quality and more efficient ink transfer
(Ataeefard, 2014; Aydemir et al., 2021; Havenko et al., 2020). In recycled paper, the surface
quality can be compromised due to irregularities introduced during the fiber recovery process,
such as fiber entanglement, filler deposition, and fiber breakage (Balea et al., 2018; Wistara et
al., 1999). Nanocellulose has been suggested as a potential solution for improving surface
properties by filling in surface voids and creating a more uniform and compact fiber network.
Imani et al., (2019) and Lourenco et al., (2020b) reported improvements in surface smoothness
when nanocellulose was used as a coating material, highlighting its potential to enhance
printability and coating performance. However, the interaction between different types of
nanocellulose and recycled newspaper fibers, in terms of surface properties, remains a subject
that warrants further investigation.

The present study seeks to fill these gaps by systematically exploring the effects of two distinct
types of nanocellulose, cellulose nanofibrils (CNF) and cellulose nanocrystals (CNC), as filler
materials in the production of recycled newspaper. While both types of nanocellulose have
been extensively studied for their ability to improve the mechanical properties of various paper
products, previous research has primarily focused on their general reinforcing effects in
different paper grades, such as kraft paper and packaging board (Balea et al., 2020; Campano
et al., 2018; Indarti et al., 2023). However, comparative studies specifically targeting recycled
newspaper remain scarce, particularly with regard to the simultaneous evaluation of both
mechanical and optical performance as well as surface roughness, which is a critical parameter
for printability.

MATERIALS AND METHODS
Materials

The base material for this study was old newspaper (ONP), obtained from post-consumer
sources. Cellulose nanofibrils (CNF) have a high aspect ratio and excellent mechanical
reinforcement properties, while cellulose nanocrystals (CNC) are known for their rigidity and
crystalline structure. In this study, both CNF and CNC were obtained from commercial
suppliers specializing in nanocellulose production. The raw material used for the nanocellulose
was bleached kraft pulp derived from softwood fibers, ensuring high purity and minimal
residual lignin content.

The CNF was produced through high-pressure homogenization, in which the pulp fibers were
subjected to multiple passes through a mechanical shear system, leading to fibrillation and
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nanoscale fiber formation. This process results in CNF with long, entangled fibrils, a high
surface area, and superior hydrogen bonding capacity, making it ideal for reinforcing paper
matrices.

On the other hand, CNC was obtained via sulfuric acid hydrolysis, a process that selectively
degrades amorphous cellulose regions while preserving the highly crystalline segments. This
method yields rigid, rod-shaped nanocrystals with high crystallinity and enhanced surface
charge due to sulfate ester groups, contributing to better dispersion in aqueous suspensions.
Both nanocellulose types were delivered as aqueous suspensions with a solid content of 5 wt%.

Additional materials included deionized water, which was used for diluting the nanocellulose
suspensions and preparing the pulp slurries. The recycled pulp was prepared by mechanically
defibrating the newspaper in a standard laboratory disintegrator (ISO 5263). No chemical
treatments were applied to remove ink or other contaminants, as the focus was on the intrinsic
effects of nanocellulose on the mechanical, optical, and surface properties of the recycled
fibers.

Preparation of Recycled Pulp and Nanocellulose Blends

Recycled newspaper was disintegrated in deionized water at a consistency of 5% (w/w) for 20
minutes at 3000 rpm. The resulting pulp slurry was filtered and washed to remove residual
contaminants. The pulp was then divided into four portions, each representing a different CNF
and CNC addition level: 0%, 10%, 20%, and 30% by weight of dry recycled fiber. Although
these addition levels may seem high compared to conventional papermaking practices, they
were selected to systematically evaluate the upper limits of nanocellulose reinforcement in
recycled newspaper applications. Previous studies have typically explored nanocellulose
dosages in the range of 1-10% (Balea et al., 2020; Indarti et al., 2023); however, our approach
aims to provide a comprehensive understanding of both the benefits and the practical
limitations of higher dosages. From an industrial and commercial perspective, the feasibility of
incorporating nanocellulose at such levels depends on factors such as cost, processing
efficiency, and compatibility with existing paper recycling infrastructure. While 30% may not
be economically viable for large-scale production, the performance trends observed at different
dosage levels can guide optimization efforts towards identifying a commercially practical
balance between mechanical improvement and cost-effectiveness. Based on our findings, the
most effective concentration that provides substantial improvements while maintaining
feasibility is around 10-20%, aligning with the practical application limits reported in prior
industrial studies.

Each blend of pulp and nanocellulose fibers was stirred for 10 minutes to ensure uniform
dispersion of the nanocellulose within the fiber matrix. Achieving a homogeneous distribution
of nanocellulose within recycled fiber suspensions is critical for ensuring consistent
improvements in paper properties. Given its high surface area and tendency of nanocellulose
to form aggregates, careful mixing and dispersion techniques were employed to promote even
incorporation. After mixing, the slurry was diluted to a consistency of 1% and formed into
standard handsheets using a Rapid Kothen RK-21 paper machine (ISO 5269-2). The
handsheets, each with a basis weight of approximately 60 g/m?, were dried and conditioned at
23°C and 50% relative humidity for 24 hours before testing.

Determination of Paper Properties
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Mechanical testing was performed to assess the impact of nanocellulose addition on the
strength properties of the recycled paper. The tensile strength of the samples was evaluated
according to ISO 1924-2 using an Instron Universal Testing Machine (Model 3345) equipped
with a 5 kN load cell. The tests were conducted at a crosshead speed of 10 mm/min. Burst
strength was measured in accordance with ISO 2758 standards, using a Mullen-type burst tester
to determine the burst resistance of the handsheets. Tear resistance, as specified in ISO 1974,
was assessed using an Elmendorf-type tear tester. For each mechanical property, five replicates
were tested, and the mean values were recorded to ensure accuracy and reliability of the results.

The optical properties of the recycled paper, including brightness, whiteness, and yellowness,
were measured to evaluate the effect of nanocellulose on the aesthetic qualities of the paper.
All measurements of optical properties were conducted using a Datacolor Elrepho device. ISO
Brightness was assessed according to ISO 2470-1, with results reported as the percentage of
reflectance at 457 nm. Whiteness was determined based on the CIE whiteness index, following
ISO 11475 standards. The yellowness index was evaluated in accordance with ASTM E313,
where higher values indicate a greater degree of yellowing in the paper. Each optical property
was tested five times to ensure the accuracy of the measurements, with the mean values used
for further analysis.

Surface roughness was evaluated using a Surftest SJ-201 roughness tester (Mitutoyo). The Ra,
Rz and Rq values were measured over a length of 2 cm with a cut-off length of 0.8 mm. This
test was performed to assess the impact of nanocellulose on surface quality, which is critical
for printing applications. The rougher surfaces exhibit higher Ra values, indicating lower
printability. Five replicates were tested per sample, and the mean Ra values were recorded for
analysis.

Statistical Analysis

Pearson correlation analysis was conducted using SPSS to determine the relationships between
nanocellulose concentration levels (CNF and CNC) and the mechanical, optical, and surface
properties of the recycled paper. Pearson's correlation coefficients (r) were used to evaluate the
strength and direction of the linear relationships between the variables, with significance levels
set at p < 0.05. The analysis focused on identifying whether increasing concentrations of CNF
and CNC resulted in significant improvements or detriments in the properties of the recycled
newspaper.

Statistical significance was set at p < 0.05. Additionally, the signal-to-noise ratios (S/N ratios)
were calculated for key performance indicators to evaluate the robustness of the results using
the Taguchi method, based on the assumption that "larger is better" for mechanical strength
properties and "smaller is better" for surface roughness and yellowness.

RESULTS AND DISCUSSION
Mechanical Properties

The mechanical properties, including tensile strength, burst strength, and tear resistance, were
evaluated, and the results are presented in Table 1.
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Table 1. Effect of CNF and CNC on the mechanical properties of recycled newspaper
Nanocellulose  Tensile Strength (N) Burst Strength (kPa) Tear Resistance (gf)

Cons. (%) CNF CNC CNF CNC CNF CNC
0 51.4 (2.80) 2.44 (0.34) 10.0 (0.00)

0 59.7 54.8 2.74 2.12 9.50 9.50

(2.48) (2.98) (0.55) (0.31) (0.58) (0.56)

20 70.4 61.6 2.38 2.79 11.0 10.0

(2.54) (2.19) (0.27) (0.25) (0.62) (0.58)

30 61.1 59.8 2.23 3.09 10.0 9.50

(2.39) (2.32) (0.29) (0.15) (0.59) (0.47)

*Values in parentheses represent standard deviations

The mechanical properties of recycled newspaper, as influenced by the addition of CNF and
CNC nanocellulose, demonstrate notable differences based on the nanocellulose type and
concentration. The tensile strength results, as shown in the table, indicate that CNF
nanocellulose provides a more pronounced improvement in mechanical strength, particularly
at the 20% concentration level, where tensile strength peaks at 70.36 N. This improvement can
be attributed to the ability of cellulose nanofibrils (CNFs) to form a more cohesive network
within the paper matrix, enhancing fiber-fiber bonding. Previous studies, such as those by
Hsieh et al., (2003), have reported similar findings, noting that CNFs are particularly effective
at reinforcing recycled paper due to their high aspect ratio and surface area, which enable for
greater interaction with the fibers.

In contrast, cellulose nanocrystals (CNCs) show less significant improvement in tensile
strength across all concentrations, with a maximum value of 61.59 N at the 20% concentration
level. While CNCs provide increased rigidity due to their high crystallinity, their shorter aspect
ratio and lower entanglement capacity limit their ability to reinforce the fiber network as
effectively as CNFs. However, beyond crystallinity, the rheological properties of the
nanocellulose suspensions also play a crucial role in determining their reinforcement efficiency
(Liu et al., 2017; Moberg et al., 2017; J. Xu et al., 2024). CNF suspensions exhibit shear-
thinning and gel-like behavior, facilitating better interaction with fibers and leading to stronger
inter-fiber hydrogen bonding (Ghosh et al., 2017; Jowkarderis & Van De Ven, 2014). In
contrast, CNC dispersions behave more like colloidal suspensions, in which their lower
viscosity and reduced interaction with fibers result in weaker stress transfer within the paper
matrix (Oguzlu et al., 2017; Y. Xu et al., 2020). The reduced improvement in tensile strength
observed with CNCs may therefore be attributed to a combination of lower fiber entanglement,
weaker hydrogen bonding, and differences in suspension rheology, all of which influence how
nanocellulose integrates into the recycled fiber network. This is consistent with findings from
Bai et al., (2019) and Xu et al., (2013), who observed that CNCs, though rigid, do not provide
the same level of inter-fiber bonding as CNFs due to their lower surface area and lack of
fibrillar structure.

Furthermore, the burst strength values indicate that CNC performs better than CNF at higher
concentrations, particularly at 30%, where a burst strength of 3.09 kPa was recorded. This
finding aligns with research by Zeng et al., (2021), who suggested that the crystalline nature of
CNCs contributes to the paper's resistance to out-of-plane forces, making them more suitable
for enhancing burst strength. The tear resistance results, however, are more consistent across
both nanocellulose types, with CNF slightly outperforming CNC at 20%, a reflection of the
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greater flexibility and toughness imparted by CNFs, as noted in Hu et al., (2021), Jele et al.,
(2022) and Lu et al., (2017).

Table 1 shows that while tensile and burst strength improve, tear resistance does not follow the
same trend. This discrepancy arises because tear resistance depends not only on fiber bonding
but also on fiber flexibility and energy dissipation (Karenlampi, 1996; Karenlampi et al., 1996).
CNF forms a dense network that increases stiffness, limiting fiber mobility and reducing energy
absorption during tearing, while CNC’s high crystallinity further restricts flexibility. Similar
trends have been reported in the literature, where excessive nanocellulose addition has been
shown to lead to brittle paper structures. To optimize tear resistance while maintaining strength,
future studies could explore adjusted CNF concentrations, hybrid formulations, or modified
processing techniques that balance bonding and flexibility.

Table 2 presents the results of the signal-to-noise ratio (S/N ratio) analysis for tensile strength,
burst strength, and tear resistance, conducted to determine the optimal levels of CNF and CNC
nanocellulose for enhancing mechanical properties. This analysis was performed as part of the
Taguchi method, which is designed to helps identify the most effective factors and their levels
for improving paper strength while minimizing variability.

Table 2. Signal-to-Noise ratios for mechanical properties of recycled paper with CNF and
CNC nanocellulose at different levels
Tensile Strength (N) Burst Strength (kPa) Tear Resistance (gf)
Level CNF (%) CNC (%) CNF(%) CNC(%) CNF (%) CNC (%)

1 35.00 35.52 8.109 7.545 19.76 20.09
2 35.51 34.75 8.392 6.268 19.52 19.52
3 36.91 35.57 7.406 8.839 20.83 20.00
4 35.49 35.50 6.821 9.768 20.00 19.52
Delta 1.91 0.82 1.571 3.501 1.31 0.57
Rank 1 2 2 1 1 2

The Taguchi analysis of tensile strength, burst strength, and tear resistance demonstrates that
CNF nanocellulose consistently outperforms CNC in enhancing mechanical properties. For
tensile strength, CNF shows the highest improvement at level 3 (36.91 N), while CNC's impact
is more limited across all levels, peaking at 35.57 N at level 3. In burst strength, CNC exhibits
a stronger effect at level 4 (9.768 kPa), whereas CNF peaks at level 2 (8.392 kPa), indicating
that higher concentrations of CNC are more effective for burst strength. For tear resistance,
both CNF and CNC perform similarly at level 3, but CNF slightly outperforms CNC with a
maximum tear resistance of 20.83 gf at the same level. The ranking based on delta values
confirms that CNF has a greater overall influence on tensile and tear resistance, while CNC has
a stronger effect on burst strength.

Figure 1 presents the main effects plots for the Signal-to-Noise ratios (S/N ratio) derived from
the Taguchi analysis, conducted to assess the influence of CNF and CNC nanocelluloses on
tensile strength, burst strength, and tear resistance across different concentration levels. This
analysis was performed to determine the optimal levels of nanocellulose for maximizing paper
strength properties while minimizing variability.
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Figure 1. Mechanical properties: Main effects plots for Signal-to-Noise ratios of CNF and
CNC nanocellulose at different concentration levels

The Taguchi analysis on tensile, burst, and tear strengths revealed distinct contributions from
CNF and CNC nanocelluloses to paper strength. CNF showed a more significant effect,
particularly at the 20% concentration level, where it achieved the highest improvements in
tensile strength, as indicated by optimal signal-to-noise (S/N) ratios. CNC had a more limited
impact, with moderate improvements at 20%, suggesting its effectiveness at lower levels. For
burst strength, CNF again performed best at 20%, while CNC showed a stronger effect at 30%.
The optimal combination for burst strength was found to be 20% CNF and 30% CNC. In tear
resistance, CNF at 20% provided the highest improvement, while CNC's contribution was less
significant. CNF outperformed CNC across all three strength parameters, particularly at 20%.
While CNC's effect was more modest, concentrations between 20% and 30% still showed
improvements in tensile and burst strength. The ideal combination to optimize strength
properties is 20% CNF with 20-30% CNC.

The correlation analysis reveals that CNF has a moderate positive effect on both tensile strength
(r = 0.427) and tear resistance (r = 0.413), indicating its role in enhancing fiber bonding and
overall toughness. In contrast, CNC shows little impact on tensile strength (r = -0.028) and a
negative correlation tear resistance (r = -0.336), but has a stronger positive correlation with
burst strength (r = 0.511), suggesting its ability to improve the paper’s out-of-plane resistance

Optical Properties

The optical properties, including whiteness, brightness, and yellowness, were evaluated, and
the results are summarized in Table 3. The optical performance of recycled newspaper, as
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influenced by CNF and CNC nanocelluloses, shows that both types of nanocellulose types
affect these properties to varying degrees, exhibiting several notable trends.

Table 3. Effect of CNF and CNC nanocellulose on the optical properties of recycled
newspaper at different concentrations

Nanocellulose Whiteness (ISO%) Brightness (ISO%) Yellowness (E313)
Cons. (%) CNF CNC CNF CNC CNF CNC

0 39.54 (0.35) 35.46 (0.40) 14.03 (0.31)
10 38.26 37.76 34.25 33.87 13.66 14.00
(0.23) (0.03) (0.03) (0.12) (0.23) (0.35)
20 36.89 36.86 33.25 33.10 13.43 13.62
(0.69) (0.12) (0.77) (0.19) (0.53) (0.37)
30 36.56 36.29 32.94 32.58 13.50 13.68
(0.76) (0.42) (0.74) (0.38) (0.36) (0.05)

*Values in parentheses represent standard deviations

For whiteness, the results in Table 3 show that the addition of both CNF and CNC
nanocelluloses led to a reduction in the ISO whiteness values compared to the control sample.
As the concentration of nanocellulose increased, the whiteness values decreased progressively.
This effect can be attributed to the fact that nanocellulose, particularly at higher concentrations,
tends to fill the paper's voids and reduce light scattering, which contributes to high whiteness
in paper. However, the degree of whiteness reduction differs between CNF and CNC,
indicating that their influence on optical properties is governed by distinct underlying
mechanisms.

CNF exhibited a more pronounced decrease in whiteness compared to CNC, which can be
explained by its gel-like nature and high aspect ratio, leading to the formation of a denser and
more compact fiber network that further limits light scattering. The entangled structure of CNF
also increases fiber bonding, which may contribute to a more uniform but less reflective paper
surface. In contrast, CNC, due to its rigid, crystalline nature and lower tendency to form an
extensive fiber network, results in a relatively smaller reduction in whiteness. CNC particles,
being discrete and rod-like, do not contribute to network densification to the same extent as
CNF, allowing for slightly better light diffusion. Previous studies (He et al., 2016; Tajik et al.,
2018; Toivonen et al., 2018) have also reported that while CNFs improve mechanical
properties, their compact structure leads to reduced whiteness, whereas CNC’s impact on
whiteness is less severe but still noticeable at higher dosages. These findings highlight the
importance of optimizing nanocellulose concentration to balance mechanical improvements
with acceptable optical performance, particularly for applications where brightness and
whiteness are critical.

In terms of brightness, both CNF and CNC resulted in decreased brightness values as
concentrations increased, with CNC showing a slightly better performance at the 30%
concentration level. Brightness is closely linked to the reflectance of light, and the findings
align with those of Sun et al., (2018), Toivonen et al., (2018) and Xu et al., (2013), who
observed that cellulose nanocrystals (CNCs) generally exhibit higher transparency than CNFs,
potentially allowing for a slight improvement in brightness retention. However, the reduction
in brightness at higher nanocellulose levels suggests that while CNC may slightly outperform
CNF in this aspect, both types of nanocellulose can reduce brightness due to their impact on
the paper's surface uniformity and light reflection.
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When examining yellowness, both nanocelluloses demonstrated a reduction in yellowness
index, especially at the 20% CNF concentration, which exhibited the lowest yellowness value.
This can be seen as a positive outcome, as lower yellowness is desirable for maintaining the
paper's aesthetic quality. This finding aligns with studies by Campano et al., (2018), Li et al.,
(2021) and Sanchez-Salvador et al., (2020), which reported that nanocellulose could help
minimize the degradation effects (such as yellowing) typically associated with recycled paper
by improving the uniformity of the fiber matrix. The slightly higher yellowness observed with
CNC at the 30% concentration level might be due to the greater crystalline structure of CNCs,
which can result in less effective light diffusion and a more yellow appearance under certain
conditions.

The analysis reveals that both CNF and CNC nanocelluloses significantly influence the optical
properties of recycled paper, with CNF at a 20% concentration demonstrating the most
balanced effect by effectively reducing yellowness while maintaining adequate levels of
whiteness and brightness. These observations are consistent with established literature, which
suggests that cellulose nanofibrils (CNFs) excel in applications where enhanced fiber bonding
and minimized optical degradation are essential. In comparison, cellulose nanocrystals (CNCs)
show a modest advantage in preserving brightness but exhibit less efficacy in controlling
yellowness. This may be attributed to their highly crystalline structure, which improves
transparency but results in reduced optical uniformity.

Table 4 presents the results of the signal-to-noise ratio (S/N ratio) analysis for the optical
properties, including whiteness, brightness, and yellowness, of recycled paper containing
varying concentrations of CNF and CNC nanocellulose.

Table 4. Signal-to-Noise ratios for optical properties of recycled paper with CNF and CNC
nanocellulose at different levels
Whiteness (ISO%) Brightness (ISO%) Yellowness (E313)
Level CNF (%) CNC (%) CNF (%) CNC (%) CNF (%) CNC (%)

1 31.50 31.54 30.56 30.61 -22.82 -22.71
2 31.65 31.54 30.69 30.59 -22.71 -22.92
3 31.33 31.33 30.43 30.40 -22.57 -22.69
4 31.25 31.19 30.34 30.26 -22.61 -22.72
Delta 0.41 0.35 0.35 0.36 0.25 0.24
Rank 1 2 2 1 1 2

The analysis of the optical properties reveals that CNF nanocellulose outperforms CNC in
enhancing both whiteness and reducing yellowness, with the highest S/N ratio for whiteness
observed at level 2 (31.65) and the lowest yellowness at level 3 (-22.57). This suggests that
CNF’s fine fibrillar structure improves light scattering and minimizes yellowing, consistent
with findings by Aydemir et al., (2021), Havenko et al., (2020), Lourengo et al., (2020a), Radi¢
Seles et al., (2020) and Toivonen et al., (2018). While CNC demonstrates comparable but
slightly lower effectiveness in whiteness, its crystalline structure limits light scattering, and it
shows a stronger effect on maintaining brightness, with the highest S/N ratio for brightness
observed at level 2 (30.69). Overall, CNF has a greater impact on improving whiteness and
reducing yellowing, while CNC performs moderately in maintaining brightness, aligning with
previous studies on CNFs and CNCs.
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Figure 2 presents the main effects plots for the Signal-to-Noise ratios (S/N ratio) derived from
the Taguchi analysis, conducted to evaluate the influence of CNF and CNC nanocelluloses on
whiteness, brightness, and yellowness across different concentration levels.
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Figure 2. Optical properties: Main effects plots for Signal-to-Noise ratios of CNF and CNC
nanocellulose at different concentration levels

The Taguchi analysis on the optical properties, including whiteness, brightness, and
yellowness, demonstrated varying effects of CNF and CNC nanocelluloses at different
concentrations. CNF exhibited a more significant influence on whiteness, particularly at 20%
concentration level, where the highest S/N ratios were observed, indicating that CNF improves
whiteness more effectively at this level. In contrast, CNC showed slightly lower but
comparable improvements in whiteness, with the best performance at 10% concentration. For
brightness, CNF and CNC demonstrated relatively similar trends, although CNC achieved the
highest S/N ratios at 20%, suggesting its effectiveness in maintaining brightness. In terms of
yellowness, CNF showed a stronger effect in reducing yellowness, especially at 20%, where
the lowest values were recorded, whereas CNC had a more modest impact. Overall, CNF at
20% concentration provided the best balance across all optical properties, while CNC showed
moderate effectiveness in maintaining brightness, particularly at lower concentrations.

The correlation analysis shows that CNF has a moderate negative impact on whiteness (r = -
0.321) and brightness (r = -0.274), while also significantly reducing yellowness (r = -0.416),
indicating its role in improving the visual quality by decreasing yellowness as its concentration
increases. In contrast, CNC shows a stronger negative correlation with whiteness (r = -0.471)
and brightness (r = -0.487), but exerts little effect on yellowness (r = 0.023). This suggests that
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while CNC tends to reduce optical clarity, CNF is more effective in controlling yellowness,
thus presenting a trade-off between different optical properties based on the nanocellulose type.

Surface Properties

Surface roughness, a critical parameter for printability, was analyzed to evaluate the effects of
nanocellulose addition. Table 5 presents the surface roughness values (Ra, Rq, Rz) for recycled
paper samples treated with varying concentrations (0%, 10%, 20%, and 30%) of CNF and CNC
nanocelluloses.

Table 5. Surface properties (Ra, Rq, Rz) of recycled paper with different nanocellulose types
and concentrations

Nanocellulose Ra Rq Rz

Cons. (%) CNF CNC CNF CNC CNF CNC

0 1.855 (0.04) 2.402 (0.14) 11.952 (0.58)
10 1.864 2.177 2.425 2.701 12.715 13.584
(0.17) (0.34) (0.20) (0.44) (0.78) (2.67)
20 2.028 2.113 2.591 2.642 12.686 12.517
(0.10) (0.19) (0.07) (0.27) (0.60) (1.34)
30 1.691 1.780 2.196 2.379 12.198 13.221

(0.20) (0.03) (0.22) (0.14) (1.47) (1.34)

*Values in parentheses represent standard deviations

The surface roughness parameters (Ra, Rq, and Rz) highlight the influence of CNF and CNC
nanocellulose types and concentrations on recycled paper surfaces. In this study, CNF
exhibited a reduction in surface roughness, particularly at the 30% concentration, where Ra
and Rz values were lower than those for CNC. This suggests that CNF, at higher
concentrations, promotes smoother surfaces by enhancing fiber bonding and distribution
without significant agglomeration. These findings are in line with previous studies, such as that
of Hu et al., (2021), which demonstrated that the long fibrillar structure of CNF helps bridge
gaps between fibers, thereby reducing surface roughness (Ataeefard, 2014; Bai et al., 2019;
Havenko et al., 2020; Lourengo et al., 2020b). CNC, while effective in other applications,
showed higher roughness values in this context, indicating that it may not be as suitable for
applications where surface smoothness is critical. This observation is consistent with the works
of Aydemir et al., (2021), Li et al., (2021), Perdoch et al., (2022), Radi¢ Seles et al., (2020) and
Sanchez-Salvador et al., (2020), who noted that CNC’s rigid and crystalline nature can lead to
a less uniform surface, especially at higher concentrations.

The Rz values further support this trend, with CNF displaying more stable and lower extreme
surface variations compared to CNC. At higher concentrations (30%), CNC resulted in greater
peaks and valleys on the surface, as evidenced by its higher Rz value. These results align with
the study by Lourengo et al., (2019), which found that CNC can create a rougher surface due
to its inability to conform to the fibrous structure as readily as CNF. In contrast, CNF’s
flexibility and ability to entangle with paper fibers allow for a more uniform and smooth surface
finish, a characteristic emphasized by Guan et al., (2019) in their analysis of nanocellulose
applications in paper coatings.

In line with these observations, CNF appears to be the more appropriate choice when
minimizing surface roughness is the primary objective, particularly for applications like
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packaging or printing, where smooth surfaces are essential. CNC, while valuable in reinforcing
mechanical properties, may not perform as well in reducing roughness, especially at higher
concentrations. These results emphasize the need to carefully select nanocellulose both the
types and concentrations based on the specific performance requirements of the end product.
The Pearson correlation analysis reveals a weak negative correlation between CNF
concentration and Ra (-0.325), suggesting that increasing CNF concentration slightly reduces
surface roughness, which supports findings by Perdoch et al., (2022), who observed similar
reductions in roughness with increased CNF content.

The Taguchi analysis confirmed that 30% CNF yielded the lowest S/N ratios for surface
roughness, indicating optimal printability at this concentration. The Ra values were reduced by
20% at 30% CNF compared to the control, showing that CNF effectively fills micro-voids and
improves surface uniformity, an essential factor for applications requiring high-quality
printing. This observation aligns with the work of Ozcan et al., (2021), who found that CNF’s
ability to reduce surface roughness makes it an ideal additive for improving printability in
coated papers. CNC, on the other hand, exhibited a weaker negative correlation with Ra values
(r =-0.325, p > 0.05), and the Taguchi analysis indicated that its effect on surface roughness
was minimal across all concentration levels. The S/N ratios did not show significant
improvement with increasing CNC concentrations, reinforcing the conclusion that CNF is the
superior additive for improving surface smoothness and printability.

CONCLUSIONS

This study systematically evaluated the effects of cellulose nanofibrils (CNF) and cellulose
nanocrystals (CNC) on the mechanical, optical, and surface properties of recycled newspaper,
identifying the most effective concentrations for enhancing specific performance metrics. The
findings highlight that CNF at a 20% concentration provides the most balanced improvement
by significantly enhancing tensile strength, tear resistance, brightness, and reducing
yellowness, making it a promising additive for applications requiring both durability and visual
quality. Additionally, CNF substantially improved surface smoothness, which is particularly
beneficial for printing and high-quality packaging applications. In contrast, CNC was most
effective in improving burst strength at a 10% concentration but exhibited adverse effects on
whiteness and brightness, limiting its suitability for applications where optical and surface
quality are critical. While both nanocellulose types improved mechanical properties, CNF
demonstrated a greater overall impact, positioning it as the more versatile and industrially
relevant option for enhancing recycled newspaper quality.

From an industrial perspective, the economic feasibility of incorporating nanocellulose at high
concentrations is a critical factor, as large-scale implementation requires a balance between
performance gains and cost-effectiveness. While the study examined concentrations up to 30%,
a more practical range for industrial implementation would be 5-15%, particularly for CNF,
which provided notable improvements even at lower dosages. Furthermore, nanocellulose
retention within the fiber network plays a crucial role in maximizing its reinforcing potential,
and future studies should explore strategies such as optimized pulp chemistry, modifications to
retention aids, or hybrid reinforcement approaches to enhance efficiency. Overall, CNF
emerged as the superior nanocellulose type for improving mechanical, optical, and surface
properties, while CNC, despite its benefits for burst strength, is better suited for applications
where mechanical resilience is the primary concern. These findings provide valuable insights
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into the scalable and cost-effective use of nanocellulose in recycled paper production,
contributing to the advancement of sustainable and high-performance paper materials.
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OZET: Peyzaj calismalarinda kullanilan, su istegi yiiksek bitki secimleri ve yogun olarak
olusturulan ¢im alanlar; kiiresel 1sinma ve kurakligin ¢cok fazla etkisinin yasandigi bu dénemde,
siirlt su kaynaklarinin tizerindeki baskiy1 arttirmaktadir. Bundan dolay1 asir1 sulama isteyen
klasik peyzaj yaklasimi gibi yaklasimlarin aksine daha az su kullanimi gerektiren kurakeil
peyzaj (Xeriscape) benzeri peyzaj yaklagimlarina ihtiya¢ duyulmaktadir. Bu ¢alismada Igdir
Universitesi Sehit Biilent Yurtseven Yerleske’sinde bulunan bitkilerin kurak¢il peyzaj
acisindan incelenmesi hedeflenmistir. Bu baglamda c¢alisma sahasinda kullanildig1 belirlenen
82 bitki taksonunun bilimsel adlar1 ve Tiirkge isimleri aciklanarak, bu taksonlar; yaprak tip1,
yasam formu, yaprak durumu ve su istegi acisindan ele alinmistir. Yapilan degerlendirmeler
sonucunda calisma sahasinda belirlenen 82 bitkiden; % 56 (48 takson) oraniyla aga¢ ve
agacciklar en biiyiik grubu olusturmus, % 39 (32 takson) oraniyla calilar ve % 5 (4 takson)
orani ile sarilicilar bunu takip etmistir. Belirlenen bitki sayisinin 26’sinin dogal, 56’sinin ise
egzotik oldugu ve bu bitkilerden % 62’sinin (51 takson) yaprak doken, % 38’inin (31 takson)
ise herdem yesil oldugu tespit edilmistir. Ayrica su istegi az olan 10 takson, su istegi az-orta
olan 31 takson ve su istegi orta olan 28 bitki taksonu belirlenmistir. Yerleskedeki ¢im
alanlarinin ve ¢im karistminin kurakeil peyzaj agisindan uygun olmadigi belirlenmistir. Sonug
olarak dogal taksonlarin sayist ve su istegi az olan bitkilerin tercih edilmesi ve yogun ¢im
alanlar1 yerine uygun yer oOrtiicii taksonlarin kullanilmasi kurakeil peyzaj acisindan uygun
olacagi sonucuna varilmistir. Ayrica bu c¢alismanin; siirdiiriilebilir yesil kent dokusunun
olusturulmasina katkida bulunmak amaciyla kurake¢il peyzajin temel ilkelerini benimseyen
kuraga dayanikli, bolge ekolojisine uygun alternatif bitki taksonlar1 ve sulama ile ilgili 6neriler
sunularak, yapilmasi planlanan diger kurak¢il peyzaj ¢alismalarina yon vermesi
ongoriilmektedir.

Anahtar kelimeler: Igdir iiniversitesi, kurak¢il peyzaj, dogal bitkiler.
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EVALUATION IN TERMS OF XERISCAPE IN IGDIR UNIVERSITY
SEHIT BULENT YURTSEVEN CAMPUS

ABSTRACT: In this period of global warming and drought, the selection of plants with high
water demand and intensively created grass areas used in landscaping works increase the
pressure on limited water resources. Therefore, in contrast to approaches such as classical
landscaping approaches that require excessive irrigation, there is a need for landscape
approaches such as arid landscaping (Xeriscape) that require less water use. In this study, it
was aimed to examine the plants in Igdir University Sehit Biilent Yurtseven Campus in terms
of arid landscape. In this context, the scientific names and Turkish names of 82 plant taxa used
in the study area were explained and these taxa were examined in terms of leaf type, life form,
leaf condition and water demand. As a result of the evaluations made, of the 82 plants identified
in the study area; trees and shrubs constituted the largest group with 56% (48 taxa), followed
by shrubs with 39% (32 taxa) and vines with 5% (4 taxa). It was determined that 26 (26 taxa)
were native and 56 (56 taxa) were exotic and 62% (51 taxa) of these plants were deciduous and
38% (31 taxa) were evergreen. In addition, 10 taxa with low water demand, 31 taxa with low-
medium water demand and 28 plant taxa with medium water demand were identified. It was
determined that the grass areas and grass mixture in the campus are not suitable for arid
landscaping. As a result, it was concluded that the number of natural taxa and the preference
of plants with low water demand and the use of suitable ground cover taxa instead of dense
grass areas would be appropriate in terms of arid landscape. In addition, it is envisaged that
this study will give direction to other arid landscaping studies planned to be carried out by
presenting suggestions on alternative plant taxa and irrigation, which adopt the basic principles
of arid landscaping in order to contribute to the creation of a sustainable green urban fabric.

Keywords: Igdir university, xeriscape, natural plants.

GIRIS

Dogal kaynaklarin asir1 tiiketimi, savurgan sekilde kullanimi ve asir1 baskilardan dolay1 doga,
kendini yenileyemeyecek duruma gelmistir. Kaynaklarin hor kullanimi ve ¢evre kirliligi gibi
kiiresel sorunlar, doganin kendini tamir etmesi ile yeniden dogmasi siirecinin zaman alacagini
ve bu siirecin her bolgeye 0Ozgii farkliliklar gosterecegini ortaya koymaktadir. Ayrica,
glinlimiiziin ¢cevresel sorunlarinin gelecekteki nesiller iizerinde de uzun siireli etkiler birakacagi
aciktir. Bu nedenle, derhal ¢6ziim yollar1 gelistirilmesi ve bu ¢oziimlerin hizli bir sekilde
uygulanmas1 gerektigi vurgulanmaktadir (Atil et al., 2005).

Kiiresel 1sinma ve g¢evresel sorunlar nedeniyle dogal kaynaklarimizdan olan kullanilabilir su
giderek azalmaktadir. Mevcut kaynaklara erigim, diinyanin her yerindeki insanlar1 etkileyen
bir sorundur. Su kitligi, su kaynaklarinin gelisigiizel kullaniminin bir sonucu olarak ortaya
cikmaktadir. Tiim canlilarin yasamsal faaliyetlerini siirdiirebilmeleri i¢in birincil ihtiyag olan
suyun degeri her gegen giin artmaktadir. Bunun sonucu olarak artik hayatimizda yesil altyapi,
su tasarrufu, geri doniisiim ve yeniden kullanim gibi yeni ve cagdas uygulamalar yer almaktadir
(Altay & Uslu, 2022).

Son dénemde yasanan kurakligin yesil alanlar iizerinde biiyiik bir etkisi olmustur. Ornegin
geleneksel peyzaj yaklagimlarinda bitkilerin ihtiya¢ duydugu su miktar1 kuraklik nedeniyle
karsilanamaz hale geldiginden bitki taksonlar1 ve trettikleri yesil goriintii biiyiik olgiide
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kaybolmustur. Sadece birkag bitki tliriiniin kuraklik sirasinda bitkisel 6zelliklerini korudugu
tespit edilmistir. Bu durum biiyiik ¢im alanlarin ve ¢ok su isteyen bitkilerin kullanildig1 peyzaj
calismalariyla ¢elismektedir. Bu nedenle “Xeriscape” gibi ¢ok Oonemli bir yontem peyzaj
mimarlig1 arastirmalarinda giderek daha popiiler hale gelmistir. (Yazgan & Ozyavuz 2008).
Sehirlerdeki ana 6zelliklerden biri olan peyzaj, azaltilmasi gereken biiylik miktarda su talep
eden ve ayni1 zamanda sehirlerin giizelligini kaybetmeden su tasarrufu saglayan en onemli
kullanim olarak kabul edilir. Siirdiiriilebilirligini garanti altina almak i¢in peyzaj tasariminda
su tasarrufu saglamak iizere olusturulabilecek bir¢ok kavram vardir. Bu kavramlardan en
bilineni, 6zellikle kurak bolgelerde su tasarrufu saglamak icin ana ilkeleri uygulanarak
gergeklestirilebilecek olan kurakgil peyzaj olan “xeriscape’dir (Al Halim, 2020).

Kurakgeil peyzaj, suyun etkin bir sekilde kullanilmasin1 saglayan yerel bitki taksonlarinin tercih
edilmesi, topragin su tutma kapasitesinin artirilmasi, yerel iklim kosullarina uygun peyzaj
unsurlarmin  secilmesi gibi ¢esitli stratejilerle sekillenir. Bu tlir peyzaj tasarimlari,
stirdiiriilebilirlik ve ¢evre dostu uygulamalari benimsemesiyle gliniimiiziin peyzaj mimarligi
icin dnemli bir alan haline gelmistir. Ayrica, kurakeil peyzaj, sehirlerin su kaynaklarini koruma
cabalarina katkida bulunarak, suyun daha verimli kullanilmasi ve ¢evreye olan etkilerin
azaltilmas1 agisindan biiyiik bir potansiyele sahiptir.

Peyzaj mimarliginda var olan su kaynaklarinin verimli ve geri doniisiimlii olarak kullanimini
benimseyen, su tasarruflu bir peyzaj yaklasimi olan Xeriscape kavrami iizerine ¢aligmalar
yapilmaya baslanmistir. Kurakliga dayanikli peyzaj diizenlemesinde 7 ilke benimsenmis olup,
bu ilkelerden, uygun bitki tiirlerinin se¢imi ve kurakliga dayanikli ¢im alanlarin olusturulmasi
en onemli ilkelerdir. Yesil alanlarin stirdiiriilebilirligini saglamak i¢in bitki se¢imi yapilirken
iklim kosullar1 basta olmak {izere bdlgenin dogal yap: 6zelliklerinin bitkiler lizerindeki etkileri
g0z oniinde bulundurulmalidir (Cetin & Mansuroglu, 2018).

Xeriscape tarzi peyzajin, suyun daha etkin ve verimli kullanilmasini, zaman ve ekonomik
olarak tasarruf saglayan 7 prensibi bulunur. Bunlar; a) Uygun planlama ve projelendirme, b)
Toprak hazirlig1 (Topragin su tutucularla desteklenmesi), ¢) Uygun bitki se¢cimi (Dogal ve
kurakliga uygun bitkilerin tercih edilmesi), d) Cim sahalarinin olusturulmasi, e) Etkin sulama,
f) Mal¢ uygulamasi, g) Uygun bakimdir (Corbaci et al., 2011).

Bu ilkeler baglaminda bitkilerin su ihtiyacini en aza indirmek ya da c¢esitli yontemlerle su
tasarrufu saglamak, suyun daha az kullanilmasini saglar. Daha az su kullanimi ileride
olusabilecek kuraklik sorununu ortadan kaldirir ve su ihtiyacini azaltir. Caligmalarda yer alacak
bitkilerin kurakliga dayanikli olmas1 kurakgil peyzaj icin ¢ok dnemlidir (Aksoy et al., 2022).
Kurakeil peyzaj ¢alismalarinda etkin ve verimli sulama saglamak i¢in bdlgelemeye uygun
sulama sistemlerinin kullanimi biiyiik 6nem tasir. Basingli tam veya yar1 otomatik sulama,
damla sulama ve yagmurlama sistemleri, bu tiir projelerde tercih edilmelidir. Zorunlu
durumlarda ise kontrollii manuel sulama yapilabilir, ancak vahsi sulamadan kagiilmalidir.
Yapay zeka teknolojilerinin gelisimiyle, bitkilerin su talepleri belirlenerek uygun zaman ve
miktarda su verilmesi saglanabilmektedir. Sulama, bolge ve iklim kosullarina gore degisiklik
gostermekle birlikte, yaz aylarinda 1-2 giin arayla, kis aylarinda ise 7-10 gilinde bir yapilmali,
suyun kok sistemlerine daha hizli ulagsmasi ve buharlasma kayiplarinin 6nlenmesi amaciyla
sabah erken saatlerde, aksam ya da gece saatlerinde gergeklestirilmelidir. Bu yontemler,
kurakgil peyzaj ¢alismalarinin verimliligini artirmada kritik bir rol oynamaktadir (Corbac1 &
Ozyavuz, 2024). Bundan dolay1 peyzaj mimarhig1 ¢alismalarinda ¢ok su isteyen bitkiler yerine
az su isteyen bolgeye uygun dogal taksonlarin seg¢ilmesi, bitki taksonlarmin su
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gereksinimlerinin dikkate alinmasi, her bitki i¢in uygun sulamanin saglanmasi ve genis ¢im
alanlarimin tercih edilmesi yerine daha az su isteyen yer Ortiiciilerin secilmesi gibi bir¢ok
yaklagim ortaya atilmistir (Oguztiirk & Bayramoglu, 2020; Cilek, 2022; Kavuran & Yilmaz,
2022).

Bu ¢aligmanin amact, Igdir Universitesi Sehit Biilent Yurtseven Yerleske’sinde peyzaj projesi
kapsaminda dikilen bitkilerin kurak¢il peyzajin 7 ilkesinin i¢inde yer alan bitki se¢imi ve etkin
sulama acisindan degerlendirilmesidir. Kurakeil peyzaj agisindan yerleske alani toprak,
hidroloji ve iklim agisindan incelenmis, kurakgil peyzaj ile ilgili veriler elde edilmis, detayli
bir kaynak taramasi yapilmis, farkli faktorlere gore bitki listesi hazirlanmis, yorumlanmis ve
bazi Onerilerde bulunulmustur. Ayrica bu c¢alismanin benzer ekolojik ozelliklere sahip
alanlarda  gerceklestirilmesi planlanan diger kurake¢il peyzaj tasarimlarinda su
yonetilebilirliginin saglanmasi ile estetik ve fonksiyonel peyzaj uygulamalarina yol gosterici
olmasi hedeflenmistir.

MATERYAL VE YONTEM

Bu calismanin ana materyalini 2017-2025 yillar1 arasinda Igdir Universitesi Sehit Biilent
Yurtseven Yerleske’sinde acik yesil alanlarina Peyzaj Projesi kapsaminda dikimi ve bakimi
yapilan ve 8 yil igerisinde agamali olarak adaptasyonu saglanmis peyzaj tasariminda kullanilan
bitkiler olusturmaktadir. Calismalar i¢in diizenli olarak her mevsimde yerleske alaninda
gozlemler yapilarak spor alanlar, refiijler, giris diizenlemeleri, rekreasyon alanlari, oturma-
dinlenme alanlarindaki peyzaj tasariminda kullanilan bitkiler yerinde incelenmis ve diizenli
bakimlar1 yapilmstir.

Calisma Alam

Igdir’da bulunan ilk yiiksekogretim kurumu, Kars Kafkas Universitesi’ne bagl 1gdir Meslek
Yiiksekokulu olup 1995 yilinda kurulmustur. 2006 yilinda Kafkas Universitesine bagli olarak
Igdir Ziraat Fakiiltesi kurulmus ve ardindan 2008 yilinda Igdir Universitesi adi altinda bagimsiz
bir iiniversite kurularak diger birimler buraya baglanmistir. 2014 yilinda ise Igdir Universitesi
Sehit Biilent Yurtseven Yerleske’si hizmet vermeye baslamistir. Yerleske icerisinde ¢cok sayida
bina tesis edilmis ve bu alanlarin peyzaj projesi tamamlanip hizmete sunulmustur. Igdir
Universitesi Sehit Biilent Yurtseven Yerleske’sinin 2016 yilinda baslanan peyzaj projesi 2020
yilinda tamamlanmigtir (Sekil 1).

Yapilan toprak analizi ve gozlemler neticesinde yerleske bolgesinin tasli-cakilli bir yapiya
sahip oldugu belirlenmistir. Bundan dolay1 peyzaj alanindan yaklasik 5 km uzaklikta Karakuyu
olarak bilinen kdyiin kenarindan gegen Devlet Su Islerine bagl kanallarin temizligi yapildig1
sirada kenara birakilan birikinti toprak taginarak, alanin peyzaj ¢calismasinda iyilestirici olarak
kullanilmistir.

Igdir’da 1941 - 2023 arasinda ortalama en yiiksek sicaklik; Haziran ayinda 29.6°C, Temmuz
ayinda 33.4°C, Agustos ayinda 33.2°C ve Eyliil ayinda 29.0°C’ dir. Aylik toplam yagis miktar1
ortalamasi ise Haziran aymnda 31.5 mm, Temmuz ayindal3.9 mm, Agustos ayinda 9.5 mm ve
Eyliil ayinda 11.2 mm’dir (MGM, 2024). Igdir’da yapilan ¢alismalarda yagis miktarinin diisiik
oldugu ve Tiirkiye'nin en az yagis alan ili olarak belirlenmistir. Yapilan degerlendirmelerde
farkli metotlara gore kurak ve yar1 kurak ozellikler gostermektedir. Bundan dolay1 peyzaj
calismlarinda ve tarim faaliyetlerde sulamay1 6nemli hale getirmektedir (Karaoglu, 2011).
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Sekil 1. Igdir Universitesi Sehit Biilent Yurtseven Yerleske’sinden Genel Goriiniim

Yontem

Arastirmada, Igdir Universitesi Sehit Biilent Yurtseven Yerleske’sinde bulunan peyzaj projesi
kapsaminda dikilen bitkiler kurake¢il peyzaj agisindan degerlendirilmistir. Bu amagla 2017-
2025 yillar1 arasinda gbzlem ve bakimi yapilan ayrica ¢aligma materyali olarak kabul edilen
peyzaj tasariminda kullanilan bitkiler i¢in 3 agsamali bir yontem tercih edilmistir.

IIk olarak alanin dogal yapisal ozellikleri (toprak, hidroloji ve iklim) ele alinmistir. Bu
kapsamda toprak analizi yapilarak, bolgenin toprak yapisit hakkinda on bilgi elde edilmistir.
Ikinci asama olarak; Davis (1965-1988), Akkemik (2014a) ve Akkemik (2014b) tarafindan
yapilan ¢aligmalar 15181nda, sertifika bilgileri dikkate alinarak yerinde karsilastirma ve tespiti
yapilan taksonlara ait fotograflar cekilmis, bitkilerin dogrulugu kayit altina alimmustir. Ugiincii
asamada ise yagam formlari, yaprak durumlari, yaprak tipleri, bitki taksonlar1 ve su istekleri;
Baykan & Birisci (2013), Yazici et al., (2014), Bayramoglu (2016), Cengiz et al., (2017),
Kisakiirek et al., (2020), Corbaci & Bayramoglu (2021), Corbaci & Ekren (2022), Corbact &
Ozyavuz (2024) ve Giir & Kahraman (2024) tarafindan yapilan ¢alismalar 15181nda tespit
edilmis ve tablolar hazirlanmistir. Bitkiler agac, agaceik, ¢ali, sarmasik ve ¢cimler olmak iizere
4 baghk altina alinarak su istekleri analiz edilmistir. Son olarak, kurakeil peyzaj
uygulamalarinin uygunlugunu belirlemek i¢in bitkilerin su ihtiyaclari g6z Oniinde
bulundurulmustur. Su istekleri az, az/orta ve orta seviyede olan bitkiler, kurake¢il peyzaj igin
uygun olarak kabul edilirken, su ihtiyac1 orta/cok veya ¢ok seviyede olan bitkiler bu uygulama
i¢in uygun goriilmemistir. Ardindan, yerleskede kullanilan sulama sistemleri gozlem yoluyla
ve yerinde tespitler yapilarak kurake¢il peyzajla uyumlulugu belirlenmistir. Caligma sonunda,
arastirma sahasinin kurak¢il peyzaj prensiplerine uygunlugu, hem bitki taksonlar1 hem de
sulama sistemleri agisindan incelenmis ve buna gore Oneriler gelistirilmistir.
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BULGULAR

Igdir Universitesi Sehit Biilent Yurtseven Yerleske’sinin peyzaj projesi kapsaminda yapilan
otomatik sulama projesinde yer alan 1000 m?® kapasitesinde 3 adet peyzaj deposu yapilmis ve
bitkilerin su ihtiyaglari bu depolardan karsilanmistir. Sondajlarla yerleskenin ana deposuna
alinan ham yer alt1 suyu oradan ana hatlar yardimiyla bu peyzaj depolarina dagilmaktadir.

Yerleske bolgesi otomatik sulama projesi kapsaminda; 3 sulama bolgesine ayrilmis, her
deponun manevra odasina “ACC-99D Decoder” otomatik sulama sistemleri kurulmus, 03:00
ve 18:00 saatlerinde olmak tizere giinde iki kez calisacak sekilde ayarlanarak sulama
yapilmistir. Cal1 ve sarilicilar ile ¢im alanlarinin disinda dikilen agaclar damlama sistemleriyle
sulanirken, ¢im alanlar1 ve ¢im alanlarinda dikilen agaglar alanin kullanim durumuna gére rotor
ve sprink sistemleriyle sulanmaktadir. Sistemin istenilen saate sulamaya imkan vermesinden
dolay1 serin saatlerde sulamanin yapilabilmesi kurak¢il peyzaj agisindan avantajli bir
durumdur.

Karakuyu civarindan getirilen aliiviyal topraktan alinan Ornekte yapilan analizin sonucu
dikkate almarak Igdir Universitesi Sehit Biilent Yurtseven Yerleske’sine tasinmis ve hem ¢im
alanlar1 olusuturalcak parterlere serilmis hem de agac, cali ve sarmasiklarin dikiminde dikim
toprag1 olarak kullanilmistir. Ayrica yerleske alanindan alinan toprak Ornekleri de analiz
edilmis ve her iki topragin sonuglar1 dikkate alinarak (Tablo 1) glibreleme islemleri yapilmigtir.

Tablo 1. Taginan Toprak ve Serilen Alanda Yapilan Toprak Analizleri

Arazi ve Uriin Analiz Tipi Sonu¢ Durumu Arazi ve Uriin Analiz Tipi Sonug Durumu
Bilgileri Bilgileri
Potasyum (K20) kg/da  211,7963 Yiiksek Potasyum (K20) kg/da  103,3373 Yiiksek
Fosfor (P205) kg/da 6,3147 Orta Fosfor (P205) kg/da 0,4065 Cok Az
Kireg (%) 16,5771 Fazla Kiregli Kire¢ (%) 8,3333 Orta Kiregli
KARAKUYU Organik Madde (%) 1,7647 Az Yerleske Organik Madde (%) 0,8786 Cok Az
(Tasman Toprak) ToplamTuz (%) 0,0617 Tuzsuz (Peyzaj Alani) ToplamTuz (%) 0,0103 Tuzsuz
pH 8,59 Kuvvetli Alkali pH 8,8 Kuvvetli Alkali
Saturasyon (%) 79,02 Killi Saturasyon (%) 60,885 Killi Tinlt

Igdir Universitesi Sehit Biilent Yurtseven Yerleske’sinde yapilan ¢alisma neticesinde
belirlenen agag, agageik, cali ve sarilicilarin; bilimsel adlari, Tiirk¢e isimleri, yasam formlari,
yaprak durumlari, yaprak tipleri, bitki tiirleri ve suya gereksinimleri Tablo 2’de yer almistir.

Tablo 2. Arastirma Alaninda Tespit Edilen Bitki Taksonlarinin Ozellikleri (Baykan & Birisci
2013; Yazici et al., 2014; Bayramoglu, 2016; Cengiz et al., 2017; Kisakiirek et al.,
2020; Corbaci & Bayramoglu, 2021; Corbact & Ekren 2022; Corbaci & Ozyavuz
2024; Giir & Kahraman, 2024)

No Bitkinin Bilimsel Ad1 Tiirkgesi Bitki Yaprak Yaprak Tipi Yasam Su istegi
Tiirii Durumu Formu
AGAC VE AGACCIKLAR

1 Acer negundo L. Disbudak yaprakli Agag Yaprak Doken Genis Yaprakli Egzotik Orta
akcaagag

2 Acer negundo L. 'Flamingo' Alaca yaprakli Agag Yaprak Doken Genis Yaprakli Egzotik Orta
akcaagag

3 Acer pseudoplatanus L. Dag akcaagaci Agag Yaprak Doken Genis Yaprakli Dogal Orta

4 Acer saccharinum L. Glimiisi akcaagac Agag Yaprak Doken Genis Yaprakli Egzotik Orta-Cok

5 Aesculus hippocastanum L. Beyaz ¢icekli Agag Yaprak Doken Genis Yaprakli Egzotik Orta
atkestanesi

6 Ailanthus altissima (Mill.) Swingle Kokar agac Agac Yaprak Doken Genis Yaprakli Egzotik Az

7 Betula pendula Roth. Sigilli hug Agag Yaprak Doken Genis Yaprakli Dogal Orta-Cok

8 Catalpa bignonioides Walt. Katalpa Agag Yaprak Doken Genis Yaprakli Egzotik Az-Orta

9 Cedrus deodora (Roxb.) Loud. Himalaya sediri Agag Herdem Yesil ibreli Egzotik Orta

10 Cercis siliquastrum L. Erguvan Agag Yaprak Doken Genis Yaprakli Dogal Orta

11 Cupressus arizonica Greene 'Glauca' Mavi servi Agac Herdem Yesil ibreli Egzotik Az

12 xCuprocyparis leylandii (A.B. Jacks. Leyland1 melez servisi Agag Herdem Yesil Ibreli Egzotik Orta

&Dallim.) Farjon
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13 Cupressus sempervirens L. Akdeniz servisi Agag Herdem Yesil Ibreli Dogal Az

14 Elaeagnus angustifolia L. Igde Agac Yaprak Doken Genis Yaprakli Dogal Az-Orta

15 Fraxinus angustifolia Vahl Dar yaprakli disbudak Agac Yaprak Doken Genis Yaprakli Dogal Orta

16 Fraxinus excelsior L. Adi digbudak Agac Yaprak Doken Genis Yaprakli Dogal Orta

17 Fraxinus ornus L.subsp. ornus Cigekli digbudak Agag Yaprak Doken Genis Yaprakli Dogal Orta

18 Ginkgo biloba L. Mabet agaci Agag Yaprak Doken Genis Yaprakli Egzotik Az

19 Gleditsia triacanthos L. Amerikan gladigyasi Agag Yaprak Doken Genis Yaprakli Egzotik Az-Orta

20 Koelreuteria paniculata Laxm. Giivey kandili Agag Yaprak Doken Genis Yaprakli Egzotik Az-Orta

21 Lagerstroemia indica L. Oya agact Agag Yaprak Doken Genis Yaprakli Egzotik Az-Orta

22 Ligustrum japonicum Thunb. Japon kurtbagr1 Agagetk  Herdem Yesil Genis Yaprakli Egzotik Az-Orta

23 Melia azedarach L. Tespih agaci Agag Yaprak Doken Genis Yaprakli Egzotik Az-Orta

24 Malus floribunda siebold ex. Van Siis elmas1 Agag Yaprak Doken Genis Yaprakli Egzotik Orta-Cok
Houtte

25 Picea abies L. Karst. Avrupa ladini Agag Herdem Yesil Toreli Egzotik Orta

26 Picea orientalis L. Dogu ladini Agag Herdem Yesil Ibreli Dogal Orta-Cok

27 Picea pungens Engelm. Mavi ladin Agag Herdem Yesil ibreli Egzotik Orta

28 Pinus brutia Ten. Kizilgam Agag Herdem Yesil Tbreli Dogal Az

29 Pinus mugo "Mops' Bodur dag ¢ami Agaceik  Herdem Yesil Ibreli Egzotik Orta

30 Pinus nigra J.F.Arnold Karagam Agag Herdem Yesil ibreli Dogal Az

31 Pinus nigra '"Pyramidalis’ Piramit karagam Agag Herdem Yesil Ibreli Dogal Az

32 Platycladus orientalis (L.) Franco Dogu mazist Agag Herdem Yesil Ibreli Dogal Az

33 Platanus orientalis L. Dogu ¢inari Agag Yaprak Doken Genis Yaprakli Dogal Orta-Cok

34 Populus nigra L. Karakavak Agag Yaprak Doken Genis Yaprakli Dogal Orta-Cok

35 Prunus cerasifera Ehrh. Kiraz erigi Agag Yaprak Doken Genis Yaprakli Egzotik Orta

36 Prunus cerasifera cv. 'Pissardi Nigra' Siis erigi Agag Yaprak Doken Genis Yaprakli Egzotik Orta

37 Prunus serrulata Lindl. 'Kanzan' Siis kirazi Agag Yaprak Doken Genis Yaprakli Egzotik Orta

38 Robinia hispida L. Pembe c¢igekli akasya Agag Yaprak Doken Genis Yaprakli Egzotik Az-Orta

39 Robinia pseudoacacia L. Yalanci akasya Agag Yaprak Doken Genis Yaprakli Egzotik Az-Orta

40 Robinia pseudoacacia L. Top akasya Agag Yaprak Doken Genis Yaprakli Egzotik Az-Orta
'Umbraculifera’

41 Salix babylonica L. Salkim sogiit Agag Yaprak Doken Genis Yaprakli Egzotik Cok

42 Salix caprea "Pendula’ Sarkik keci sogiidii Agaccik  Yaprak Doken Genis Yaprakli Dogal Cok

43 Salix nigra Marshall Kara sogiit Agag Yaprak Doken Genis Yaprakli Dogal Cok

44 Thuja occidentalis L. 'Smaragd' Smargat mazist Agag Herdem Yesil Ibreli Egzotik Cok

45 Tilia tomentosa Moench. Gilimiisi thlamur Agag Yaprak Doken Genis Yaprakli Dogal Az-Orta

46 Ulmus minor Mill. 'Umbraculifera' Top karaagag Agag Yaprak Doken Genis Yaprakli Dogal Orta
CALILAR

47 Abelia x grandiflora (Andre) Rehd. Giizellik galist Cali Herdem Yesil Genis Yaprakli Egzotik Orta

48 Berberis thunbergii DC. Kadn tuzlugu Cali Yaprak Doken Genis Yaprakli Egzotik Az-Orta
'Atropurpurea’

49 Buddleja davidii Franch Kelebek calist Cali Yaprak Doken Genis Yaprakli Egzotik Orta

50 Buxus sempervirens L. Yaygin simsir Cali Herdem Yesil Genis Yaprakli Dogal Cok

51 Chaenomeles speciosa (Sweet) Nakai Japonn ayvasi Cali Yaprak Doken Genis Yaprakli Egzotik Orta

52 Cornus alba L. 'Sibirica' Siis kizileigt Cali Yaprak Doken Genis Yaprakli Egzotik Orta-Cok

53 Cornus stolonifera Michx.'Flaviramea'  Sari govdeli kizileik Calu Yaprak Doken Genis Yaprakli Egzotik Orta-Cok

54 Cotoneaster coriaceus Franch Geg dag musmulast Cali Herdem Yesil Genis Yaprakli Egzotik Az-Orta

55 Cotoneaster horizontalis Decne Yayilici1 dag musmulast ~ Cali Yaprak Doken Genis Yaprakli Egzotik Az-Orta

56 Cotoneaster lacteus W.W.Sm. Biiyiik dag Musmulast Calt Herdem Yesil Genis Yaprakli Egzotik Az-Orta

57 Euonymus japonica Thunb. 'Aurea’' Altuni taflan Cali Herdem Yesil Genis Yaprakli Egzotik Az-Orta

58 Forsythia intermedia Zabel. Altin Canak Call Yaprak Doken Genis Yaprakli Egzotik Az-Orta

59 Gaura lindheimeri Engelm. & A.Gray Gavura ¢igegi Calu Yaprak Doken Genis Yaprakli Egzotik Orta

60 Hibiscus syriacus L. Mor ¢igekli hatmi Cali Yaprak Doken Genis Yaprakli Egzotik Az-Orta

61 Juniperus horizontalis Moench Stirtiniicti ardig Cali Herdem Yesil ibreli Egzotik Az-Orta

62 Juniperus sabina L. Sabin ardict Cali Herdem Yesil ibreli Dogal Az-Orta

63 Juniperus x.media Van Melle 'Mint Yesil ardig Cali Herdem Yesil Ibreli Egzotik Az-Orta
Julep'

64 Lavcljndula angustifolia Mill. Lavanta Cali Herdem Yesil Genis Yaprakli Dogal Az-Orta

65 Ligustrum ovalifolium Hassk. Oval yaprakli kurtbagr: ~ Cali Herdem Yesil Genis Yaprakli Egzotik Az-Orta

66 Ligustrum ovalifolium Hassk. var. Alacali kurtbagri Cali Herdem Yesil Genis Yaprakli Egzotik Az-Orta
Aureum

67 Lonicera nitida cv. Maigrun Bodur hanimeli Cali Herdem Yesil Genis Yaprakli Egzotik Orta

68 Photinia * fraseri Dress 'Little Red Alev galist Cali Herdem Yesil Genis Yaprakli Egzotik Orta
Robin'

69 Pyracantha angustifolia (Franch.) CK Dar yaprakli ates dikeni ~ Cali Herdem Yesil Genis Yaprakli Egzotik Az-Orta
Schneid

70 Pyracantha coccinea M. Roem. Kizil ates dikeni Calt Herdem Yesil Genis Yaprakli Dogal Az-Orta

71 Rosa meilland L. Meyland Giili Cali Yaprak Doken Genis Yaprakli Dogal Orta

72 Spiraea x vanhouttei (Briot) Zabel. Beyaz ¢igekli ispirya Calt Yaprak Doken Genis Yaprakli Egzotik Orta

73 Symphoricarpos albus (L.) S. F. Blake Inci calist Cali Yaprak Doken Genis Yaprakli Egzotik Az-Orta
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74 Syringa vulgaris L. Leylak Cali Yaprak Doken Genis Yaprakli Egzotik Az-Orta
75 Thuja orientalis L. 'Compacta Nana' Top mazi Calt Herdem Yesil Ibreli Egzotik Az
76 Viburnum opulus L. Kartopu Cali Yaprak Doken Genis Yaprakli Dogal Orta
77 Viburnum tinus L. Defne yaprakl kartopu Cali Herdem Yesil Genis Yaprakli Dogal Az-Orta
78 Weigela floribunda (Sieb. & Zucc.) K. Vangelya Calt Yaprak Doken Genis Yaprakli Egzotik Orta
Koch.
SARILICILAR
79 Campsis radicans L. Acem borusu Sarilic Yaprak Doken Genis Yaprakli Egzotik Az-Orta
80 Lonicera japonica Thunb. Japon hanimeli Sarilict Yaprak Doken Genis Yaprakli Egzotik Az-Orta
81 Parthenocissus quinquefolia (L.) Amerikan sarmagig1 Sarilict Yaprak Doken Genis Yaprakli Egzotik Az
Planch.
82 Wisteria sinensis DC. Mor salkim Sarilict Yaprak Doken Genis Yaprakli Egzotik Orta

Calisma kapsaminda, yerleske alaninda toplam 82 bitki taksonu belirlenmistir. Bu taksonlarin
46’s1 agag-agaccik, 32°si cali ve 4’l sarilicidir (Sekil 2). Tespit edilen bitkilerin yaprak
durumlarina bakildiginda 31'inin herdem yesil 51'inin ise yaprak doken olarak belirlenmistir
(Sekil 3). Yaprak tiplerine bakildiginda 17’sinin ibreli ve 65’inin de genis yaprakli oldugu
gorlilmiistiir (Sekil 4). Calisma alanindaki bitkilerin yagam formlarma bakildiginda ise 56
bitkinin egzotik ve 26 bitkinin de dogal bitkilerden oldugu belirlenmistir (Sekil 5).

BiTKi TURU

W Agac ve
Agacgiklar

399 Calilar

u Sarilicilar

YAPRAK DURUMU

Herdem Yesil
M Yaprak Doken

Sekil 2.Bitki Tiirleri Sekil 3. Bitkilerin Yaprak Durumlari
YAPRAK TiPi YASAM FORMU
ibreli ®Genis yaprakli Dogal mEgzotik

21%

Sekil 4.Bitkilerin Yaprak Tipi

Sekil 5. Bitkilerin Yasam Formlari

Igdir Universitesi Sehit Biilent Yurtseven Yerleskesinde yapilan ¢alisma sonucunda belirlenen
82 bitki taksonunun su ihtiyaglar incelendiginde (Sekil 6) 10 bitkinin az, 31 bitkinin az-orta,
28 bitkinin orta, 8 bitkinin orta-gok ve 5 bitkinin ¢ok su ihtiyacina sahip oldugu tespit
edilmistir.

148



Tik, R. & Kaya, T. / Turkish Journal of Forest Science 9(1) 2025: 141 -156

30

25

25

20

15

10

z Az-Orta

TAKSONLARIN SU iSTEKLERI

20
8
6
55
4 4

5

nl I [T
. im

A

Orta Orta- Cok

Cok

® Dogal Taksonlar

m Egzotik Taksonlar

Sekil 6. Yerleskede Tespit Edilen Bitkilerin Su Istekleri

Dogal ve egzotik taksonlarin su isteklerine bakildiginda ise 26 dogal bitkiden; 5 bitkinin az, 6
bitkinin az-orta, 8 bitkinin orta, 4 bitkinin orta-¢ok ve 3 bitkinin su isteginin ¢ok oldugu
belirlenmistir. Egzotik bitkilerin su isteklerine bakildiginda ise 56 bitkiden; 5 bitkinin az, 25
bitkinin az-orta, 20 bitkinin orta, 4 bitkinin orta-cok ve 2 bitkinin ¢ok su istegine sahip oldugu
calisma sonucunda goriilmektedir.

Igdir Universitesi Sehit Biilent Yurtseven Yerleske’sinde yapilan calisma neticesinde ¢im
taksonlar tespit edilmis ve 4’1l karisim tercih edildigi belirlenmistir (Sekil 7). Belirlenen ¢im
taksonlarinin karisim oranlari, bilimsel adlari, Tirkge adlar1 ve su istekleri Tablo 3’de
verilmistir. Serin iklim ¢im taksonlarinin kullanildigi ve ¢im alan miktarinin ¢ok fazla oldugu

belirlenmistir.

Tablo 3. Arastirma Alaninda Tespit Edilen Yer Ortiiciilerin Ozellikleri (Karaca & Kusvuran,
2012; Yazic et al., 2014; Kisakiirek et al., 2020; Aksoy et al., 2022)

Yerleskedeki Cim No Bitkinin Bilimsel Adx Tiirkce Ad1 Bitki Su
Alan Miktan Tiirii  Istegi

1 Lolium perenne L. %25 Ingiliz ¢imi Cim  Yiksek

Festuca rubra rubra L. Kirmizi yumak Cim Az

167.000 m? ’ 7020

LUum 3 Poa pratensis L. %5 Cayir salkim otu Cim  Yiksek

4 Festuca arundinacea Kamigst yumak Cim Az

Schreb. %50
5.745 m? 5 Festuca ovina L. 'Glauca' Mavi yumak Cim Az
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Sekil 7. Cim Alanlardan Bir Goriiniim

TARTISMA

Yerleske alaninda kurakgil peyzaj yaklasimina uygun agag-agaccik, ¢ali ve sarilici taksonlarin
oran1 % 84 oldugu tespit edilmistir. Ayrica egzotik taksonlarin yogun olarak kullanilmasi
kurakg¢il peyzaj agisindan istenmeyen bir durum olmakla birlikte, kullanilan egzotik tiirler
arasinda su istegi az olan bitkilerin tercih edilmesi olumlu bir yaklasim olarak
degerlendirilmistir. Ancak dogal tiirlerin sayisinin arttirlmas1 da ayrica gereklidir. Clinkii
sadece su agisindan degil; giibre takviyesi, budama ve yabanci ot temizligi gibi genel bakim
durumlarinda da dogal tiirlerin sagladiklar1 avantajlar daha fazladir. Giir & Kahraman (2024)
yaptiklari ¢alismada Sanliurfa kent yapisinda degerli bir yere sahip olan bazi tarihi ve kiiltiirel
alanlar1 kurakeil peyzaj agisindan degerlendirmislerdir. Yapilan incelemelerde kurakgil peyzaj
yaklagimina uygun tiir oraninin % 35 oldugunu tespit etmislerdir. Alanlarda kullanilan Atriplex
halimus L. ve Berberis thunbergii DC. bitki taksonlarinin kurakgil peyzaj i¢in uygun oldugunu
tespit etmislerdir. Kurakeil peyzaj yaklasimlarina uygun olmayan bitki tiirlerinin Sanlurfa ili
florasinda var olan dogal bitki tiirleri ile kullanilmasi, alandaki kurakc¢il peyzaja uygun tiir
sayisint artirilabilir.  Elde edilen kombinasyonlarin su tliketiminin azaltilmasint ve
siirdiirtilebilir peyzaj tasarimlarinin gerceklestirilmesini saglayabilecegini one siirmiislerdir.

Corbact et al., (2011a) yaptiklar1 bir calismada; kurakcil peyzaj calismalarinin yapilacagi
alanda toprak analizi yaparak alanin hangi tiir bitkiler i¢in uygun oldugunun tespit edilmesi,
toprak analizi sonucunda topragin iyilestirilmesi gerekiyorsa organik madde takviyesi
yapilmasi, sulama ve drenaj sistemi kurulmadan ve dikim yapilmadan Once topragin
iyilestirilmesi gerektigi dnerisinde bulunmuslardir. Calismamizda yapilan toprak analizleri ve
saha gozlemlerine gore; yerleske sahasinin verimsiz, taglik ve kurak bir alandan olustugu,
topragin su tutucu materyaller ve yeteri kadar mineral giibre icermedigi, bu yonleri ile destege
muhta¢ oldugu degerlendirilmistir. Sulama sistemlerinin yeterli kapasitede kuruldugu ancak
mineral ve organik giibre takviyesinin yapilmasinin da son derece dnemli oldugu goriilmiistiir.

Calismanin yiiriitildiigli yerleske alaninda, peyzaj sahasinin su ihtiyaci yapilan otomatik
sulama projesi kapsaminda, ii¢ farkli depoda kurulan otomatik sulama sistemleriyle
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karsilanmaktadir. Bu sistem, bir otomatik sulama firmasi tarafindan kurulmus olup, sekiz yildir
kesintisiz olarak igletilmektedir. Yerleskedeki sulama sistemi, iiniversitenin Yesil Alan
Koordinatorliigii tarafindan diizenli olarak bakim ve yonetimi yapilmaktadir. Sistem, etkin ve
verimli sulama kriterlerini karsilayacak sekilde tasarlanmig, kurulmus ve yOnetilmistir.
Tasarim, kurulum, yonetim ve bakim asamalari, sulama etkinligini maksimize etmek ve su
kullanimin1 optimize etmek amaciyla titizlikle planlanmis ve uygulanmigtir. Bu kapsamli
yaklasim, sulama sisteminin stirdiiriilebilirligini saglamakta ve {iniversitenin peyzaj alanlarmin
saglikli bir sekilde korunmasina katki sunmaktadir. Calisma alanimizda kullanilan sulama
teknigi ve ekipmanlar, literatiirde &nerilen yaklasimlarla uyumlu olup (Corbact & Ozyavuz
2024), suyun verimli kullanimini ve peyzajin siirdiiriilebilirligini desteklemektedir.

Bayramoglu et al., (2012) damla sulama sistemlerinin peyzaj alanlarinda 6zellikle son yillarda
suyu daha faydali kullanmak amaciyla tercih edildigini belirtmislerdir. Yerleske de ¢ali ve
sartlicilar ile ¢im alanlarinin disinda kalan sirali agaglarda damlama sistemleri kullanilmagtir.
Kurakeil peyzajda minimum seviyede tutularak olusturulan ¢im alanlarda etkin sulama ¢ok
onemlidir. Sulama sisteminin olmasiyla hem is¢i maliyetinden tasarruf edilir hem de sudan
tasarruf edilmektedir (Aybey, 2024). Kurakeil peyzaj uygulamalarinda bakimin temel amaci,
saglikli bitki ortamlar1 olusturarak bu ortamlarin siirekliligini saglamaktir. Bu dogrultuda,
sulama, budama, hastalik ve zararlilarla miicadele, giibreleme gibi bakim faaliyetleri diizenli
olarak gergeklestirilir ve bu iglemler, tasarimin kalitesini artirir. Dogru sulama sistemlerinin
kurulmasi, su tasarrufu saglarken, susuzluga dayanikli ve yerel bitki tiirlerinin kullanilmastyla
bakim ve is giicli maliyetleri minimize edilecektir (Kayli & Golbey 2020). Bu yaklasim,
peyzajin siirdiiriilebilirligini artirirken, ¢evresel ve ekonomik agidan da verimli sonuglar elde
edilmesini saglar. Calismada bitkilerin diizenli bakimi Igdir Universitesi personeli tarafindan
gerceklestirilmekte olup, giibre takviyesi, budama ve yabanci ot temizligi ile bitkilerin sagliklt
gelisimi i¢in uygun kosullar saglanmaktadir. Fakat kurakc¢il peyzaj tasarimi ile ¢ok az bakim
gerektiren alanlar olusturulmasi hedeflenir. Bu yaklasim sayesinde zaman, enerji ve su gibi
kaynaklardan tasarruf saglanmis olur. Ancak ¢alisma alanimizda yiiksek oranda insan isgiicii
kullanim1 dikkat ¢cekmektedir. Kurak¢il peyzaj uygulamalarinda su tasarrufu yaninda insan
isgiicii kullaniminin da azaltilmas1 6nerilmektedir.

Yerleske alaninin 167.000 m? ¢im alanina sahip olmasi hem su tiiketim miktarinin gozler 6niine
sererken kurakeil peyzaj acisindan olumsuz bir durum ortaya ¢ikarmaktadir. Ayrica az su istegi
olan Festuca ovina L. 'Glauca' 5.745 m? alana sahiptir. Alanda yogun ¢im ortiisii kullanim1
kurakeil peyzaj i¢in uygun olmayan bir durumdur. Kurakeil peyzaj ilkelerine gore ¢im ortiisii
peyzaj alanlarinda genis ylizeyler kaplamakta ve uygun kullanilmadiginda biiyiik miktarlarda
su tiikketmektedir (Tiilek, 2008). Calismada karisim oran1 % 25 olarak tespit edilen Ingiliz ¢imi,
cimlerin yapiminda en yaygin kullanilan tiirlerden biridir. Genellikle 6mrii kisa olan ¢ok yillik
bir bitkidir. Yapilan karisim arasindan 3-4 yil sonra gittik¢e azalir. Cesitlerin bazilar1 yazlarin
nemli ve serin, kislarin ise 1liman gectigi alanlarda omiirleri uzundur. Ingiliz ¢imi asir
soguktan, sicaktan ve kurakliktan ¢ok zarar goriir. Soguga dayanikli ¢esitleri bulunsa da hemen
hemen tiim cesitler asir1 sicaktan ve kurakliktan olumsuz etkilenmektedir. Golge direnci
oldukga zayiftir. Calismada karisim oran1 % 5 olarak tespit edilen ¢ayir salkim otu tiim diinyada
en yaygin kullanilan uzun omiirlii ¢im bitkisidir. Rekabet giicli yiiksek olan bu tiir uygun
sartlarda kok saplariyla birlikte hizla yayilir. Serin ve nemli bolgelerde ¢ok iyi yetisirken sicak
ve kurak donemlerde biiylimesi yavaglar. Cok suya ihtiyact olur ama sicak dénemlerde
sulamaya ragmen biiyiimesi yavaslar. [lkbahar ve sonbaharda ¢ok iyi bir yesil alan olustururken
kis aylarinda ise dayaniklidir. (A¢ikgdz, 1994). Bu baglamda yerleskedeki ¢im alanlarinin
%30’1luk kismini olusturan ingiliz ¢imi ve ¢ay1r salkim otu kurakliga dayanamadigindan ve ¢ok
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su isteginden dolay1 yerleskede Ozellikle yaz aylarinda ¢im alanlarinda sararmalar
gorlilmektedir.

Cim tiirlerinden kamigs1 yumak, diger tiirlere kiyasla boylar1 daha uzun, daha biiyiik tekstiirlii
ve sert yapraklidir. Bitki yumak seklinde biiylir ve cok yogun ¢im Ortiisii meydana getirir. Son
yillarda ¢im bitkisi olarak onemi artmistir. Cok yillik bir bitki olan kamigs1 yumak, serin ve
nemli alanlarda 1yi yetisir. Derin kokleri sayesinde sicaga ve kurakliga diger ¢im tiirlerine gore
daha iyi dayanir. Diger tiirlere gore Kurak donemlerde daha uzun siire yesil aksamini korur.
Soguklara kars1 direnci diisiiktiir. Asir1 soguklardan zarar goriir (A¢ikgdz, 1994). Calismada
karigim orani %50 olarak belirlenen kamigst yumak ¢imi, kurak kosullarda daha uzun stirelerle
yesil kalabildigi gozlendiginden, yerleske alanindaki kullaniminin uygun oldugu
diistiiniilmektedir.

Calismada karigim oran1 % 20 olarak tespit edilen rizomlu kirmizi yumagin en olumsuz 6zelligi
olarak sicak stresine dayaniksiz olusu bildirilmistir. Fakat golgeli kosullara ve kurakliga
yiiksek dayanimi ve ekonomik su kullanimindan dolay1 kurakgil peyzaj diizenlemelerinde serin
mevsim kosullarinda yer verilmesi Onerilmistir (Karaca & Kugvuran 2012). Calismada
kullanim oraninin diisiik olmasi bir avantaj olarak degerlendirilmistir. Ancak Igdir iklim
kosullarinin 6zellikle yaz doneminde asir1 sicak oldugu gercegi dikkate alindiginda bu oranin
biraz daha diisiiriilmesinin ¢ok daha iyi sonuglar verebilecegi diistiniilmektedir.

Xeriscape diizenlemelerinde malg yaprak tabakasi, saman veya organik maddeler gibi
malzemeler kullanilmaktadir. Bu malg, toprak yiizeyini nemli tutarak, igerigindeki organik
maddeler sayesinde suyun bitkiye daha kolay niifuz etmesini saglar. Ayrica, toprak iizerinde
bitki i¢in faydali organizmalarin ve yasam ortamlarinin korunmasina olanak tanir. Kullanilan
malzemelerin belirli bir kalinlikta ve yil boyunca yerinde kalacak sekilde uygulanmasi
onemlidir. Bu yontem, suyun verimli kullanilmasina ve ekosistemin siirdiiriilebilirligine katki
saglar (Bayramoglu, 2016). Kurakcil peyzaj uygulamalarinda kullanilan bitkiler i¢in belirli bir
kalinlikta malg tabakasi uygulanmasi gerekmektedir ve bu tabaka yil boyunca yerinde
kalmalidir. Mal¢ kullanimi, toprak ylizeyinin nemini koruyarak suyun buharlagsmasini engeller
ve toprak igerigini organik maddeyle zenginlestirir. Bu siire¢, suyun bitkiye daha etkili bir
sekilde niifuz etmesini saglar (Kayli & Golbey 2020). Calisma alaninda rektorliikk dniindeki
peyzaj alaninda kullanilan kii¢iik boyutlu ve renkli ¢akil taslari, estetik ve fonksiyonel agidan
onemli bir rol oynamaktadir. Bu taslar, malglama islevini yerine getirerek toprak yiizeyini
korur, su buharlagsmasini azaltir ve toprak nemini muhafaza eder. Ayrica, gorsel agidan alanin
diizenini ve estetigini iyilestirir. Cakil taglarinin se¢imi, hem peyzaj tasariminda gorsel
cesitlilik yaratirken hem de ekolojik islevsellik saglayarak siirdiiriilebilir bir alan kullanimi
sunmaktadir. Ayrica yerleskede bicilen ¢imler agac canaklarina serilerek agacin su kaybi
minimize edilmekte ve yabanci ot ¢ikisini engelledigi gézlemlenmistir.

SONUC

Kurakgi1l peyzaj, su kaynaklarmin sinirli oldugu bolgelerde siirdiiriilebilir ve estetik ¢oziimler
sunan bir tasarim yaklagimini ifade eder. Ayni1 zamanda su tasarrufu saglayan bitkiler, toprak
diizenlemeleri, yerel flora ve fauna ile uyumlu tasarimlar gibi unsurlar iizerine odaklanarak
cevreye duyarli, estetik agcidan zengin ve islevsel alanlar yaratir. Bu peyzaj tasarimi; kurak
iklim kosullarina uyum saglayarak, su kullanimimi minimuma indirir ve ekosistem sagligini
korur. Bu acidan bakildiginda Igdir Universitesi Sehit Biilent Yurtseven Yerleske’sinde
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yapilan bu ¢alisma sonucunda belirlenen 82 taksondan 69’unun (% 84) su isteginin az, az/orta
veya orta olmasi, kurak¢il peyzaj bakimindan 6nemli goriilmektedir. Bu sonuca gore yerleske
alani, kurakeil peyzaj diizenleme yaklagimina gore biiyiik oranda uygun bulunmustur.

Igdir Universitesi Sehit Biilent Yurtseven Yerleske’sinde belirlenen 82 taksonun 26’sinin
dogal, 56’smin ise egzotik oldugu belirlenmistir. Dogal bitkilerin kullanim1 (% 32) sinirh
olmakla birlikte kullanilan egzotik bitki tiirlerinin su istekleri bakimindan genellikle diisiik
diizeyde olanlar arasindan segildigi tespit edilmistir. Bu durum olumlu bir yaklasim olarak
degerlendirilmis olsa da bolgeye 6zgii dogal bitki taksonlarinin kullaniminin kurakgil peyzaj
uygulamalarinin  temelini olusturdugu hususu goézden kagirilmamalidir. Yerli Dbitki
taksonlarinin genellikle az sulama gerektirdigi, yerel toprak ve iklim kosullarina iyi adaptasyon
sagladig1, hastalik ve zararlilara karsi daha dayanikli oldugu bilinmektedir. Ayrica su ihtiyact
yiiksek olan egzotik tiirler yerine estetik ve islevsellik acisindan bu bitkilerin yerini alabilecek
dogal tiirlerin kullanilmasi ya da bu bitkilere kiyasla su ihtiyaci daha az olan taksonlarin
kullanilmasi1 peyzaj ¢alismalarinda suyun daha verimli kullanilmasina olanak taniyacaktir.

Acer saccharinum L., Betula pendula Roth., Malus floribunda siebold ex. Van Houtte, Picea
orientalis L., Platanus orientalis L., Populus nigra L., Cornus alba 'Sibirica' ve Cornus
stolonifera 'Flaviramea' su istegi orta/cok olan taksonlardir. Salix babylonica L., Salix Caprea
'"Pendula’, Salix nigra Marshall, Thuja occidentalis 'Smaragd' ve Buxus sempervirens L. su
istegi ¢ok olan taksonlar olarak tespit edilmistir. Bu taksonlar yerine estetik ve fonksiyonel
acidan yer tutabilecek dogal taksonlarin kullanilmasi ya da bu bitkilere nazaran daha az su
isteyen taksonlarmn kullanilmasi peyzaj caligmalarinda suyun daha etkin kullanilmasina
yardime1 olacaktir. Su istegi ¢cok olan bu taksonlardan; Thuja occidentalis 'Smaragd' yerine
Platycladus orientalis (L.) Franco, Salix babylonica L. ve Salix nigra Marshall, yerine
Koelreuteria paniculata Laxm., Salix caprea 'Pendula’ yerine Morus alba 'Pendula’ ve Buxus
sempervirens L. yerine Euonymus japonica Thunb. 'Aurea’ tercih edilebilir.

Cim sahalar1 acisindan yapilan incelemelerde ise; calisma alaninda yogun olarak ¢im alanlari
olusturulmus bu durum kurakc¢il peyzaj agisindan uygun bulunmamistir. Cim sahalarindan
ziyade, yer Ortiicli tiirlere daha fazla alan verilmesi Onerilmistir. Fakat olusturulan ¢im
sahalarinda da serin iklim ¢im bitkileri tercih edilmistir. Su gereksinimi yiiksek olan ¢im
bitkileri yerine, su gereksinimi diislik olan ¢im bitkileri kullanilmalidir.

Igdir Universitesi Sehit Biilent Yurtseven Yerleske’sinde yesil alan miktar1 her gecen giin
artmaktadir. Bundan dolay1 yeni yapilacak peyzaj ¢alismalarinin kurak¢il peyzaj acisindan
uygun olmasi adina bazi 6neriler sunulmustur;

1. Yerleske alanin iklim ve topografik yapisina uygun planlamalar yapilmalidir.

2. Yerleske icerisinde sonraki peyzaj calismalarinda kurakgil peyzaj tasarim ilkeleri temel
alimmalidir.

3. Kurakeil peyzaja uygun tasarimlar i¢in bitkilerin su gereksinimleri dikkate alinmali ve
dogal bitki taksonlar1 daha fazla tercih edilmelidir.

4. Toprak kosullar1 su tutucu takviyelerle iyilestirilmelidir.

5. Olusturulan ¢im alanlarinin bakimi kolay olmali ve su istegi az olan ¢im taksonlarina
yer verilmeli ya da su istegi az olan yer ortiiciileri kullanilmalidir.

6. Igdir Tiirkiye’nin en az yagis alan ili olmasi sebebiyle ¢im tiirleri belirlenirken kuraga
dayanikli taksonlarin tercih edilmesi dnerilmektedir (Cynodon dactylon (L.) Pers. var.
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dactylon (L.) Pers., Festuca arundinacea Schreber subsp. arundinacea Schreber,
Festuca arundinacea (Schreb), Festuca rubra var. rubra).

7. Peyzaj ¢alismalarinda ¢im olarak tasarlanacak alanlar rekreasyonel aktiviteler icin
kullanilmayacaksa yer ortiiciilerin kullanilmast daha dogru olacaktir.

8. Sulama rejimi, peyzaj alanimin iklim 6zelliklerine ve mevcut bitkilerin su ihtiyacina
gore diizenlenmelidir.

9. Su tasarrufu adma mal¢ materyali kullanimi One ¢ikarilabilir ve bu sayede
buharlagsmanin 6niine gecilerek su istegi azaltilabilir.

Sonug olarak, kurakg¢il peyzaj yaklagimi, yalnizca kurak iklim bolgeleri i¢in degil, tiim diinyada
su kaynaklarinin giderek daha degerli hale geldigi kosullar baglaminda, siirdiiriilebilir
sehircilik uygulamalarinin bir pargasi olarak kabul edilmelidir. Gelecekte, kurak¢il peyzaj
tekniklerinin daha genis bir sekilde benimsenmesi hem g¢evresel hem de ekonomik faydalar
saglayarak, stirdiiriilebilir bir yasam alan1 yaratilmasina katkida bulunacaktir. Bu anlamda,
peyzaj mimarlarinin ve tasarimcilarinin, su tasarrufu saglayan stratejileri entegre etme ve
kurakeil peyzaj anlayisini yayginlastirma konusundaki sorumlulugu her gecen giin daha da
artmaktadir. Ayrica yogun yesil alanlarin oldugu tiniversite yerleskelerinin bu konuda 6ncii rol
almas1 6nemli goriilmektedir.

FINANSAL DESTEK BEYANI

Calisma icin herhangi bir maddi destek alinmamaistir.
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ABSTRACT: This study, the impact of population growth and industrial production on the
ecological crisis is examined by utilizing data from BRICS-T countries (Brazil, Russia, India,
China, South Africa, and Tirkiye) covering the period between 2000-2020. The dataset
includes carbon dioxide (CO:) emissions, population, and greenhouse gas emissions
originating from industrial production. The data employed in the analysis were obtained from
the World Bank database were utilized, and econometric modeling was conducted by
logarithmically transforming both dependent and independent variables. The findings indicate
that a 1% increase in population growth leads to a 0.4454% rise in CO: emissions, while a
1% increase in greenhouse gas emissions from industrial production results in a 0.2468%
increase in CO: emissions. These results highlight the significant role of population
expansion and industrial activities in environmental sustainability. The study contributes to
the academic literature and provides insights for future research. Additionally, the findings
are expected to inform policymakers in designing effective environmental policies and
sustainable development strategies for BRICS-T countries.
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NUFUS ARTISI VE ENDUSTRIYEL URETIMIN EKOLOJIK KRIZE
ETKILERI: BRICS-T ULKELERI UZERINE PANEL VERI ANALIZI

OZET: Bu ¢alismada, BRICS-T iilkeleri (Brezilya, Rusya, Hindistan, Cin, Giiney Afrika ve
Tirkiye) i¢in 2000-2020 yillar1 arasindaki sera gazi emisyonu, niifus ve endiistriyel
iretimden kaynakli sera gazi emisyonu verileri incelenerek, niifus artist ve endiistriyel
iretimin ekolojik kriz lizerindeki etkisi analiz edilmektedir. Arastirma kapsaminda, Diinya
Bankas1 veri tabanindan elde edilen veriler kullanilmistir. Analiz siirecinde, veri setindeki
bagimli ve bagimsiz degiskenlerin logaritmast alinarak ekonometrik modelleme
gerceklestirilmistir. Calismanin bulgulari, niifus oranlarinda meydana gelen %1°lik bir artisin
CO: emisyonlarint %0.4454 oraninda artirdigini, endistriyel iiretime bagli sera gazi
salinimindaki %1’lik bir artisin ise CO- emisyonlarini %0.2468 oraninda yiikselttigini ortaya
koymaktadir. Bu dogrultuda, niifus artis1 ve endiistriyel iiretimin ¢evresel siirdiirtilebilirlik
iizerindeki etkisinin goz ardi edilmemesi gerektigi sonucuna varilmistir. Calismanin,
akademik literatiire katk1 sunmasi ve sonraki aragtirmalara rehberlik etmesi hedeflenmektedir.
Ayrica elde edilen bulgularin, BRICS-T iilkelerinin ¢evre politikalarinin olusturulmasi ve
stirdiiriilebilir kalkinma stratejilerinin belirlenmesi siireclerinde politika yapicilara referans
niteligi tagimasi beklenilmektedir.

Anahtar kelimeler: Sera Gazi Emisyonu, Sirdiirilebilirlik, Kuznets Egrisi, Ekonomik
Biiyiime, Ekolojik denge

INTRODUCTION

Industrialization has evolved in various forms throughout civilization, gaining significant
momentum with the Industrial Revolution and accelerating further with modern technological
advancements. Key factors in the development of industrialization include capital
availability, energy resources, raw material supply, technological capabilities, transportation
infrastructure, marketing strategies, and the efficient utilization of human resources. The
availability and management of these factors directly influence the sustainability and
expansion of industrial activities. Since the Industrial Revolution, rapid population growth
and increasing industrial production have exerted substantial pressure on ecosystems, posing
serious threats to environmental sustainability on a global scale. As population growth
intensifies, human-induced environmental impacts—such as increased fossil fuel
consumption, excessive exploitation of natural resources, and the uncontrolled accumulation
of industrial waste—continue to escalate. These activities lead to climate change, disrupt
ecological balance, and exacerbate ecological crises, including biodiversity mitigation and
ecosystem degradation (Meadows et al.,, 1972; Steffen et al., 2015; Nations, 2022;
Dindaroglu et al., 2023).

The origins of the ecological approach can be traced back to Ancient Greece; however, its
conceptual emergence in the scientific literature began in the mid-19th century. The term
'modern ecology' was first systematically introduced by the German biologist Ernst Haeckel
in 1866 (Haeckel, 1866). In general, ecology is defined as a scientific discipline that
examines the interactions between living organisms and their surrounding environment
(Odum & Barrett, 1971). Beyond these biological interactions, ecology also emphasizes the
stability and balance of natural ecosystems. In this context, ecological equilibrium refers to
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the conditions that enable the coexistence of both biotic and abiotic components in a
sustainable manner (Townsend et al.,, 2009). The deterioration of ecosystems leads to
ecological degradation, and as these problems intensify, they can culminate in ecological
crises (Ozkan, 2017).

The balance of ecosystems can be disrupted by external interventions, leading to the
emergence of environmental challenges. Human activities—particularly industrialization,
urbanization, and the overexploitation of natural resources—have significantly intensified
ecological problems (Meadows et al., 1972). The escalating frequency and severity of
ecological crises have heightened public awareness of environmental issues and fostered a
search for sustainable solutions. Mitigating ecological crises, preserving natural ecosystems,
and ensuring sustainability are crucial for the future of humanity (Dindaroglu, 2021). In this
context, ecological approaches serve as the foundation of environmental sustainability. In
recent years, climate change and ecological crises have emerged as some of the most pressing
global challenges. Since the Industrial Revolution, accelerated fossil fuel consumption,
unchecked population growth, and increased industrial production have raised atmospheric
carbon dioxide (CO:) concentrations to 420 ppm, contributing to record-breaking global
temperatures (Ercan & Ozdemir, 2023).

Population growth is one of the main factors affecting the economic and social structure. The
size and dynamics of the population create direct and indirect effects on industrial production,
and in this context, contribute to the shaping of the economic functioning in the region
(Coskun, 2023). According to the population theory published by Thomas Robert Malthus in
1798, while the population increases in a geometric series as 1, 2, 4, 8, 16, 32..., foodstuffs
increase in an arithmetic series as 1, 2, 3, 4, 5, 6... (Malthus, 1798; 2023). The continuous
increase in the world population and the continuation of countries' economic growth
processes lead to the deepening and compounding of ecological problems. In other words, it
has caused the consumption of more resources in nature. In this context, one of the most
important studies in the literature examining the relationship between environmental
degradation and economic growth is the study published by Simon Kuznets in 1955, which
addresses the injustice in income distribution. Also, Kuznets stated that environmental
pollution will increase in the initial stages of economic growth, but when per capita income
exceeds a certain threshold, individuals and states will become more sensitive to the
environment and tend to take precautions (Kuznets, 1955). Based on this hypothesis, in the
1990s, Grossman and Krueger reconsidered Kuznets' approach based on the relationship
between income distribution and economic growth within the framework of environmental
factors, as environmental problems became increasingly important. Thus, they analyzed the
effects of economic growth on the environment and explained this relationship with the
concept of the Environmental Kuznets Curve (EKC). This model suggests that environmental
pollution initially increases during the economic development process, but after a certain
income level, pollution tends to decrease as environmental sensitivity increases (Grossman &
Krueger, 1991).

The Environmental Kuznets Curve (EKC) hypothesis indicates an inverted U-shaped
relationship between per capita income and certain environmental pollution indicators (Figure
1). According to this hypothesis, environmental pollution tends to increase during the early
stages of economic development due to industrialization, urbanization, and rising energy
consumption. However, as economic growth progresses, it is anticipated that pollution levels
will decline due to increased environmental awareness, improved regulatory frameworks, and
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the adoption of cleaner technologies. The EKC hypothesis is rooted in the original Kuznets
Curve concept, which describes a similar relationship between income inequality and
economic development (Kuznets, 1955). Today, the EKC hypothesis serves as a key
theoretical foundation for understanding the interplay between economic growth and
environmental sustainability. The EKC hypothesis describes the relationship between
economic development and environmental degradation. In the early stages of economic
growth and industrialization, environmental concerns are often overlooked, leading to
increased pollution. However, as income levels rise, public awareness of environmental
issues tends to grow, prompting governments to implement policies aimed at pollution
reduction and sustainable environmental management (Panayotou, 1995; Grossman &
Krueger, 1995).

Environmentally
Adapted Kuznets Curve

/N

Figure 1. Environmental Kuznets Curve (EKC) Source: (Panayotou, 1993), Reshaped by the
Authors.

Environmental pollution

The aim of this study is to investigate the effects of population growth and industrial
production growth on the ecological crisis using panel data analysis using greenhouse gas
emission data from the World Bank for the BRICS-T (Brazil, Russia, India, China, South
Africa and Turkey) countries between 2000-2020 on greenhouse gas emissions from CO2,
total population and industrial production. Such research plays a crucial role in enabling
countries to develop sustainable energy strategies and ecosystem-based environmental
policies. The findings of this study will provide insights into the environmental impacts of
renewable energy sources within the framework of sustainable development goals,
emphasizing the necessity of implementing holistic policies that integrate environmental
considerations.

MATERIAL AND METHODS

Within the scope of the study, the effects of population growth and industrial production on
CO: emissions in BRICS-T countries (Brazil, Russia, India, China, South Africa and Turkey)
were examined using panel data analysis using data between 2000-2020. Panel data analysis
is a powerful method that combines both temporal and cross-sectional dimensions and has the
advantage of taking into account the heterogeneity between countries (Baltagi, 2008). The
analysis was carried out by taking logarithmic transformations of the dependent and
independent variables in the study. The data were obtained from the World Bank, and the
variables and their sources are presented in Table 1.
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Table 1. Defining Variables

Variables Explanation Data Year Range and Source
LCO Logarithmic Total Greenhouse Gas 2000-2020, World Bank

(CO2) Emission
LNU Logarithmic Total Population 2000-2020, World Bank
LEND Logarithmic Greenhouse Gas (CO2)  2000-2020, World Bank

Emission from Industrial Production

The equation with logarithmic transformations is shown in equation 1 below:

LCO; = Bo + B1LNU; + B, + LENDy, + vy 1)
BRICS-T countries were considered in the model used in the study.

i=(1...6) and (t= 2000...2020)

Here, i represent countries and t represents years. Panel data regression analysis was used in
estimating the model and various tests were used in model selection.

RESULTS AND DISCUSSION

Before starting the research analyses, the F test and Breusch-Pagan LM test were first applied
to determine whether there was a unit and/or time effect in the panel data model (Breusch &
Pagan, 1980; Wooldridge, 2010).

According to the F test results, the presence of unit and/or time effects was accepted in the
model with a probability value less than 0.05 (Table 2). Similarly, the Breusch-Pagan LM test
result showed that the classical model was not suitable. The Hausman test was applied to
determine whether fixed or random effects were suitable in the model. According to the
Hausman test (p=0.79>0.05), since there was no correlation between the explanatory
variables and the error term, it was concluded that the random effects model was suitable
(Hausman, 1978).

Table 2. Panel Data Regression Analysis Estimator Tests

Statistical Values Probability Values
F Test 70.91%* 0.000
LM Test 573.22% 0.000
Hausman Test 0.46* 0.7958

“*” indicates 0.05 significance level.

After estimating the model, diagnostic tests were conducted to assess potential econometric
issues. The results of the Levene’s, Brown—Forsythe, and Levene (1960) tests indicated the
presence of heteroscedasticity (Brown & Forsythe, 1974). Additionally, the Baltagi—Wu test
was employed to detect autocorrelation, revealing the presence of autocorrelation in the
model (Baltagi & Wu, 1999). Furthermore, the Friedman test was conducted to examine

inter-unit correlation, confirming the existence of cross-sectional dependence Table 3.
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Table 3. Heteroskedasticity, Autocorrelation and Inter-Unit Correlation Test Results

Heteroskedasticity Test

X2 Prob. value
WO 32.2866* 0.000
W50 8.5576" 0.000
W10 25.1441* 0.000
Autocorrelation Test
Modified Bhargavavd.Durbin Watson 0.9126
Baltagi ~Wu LBI 0.1311
Inter-Unit Correlation Test Results

X2 Prob. value
Friedman Test 18.511* 0.0024

Since problems such as heteroskedasticity, autocorrelation and inter-unit correlation may
cause deviations in the model estimates, robust estimates were obtained by using the Driscoll-
Kraay robust estimator (Driscoll-Kraay, 1998). The Driscoll-Kraay estimator results are
presented in Table 4.

Tablo 4. Driscoll- Kraay Robust Estimator Results

Coefficient DriscollKraaySt t P>Itl
LNU 0.4454 0.1812 2.46 0.023
LEND 0.2468 0.0251 9.82 0.000
Constant -0.8559 1.5048 -0.57 0.576
Prob. 0.000

According to the Driscoll-Kraay estimator, the effects of population and industrial production
on CO: emissions are statistically significant. A 1% increase in population increases CO:
emissions by 0.4454%, while a 1% increase in industrial production increases CO- emissions
by 0.2468%. These findings are consistent with the literature emphasizing the environmental
impacts of population and industrial production (Grossman & Krueger, 1995; Shahbaz et al.,
2013). The increasing effect of population growth and industrial production on CO:
emissions in BRICS-T countries is found to be statistically significant. These findings
emphasize the importance of environmental sustainability policies and reveal that industrial
policies should be shaped by considering environmental impacts.

Numerous studies have investigated the relationship between energy consumption,
greenhouse gas emissions, economic growth, population growth, and environmental
pollution—particularly carbon emissions (CO2)—across various country groups and time
periods using panel data analysis methods. These studies have focused on the Organization
for Economic Co-operation and Development (OECD) countries, China, Pakistan, Indonesia,
BRICS-T (Brazil, Russia, India, China, South Africa, and Turkey), the four Turkic Republics
(Kazakhstan, Azerbaijan, Kyrgyzstan, Uzbekistan), the E7 (China, India, Brazil, Russia,
Indonesia, Turkey, and South Africa), and several other nations (Hamilton & Turton, 2002;
Lee & Chang, 2008; Zhang & Cheng, 2009; Sharma, 2011; Ahmet & Long, 2012; Asici,
2013; Ergiin & Polat, 2015; Karakas, 2016; Ozsahin et al., 2016; Erden, 2019; Majeed &
Mazhar, 2019; Ilham, 2021; Celik Bayram, 2022; Yesbolovave et al., 2024; Han, 2024; Wang
& Xu, 2025).
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Findings from these studies highlight significant cross-country variations in environmental
degradation drivers, with rapid population growth, increasing energy demand, declining fossil
fuel quality, and economic growth being key contributors. However, some scholars have
nuanced these relationships. For instance, Lee and Chang (2008) found a strong long-term
positive relationship between energy consumption and economic growth, emphasizing that
reductions in energy consumption could negatively impact economic growth. This
underscores the critical need for sustainable energy policies. In contrast, Zhang and Cheng
(2009) reported that energy consumption and carbon emissions in China do not directly affect
economic growth, suggesting that the country can enhance its energy and environmental
policies without jeopardizing economic expansion in the long run.

Sharma (2011) adopted a differentiated approach by examining the effects of GDP and
energy consumption across income levels, revealing that the impact of economic
determinants varies by income group. Similarly, Asici (2013) and Karakas (2016) determined
that income growth generally exacerbates environmental pressure, particularly in middle-
income countries. While rising income levels were found to reduce deforestation, they
simultaneously increased carbon emissions and mineral extraction. Majeed and Mazhar
(2019), in their study covering 131 countries from 1971 to 2017, analyzed the environmental
implications of financial development. Their findings suggest that while financial
development has the potential to improve environmental quality, factors such as energy
consumption, foreign direct investment, and economic growth contributes to environmental
degradation, supporting the "pollution haven™ hypothesis. Furthermore, Ilham (2021)
analyzed data from 31 provinces in Indonesia between 2011 and 2019, examining the effects
of economic development, population density, and vehicle ownership on environmental
degradation. The study confirmed that these three factors significantly increase pollution
levels and emphasized the necessity of transitioning to a green economy model.

CONCLUSION

In this study, the effects of population growth and industrial production on the ecological
crisis in the BRICS-T countries (Brazil, Russia, India, China, South Africa and Turkey) in the
period 2000-2020 were examined using panel data analysis. The findings show that both
variables increase CO: emissions at a statistically significant level. It was determined that a
1% increase in the population rate increases CO2 emissions by 0.4454%, and a 1% increase in
greenhouse gas emissions due to industrial production increases CO2 emissions by 0.2468%.
These findings show that population dynamics and industrialization processes constitute a
critical pressure element on environmental sustainability. Although the findings of the study
are consistent with the Environmental Kuznets Curve (EKC) hypothesis in the literature, it
should not be ignored that this hypothesis may vyield different results among countries.
Considering that most of the BRICS-T countries are in the early stages of industrialization
and economic growth, it is understood that scale and structural effects dominate, and
technological effects have not yet come into play sufficiently. This situation indicates that the
EKC assumption that environmental awareness will increase as income levels increase is not
yet fully valid in these countries. The results, which are parallel to similar studies in the
literature (Sharma, 2011; Celik Bayram, 2022), confirm the central role of population and
industrial activities in environmental degradation. In this context, it is crucial to implement
sustainable development policies in BRICS-T countries without delay. Policymakers should
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prioritize strategic actions such as urbanization policies that promote sustainable land use,
family education programs to raise awareness of environmental issues, and regulations aimed
at preserving green spaces. Additionally, transitioning to clean technologies in industrial
production, implementing fiscal policies that incentivize renewable energy usage, and
adopting energy efficiency strategies are essential for mitigating environmental degradation.
Industrial policies should encourage sustainable production methods, while legal frameworks
must be established to regulate and minimize carbon footprints. Furthermore, fostering
national and international cooperation, as well as introducing mechanisms such as carbon
taxes, will be instrumental in achieving long-term environmental sustainability.

This study acknowledges certain limitations, including the restriction of the dataset to the
period 2000-2020 and the omission of other critical environmental indicators such as
methane emissions and water pollution. Future research should address these gaps by
incorporating a broader range of environmental variables, extending the study period, and
exploring different country groups. Additionally, interdisciplinary approaches that integrate
technological progress and institutional quality into the analytical framework will provide a
more comprehensive understanding of environmental impacts. In conclusion, this study
serves as a Vvaluable reference for both policymakers and researchers, emphasizing that
maintaining ecological balance and achieving sustainable development require urgent,
globally coordinated efforts and multidimensional strategies.
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OZET: Nakliye konteynerlerinin atil durumdan yapi islevine doniistiiriilmesi, bu yapilar igin
geri dontistimlii, diisiik maliyetli ve hizli insa 6zellikleri sunarak, diinya genelinde farkl: islev
ve bigimlerde yaygin kullanimina olanak tanimaktadir. Ancak, bu yapilarin siirdiiriilebilirligi
icin ¢evresel etkilerin en aza indirilmesi, cografi ve iklim kosullarina uyum saglanmasi, ayrica
insan ve doga merkezli yaklagimlarin benimsenmesi temel gereklilikler arasindadir. Bu
arastirmanin temel amaci, nakliye konteyner yapilarinin sagladigi avantajlar1 degerlendirerek
caligma alani i¢in bir tasarim modeli gelistirmektir. Arastirma siirecinde gergeklestirilen saha
calismalar1 ve mekan analizleri sonucunda elde edilen verilerle, Burdur Mehmet Akif Ersoy
Universitesi Yerleskesi icin siirdiiriilebilir bir mekan tasarimi onerisi olusturulmustur. Bu
baglamda, nakliye konteynerlerinin yap1 modiilii olarak kullanilmas1 ve carsi1 islevini yerine
getirmesi hedeflenmistir. Tasarim siirecinde, nakliye konteynerlerinin Antalya veya Izmir
limanlarindan temin edilmesi 6ngoriilmektedir. Zemin katlarda, ii¢ adet 40’lik konteynerin yan
yana birlestirilmesiyle 84 m?’lik bir alan olusturulmas1 hedeflenmis; ayrica, 28 m?’lik bagimsiz
birimlerin esnekligi saglanmistir. Cati bahgeleri, 1s11 konforu artirirken asbestsiz yalitim
malzemeleri, algipan kaplamalar ve uygun zemin dosemeleri i¢ mekan konforunu
desteklemektedir. Akustik konforun saglanmasi amaciyla duvarlarda ses yalitim malzemeleri
kullanilmasi planlanmaktadir. Siirdiiriilebilirlik agisindan, giines pencereleri, giines panelleri,
capraz havalandirma, golgelendirme, dogal malzemeler ve gecirgen ylizeyler onerilmektedir.
Bu uygulamalarin, yap1 sonrast donemde enerji verimliligi ve cevresel siirdiirtilebilirlik
acisindan 6nemli faydalar saglayacagi diistiniilmektedir. Bu hedefler dogrultusunda, yapinin
kaynak yonetimi, yasam dongiisii ve yasam kalitesi unsurlarini biitiinsel bir yaklasimla ele
alarak, barinma ve sosyal etkilesim gibi ¢esitli amaglara hizmet edecek siirdiiriilebilir bir mekan
tasarimi gelistirilmesi amaglanmaktadir.

Anahtar kelimeler: Ekolojik tasarim, siirdiiriilebilir mimari, biitiinciil tasarim yaklagimi,
konteyner yapilar, kampiis ¢arsisi.
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INNOVATIVE AND SUSTAINABLE ARCHITECTURAL SOLUTIONS
FOR UNIVERSITY CAMPUSES

ABSTRACT: The transformation of shipping containers from idle status to functional
structures provides recyclable, low-cost, and rapid construction features for these buildings,
facilitating their widespread use in various functions and forms globally. However, minimizing
environmental impacts, adapting to geographical and climatic conditions, and embracing
human and nature-centered approaches are essential requirements for the sustainability of these
structures. The main objective of this research is to develop a design model for the study area
by evaluating the advantages of shipping container structures. With the data obtained from the
field studies and spatial analyses carried out during the research process, a sustainable spatial
design proposal for the Burdur Mehmet Akif Ersoy University Campus has been developed. In
this context, it is aimed to use shipping containers as a building module and to function as a
marketplace. The design procedure includes the provision of shipping containers from the ports
of Antalya and Izmir. On the ground floor, it is aimed to create an area of 84 m? by combining
three 40-foot containers side by side; in addition, the flexibility of 28 m? independent units is
provided. At the same time, roof gardens increase thermal comfort; asbestos-free insulation
materials, plasterboard coverings and appropriate flooring support indoor comfort. It is planned
to use sound insulation materials on the walls to provide acoustic comfort. Regarding
sustainability, sun windows, solar panels, cross ventilation, shading, natural materials and
permeable surfaces are recommended. It is thought that these applications will provide
significant benefits in terms of energy efficiency and environmental sustainability in the post-
construction period. To achieve these objectives, the aim is to develop a sustainable spatial
design that serves multiple purposes, such as shelter and social interaction, by addressing the
resource management, life cycle and quality of life elements of the building with a holistic
approach.

Keywords: Ecological design, sustainable architecture, holistic design approach, container
structures, campus market.

GIRIS

Universite yerleskeleri iiniversitelerin ana faaliyetleri olan egitim, dgretim ve arastirma
faaliyetlerinin koordineli bir bigimde siirdiiriilmesi amaciyla kurulan fiziki yapilanmalardir
(Erman, 2016). Sanayilesme ve sehirlesmenin artmasi, iletisim ve ulagim alanindaki
gelismelerin etkisiyle iiniversitelerin kent disinda da konumlanmaya baglamasi yerleske
kavramini genisletmistir (Erkman, 1990; Tetik, 2013). Bugiin yerleskeler; egitim zaman1 i¢inde
kullanillan bir alan olmanin o6tesinde, siirekli canli, yasayan, kiigiik bir kent seklinde
bigimlendirilen mekanlar durumundadirlar (Erman, 2016).

Yerleskelerdeki dinamizmi saglayan en Onemli mekanlardan biri ise yerleske sosyal
alanlarindan olan ¢arsilardir. Yerleske carsilari, 6grenci, akademik ve idari personelin giinliik
ihtiyaclarinm yerleske ig¢inde karsilayabilmelerine olanak taniyan mekanlardir. Bu ¢arsilar ayni
zamanda yerleske kullanicilarinin sosyal iletisim ve etkilesimlerinin artmasina ve kuruma olan
aidiyet hislerinin giiclenmesine katki saglamaktadir (Biiyiliksahin Siramkaya & Ciar, 2012).

Giinlimiizde yapili ¢evrelerin neden oldugu kaynak tiikketimi ve ¢evresel sorunlar mekanlarin
stirdiiriilebilir bir gsekilde planlanmasi ve tasarlanmasini zorunlu kilmaktadir. Yapili ¢evrelerin
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kaynak yonetimi, yasam dongiisiiniin ve yasam kalitesine etkilerinin gbéz Oniinde
bulundurulmasi, ¢evresel, sosyal ve ekonomik agidan siirdiiriilebilirliginin degerlendirilmesi
gerekmektedir (Karaaslan, 2011). Tiim yapili ¢evrelerde oldugu gibi yerleskelerin tasariminda
da siirdiiriilebilirlik kritik bir 6neme sahiptir. Topluma yon veren tiniversitelerin siirdiiriilebilir
cevrelerin olusturulmasinda da rol model olmalar1 ve bunu kendi biinyelerinde yer alan yapilara
yansitmalar1 gerekmektedir (Scot, 2009; Uzunkaya, 2024).

Nakliye konteynerlerinin yap1 modiilii olarak yeniden islevlendirilmesi, malzemenin yeniden
kazanimini saglamaktadir. Bunun yani sira, nakliye konteyner yapilarinin saglam, modiiler,
diisiik maliyetli ve hizli insa edilebilir yapilar olmalar, siirdiiriilebilir mekan tasarimi i¢in iyi
bir alternatif sunmaktadir (Bingdl & Gok, 2017; Tavsan & Bektas, 2021).

Bu caligmanin ana hedefi, geri doniistiiriilmiis malzeme olarak kullanilan nakliye
konteynerlerinin sagladig1 avantajlardan faydalanarak, yap1 ve ¢evre acisindan siirdiiriilebilir
mekan tasarimini inceleyen bir tasarim 6nerisi sunmaktir. Bu 6neri, Burdur Mehmet Akif Ersoy
Universitesi’nde bulunan bir alanin degerlendirilmesi amaciyla gelistirilmistir. Tasarim
siirecinde, ¢aligsma alani i¢in planlanan ¢ars1 iizerinden kaynak yOnetimi, yasam dongiisii ve
yasam Kkalitesi unsurlarini géz oniinde bulundurarak, yapisal ve ¢evresel tasarima entegre bir
yaklagim benimsenmistir.

SURDURULEBILIR MEKAN

Sanayi devrimi sonrasi fosil yakit tiiketimi ve ¢evre kirliliginin artmasi, dogal kaynaklarin ve
biyolojik cesitliligin azalmasma yol agcmustir. Insan faaliyetlerinin dogal ¢evre iizerindeki
olumsuz etkilerini azaltma amaciyla gergeklestirilen evrensel caligmalar sonucunda 1987
yilinda “Ortak Gelecegimiz-Brundtland Raporu” ortaya konulmustur. ilk kez Brundtland
Raporu’nda “gelecek nesillerin kendi ihtiyaclarini karsilayabilme olanagina engel olmamak™
tir ifadesi yer almaktadir (United Nations, 1987). iklim degisikligi, pandemi gibi kiiresel
krizlerin ortaya ¢ikmasi sonucunda 6nemini her gecen giin artiran siirdiiriilebilirlik, giinlimiizde
cevresel boyutun yani sira sosyal ve ekonomik boyutlart da kapsayan bir kavram haline
gelmistir.

Stirdiirtilebilir mekan tasariminin amaci, yapili cevrenin insan sagligi ve dogal ¢evre iizerindeki
genel etkilerini azaltmaktir. Sirdiiriilebilir mekanlarin, ¢evresel etkilerinin asgariye
indirilmesi, kaynaklarin sorumlu bir sekilde kullanilmasi, ekolojik, tarihsel ve kiiltiirel
degerlerle uyumlu olmasi ve kullanicilarin saglik, refah, konfor ve estetik gereksinimlerini 6n
planda tutarak tasarlanmasi 6nem arz etmektedir (Kellert, 2018).

Mekan planlama ve tasarim alanlarinda siirdiiriilebilirlik, lokasyon ve ulasim, sorumlu
malzeme ve kaynak kullanimu, siirdiiriilebilir arazi kullanimi, su verimliligi, enerji ve atmosfer,
i¢c mekan kalitesi, atik yonetimi, bolgesel dncelikler ve yenilik gibi konular1 kapsamaktadir.
Yapili ¢evrelerin ayni zamanda kiiresel iklim degisikligine, bireyin iyi olma haline, su
kaynaklarinin korunmasi ve restore edilmesine, biyogesitliligin korunmasi1 ve gelismesine,
stirdiiriilebilirligin tesvik edilmesine, rejeneratif malzeme kullanimina ve toplum yasam
kalitesinin artiritlmasina katki sunmasi beklenmektedir (United States Green Building Council,
2024).
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Karaaslan (2011) siirdiiriilebilir mekan tasarimi ilkelerini kaynak yonetimi, yasam dongiisii
tasarimi ve yagsam kalitesi i¢in tasarim olmak iizere ii¢ ana grupta ele almaktadir. Kaynak
yonetimi enerji, su, malzeme ve yapi1 alanlarinin etkin kullanimu stratejilerini; yasam dongiisti
tasarimi, yap1 oncesi, siire¢ ve sonrast donemdeki stratejileri; yasam kalitesi i¢in tasarim ise
dogal kosullarin korunmasi, kentsel tasarim alan planlamasi ve insan konforu igin tasarim
stratejilerini kapsamaktadir.

Nakliye Konteynerleri

Nakliye konteynerlerinin standart konteyner, Ustii agik konteyner, iistii ve yanlar1 agik
konteyner, tank konteyner, sogutmali konteyner ve diiz konteyner gibi ¢esitleri bulunmaktadir
(Ceylan, 2005; Arslan, 2011). Uluslararas1 Standartlar Orgiitii (ISO) tarafindan kabul edilen tip
ve Olciilere uygun iiretilen konteynerlerin yap1 alaninda kullanim alanlar1 standart-kuru yiik
konteynerleridir. Bu konteynerler Intermodal Celik Yap1 Unitesi (Intermodal Steel Building
Unit-ISBU) olarak adlandirilmaktadir (Smith, 2006). Kuru yiik konteynerleri g¢elik profil
iskelete sahip, iist-alt ve yan yiizeyleri korozyona karsi dayanikli Cor-ten ¢elik kaplama
malzemesi ile kaplanmis sekilde iiretilmektedir. i¢ tabanlarinda ise kontrplak tabaka yer
almaktadir (Pefia & Schuzer, 2012; Okeoma, 2023).

Kuru yiik konteynerleri genellikle 20 (20 feet) ve 40° (40 feet) boyutlarinda olmasina ragmen
“High Cube” olarak adlandirilan boyutu da mevcuttur. 20’ ve 40’ konteynerlerin genislik ve
yuksekligi sabit olmak iizere uzunluklar1 degiskenlik gdstermektedir. High Cube boyut
konteynerlerin ylikseklik ve uzunluk 6l¢iileri bu konteynerlerin standart dlgiilerinin tizerindedir
(Bingodl & Gok, 2017). Konteyner tiplerinin dlgiilerine Tablo 1°de yer verilmistir.

Tablo 1. Standart Nakliye Konteyner Olgiileri (Lojistik tc., 2016)

40°
Boyut 20° 40’ (High Cube)
Dis Olgiiler
Genislik 2,44 m 2,44 m 2,44 m
o Yiikseklik 2,59 m 2,59 m 2,90 m
e Uzunluk 6,06 m 12,19 m 12,19 m
= i¢ Olgiiler
! Genislik 2,35m 2,35m 2,35m
s *'T_TT Yiikseklik 2,39 m 2,39 m 2,69 m
- i Uzunluk 5,90 m 12m 12m
Konteyner Mekdnlar

Stirdiiriilebilir mekan tasariminin temel unsurlarindan biri olan sorumlu malzeme ve kaynak
kullanimi, dogal kaynaklarin sinirli oldugu gercegini ve bu kaynaklarin dikkatsiz kullanilmasi
durumunda tiikkenebilecegini dikkate almayi zorunlu kilar. Atik malzeme kullanimi, atik
miktarin1 azaltma ve kaynak tiiketimini en aza indirme agisindan sorumlu malzeme ve kaynak
kullanimina yonelik 6nemli bir alternatif olusturmaktadir. Giinlimiizde yap1 elemani olarak
kullanilan atik malzemelerden biri de kullanim dmriinii tamamlamis ya da atil durumda kalan
nakliye konteynerleridir (Tandogan, 2018). Uluslararas: tagimacilikta {iriinlerin saglam ve
giivenli bir sekilde nakliye edilebilmesi i¢in kullanilan bu kapali kutular giiniimiizde
stirdiiriilebilir mekan tasarimi i¢in iyi bir alternatif yap1 bileseni olarak kullanilmaktadar.

Nakliye konteynerlerinin yapisal anlamda ilk kullanimlar1 1980’lerin sonunda afet bariagi ve
depolama gibi alternatif ¢oziimler lizerine olmustur. Amerika ve Avrupa’da askeri konaklama
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tinitesi olarak da kullanilmislardir. Kalict yapilar olarak kullanimlart ise ilk kez Kuzey
Amerika’nin kirsal yerlesim bolgelerinde gergeklesmistir (Sawyers, 2008). 2000’1i yillarda
stirdiiriilebilir yap1 alternatif arayislarinin artmasiyla birlikte konteynerin mekansal tasarimda
kullanim1 yayginlasmistir. Nakliye konteynerleri, bugiin diinyanin dort bir yaninda farkh
tasarim bigimleriyle barinma, konaklama, egitim, ticari veya kiiltiirel vb. gibi islevlere yonelik
sabit veya mobil yapilar olarak kullanilmaktadir (Tablo 2) (Radwan, 2015; Bingol & Gok,
2017; ilerisoy & Kosan, 2020).

Tablo 2. islevlerine Gore Nakliye Konteyner1 Yapi Orneklerl

[¢B]

>

£ g

S =

X £

C

S ==}

Y

Cié A Docks, La Havre, Fransa Space Box, Hollanda
(Vincent Fillon, 2010) (Uhde, 2005)
%’5/

?

E

E‘

Platoon Kunsthalle Sanat Merkezi, Socrates Sculpture Park, Queens, New
Berlin, Almanya (Graftlab, 2007) York, ABD (LOT-EK, 2008)

=

I

=

|_

Commoﬁ Ground Seul Gune};‘Kore

=Prefabconta|nerhomes 2009)

Giiney Delhi, Hindistan ISDSI Universitesi, Chiang Ma
(Sarkar, 2023) Tayland (Herron, 2020)
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Nakliye konteyner yapilarinin avantajlarin su sekilde 6zetlemek miimkiindiir:

o  Sorumlu malzeme ve kaynak kullanimi: Nakliye konteynerlerinin yap:1 malzemesi olarak
kullanimi, at1l durumda olan malzemenin yeniden degerlendirilmesine olanak tanimaktadir.
Ayrica konteynerlerin dort tarafi kapali yapisi gereg§i, yapinin duvar, tavan, g¢ati gibi
elemanlar1 i¢in gerekli kereste, tugla, har¢ gibi malzemelere ihtiya¢ duyulmamaktadir.
Nakliye konteynerleri hem yapinin striiktiiriinii hem de yap1 elemanlarini bir arada tagiyan
biitiinciil bir yapi tlinitesi olusturmaktadir (Tandogan, 2018; Tavsan & Bektas, 2021).

e Modiilerlik ve islevsellik: Standart Olgililere sahip olan konteynerler tekil olarak
kullanilabildikleri gibi iist iiste, yan yana, ¢apraz, kaydirmali vb. gibi ¢esitli yerlesim ve
birlesimlere, farkli kombinasyonlara olanak taniyan modiiler yap1 birimleridir.
Konteynerlerin modiilerligi yap1 alaninda farkli tasarim bi¢imlerinin olusturulmasina ve
konut, yurt, alisveris merkezi, ofis, miize vb. bircok islevsel ihtiyaca yanit vermesine olanak
tanimaktadir (Bingdl & Gok, 2017; ilerisoy & Kosan, 2020).

o Saglamlik: International Standart of Organization (ISO) standartlarina uygun olarak
iretilen nakliye konteynerleri c¢elik striiktiire sahip kutulardir. Yapir amaciyla
kullanildiklarinda ise yiiksek mukavemete ve kotii hava kosullarina direncli gelik yap1
iiniteleri olusturmaktadirlar. Konteynerler saglam yapilar1 geregi afet bolgelerinde
kullanima uygun modiillerdir (Smith, 2006; Pefia & Schuzer, 2012).

e Insa siiresi ve iscilik: Konteyner yapilarda bina insas1 ve santiye hazirlik hareketleri es
zamanlt gerceklestirilebildiginden, insa siiresi azalmaktadir. Modiillerin hazir olarak
getirilebilmesi, yap1 sisteminin yalin olmasi, nakliye ve montaj siirelerinin ve is¢iligin
azaltilmasini saglamaktadir (Pefia & Schuzer, 2012; Kamali & Hewage, 2017).

e Maliyet: Insa siiresi ve isciligin azalmasi, maliyetin diismesine olanak tanimaktadir
(Jamaludin, 2021). Ancak konteynerlerin liman kentlerinden nakliye edilecegi géz 6niinde
bulundurularak maliyetin hesaplanmasi gerekmektedir (Akar vd., 2017).

MATERYAL VE YONTEM
Materyal

Calisma alam, Burdur ilinde bulunan Burdur Mehmet Akif Ersoy Universitesi’nin ana
yerleskesinde yer almaktadir. Istiklal Yerleskesi olarak bilinen bu alan, D650 Burdur-Antalya
karayolunun 8. kilometresinde konumlanmakta olup, toplamda 6.500.000 m?’lik bir yiizeye
sahiptir ve sehir sinirlarinin disinda bulunmaktadir. Topografik olarak, yerleske, yaklasik 1.300
ile 1.400 metre rakimlarda yer almakta ve riizgarl bir arazi yapisina sahiptir (Ozipek, 2018).
Bolgedeki hakim riizgar yonii giineydogudur. Kdppen-Trewartha iklim Smiflandirmas: (1991-
2020) verilerine gore; yerleske, Burdur ilinde bulunmasi dolayisiyla 1lik ve kuru iklim
ozellikleri gostermektedir (Sekil 1) (Meteoroloji Genel Miidiirliigii, 2024).
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MAKO ISTIKLAL

YERLESKESI

| Sekil 1. Calisma Alanin Konumu (Google Earth, 2024)

Ana yerleske planinda sosyal alan olarak belirlenen ¢aligma alani, 1.342 m?’lik bir alana
sahiptir. Bu ¢aligma alammin giiney ve dogu tarafinda, aktif durumda olan MAKU
Stadyumu’nun yer aldigi bir spor kompleksi bulunmaktadir. Batisinda ise insaat asamasindaki
Mimarlik-Miihendislik Fakiiltesi binas1 ve gelecekte insa edilmesi planlanan diger fakiilte
binalar1 yer almaktadir. Alanin kuzey kisminda ise yapay goletin bulundugu bir rekreasyon
alan1 mevcuttur (Sekil 2) (MAKU Yerleske Plani, 2018).

.| CALISMA ALANI |
LECITIM-ARASTIRMA
YAPILARI
g IDARI YAPILAR
GOLET

[EZTISPOR YAPILARI
N iBADET YAPILARI
N YURT YAPILARI
[N SOSYAL YAPILAR
[1UYGULAMA OTELI

Sekil 2. Burdur Mehmet Akif Ersoy Universitesi Ana Yerleske Plam1 (MAKU Yerleske Plani,
2018)

Yontem

Calismada oOnerilen tasarim modelinin gelistirilmesi i¢in Oncelikle tasarim girdilerinin elde
edilmesine yonelik aragtirma gergeklestirilmistir. Bu arastirmalar, ¢alisma alanina yonelik saha
calismasi, mekana verilecek isleve yonelik aragtirma, siirdiiriilebilir mekan tasarimi
stratejilerinin ve ilkelerinin belirlenmesine yonelik ¢alismalar ve nakliye konteyner yapilari
iizerine gergeklestirilmistir. Tasarim girdilerinin elde edilmesiyle birlikte tasarim asamasina
gecilmis, model Onerisinin yerlesim plan1 ve ii¢ boyutlu tasarimlari gerceklestirilerek
stirdiiriilebilir yerleske sosyal mekani (¢arsi) tasarim Onerisi ortaya konulmustur (Sekil 3).
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Calisma Alanina Yénelik Mekana Verilecek islevin Siirdiiriilebilir Mekan Naklive Konteyner Yapilar
Arastirma Belirlenmesi Tasarim y 4 L
Yerleskenin Durumu ve
Yerleske Planinin Elde 2 ihtiyact Yesil ve siirdiirilebilir Nakliye konteynerlerin
Edilmesi, Saha Ziyareti yapi sertifikasyon bzellikleri

(Alaninmn incelenmesi) Alana dair veri ve sistemleri
bilgiler (LEED ve BREEAM) Nakliye konteyner

y yapil teknik, islevsel
Calisma alanin analizi - Yerel, ekolojik ve organik > ve estetik

(IKklim, topografya tasarim -
riizgar ;e gPii:e; :yln;a Nakliye konteyner
durumu vb.) Biyofilik tasarim yapilarin avantaj ve
dezavantajlary

Yerlesim plamnin olusturulmas:
Ug boyutlu tasarimin gergeklestirilmesi
Siirdiiriilebilir sosyal mekan tasarim modelinin ortaya konulmas:

Sekil 3. Calismanin Ydntem Semasi

TASARIM
ASAMASI

Mekéan tasariminin siirdiiriilebilirligini saglamak i¢in belirlenen ilkelerin gruplandirilmasinda
ise Karaaslan (2021)’1n calismast baz alinmistir (Sekil 4).

Yasam Dongusi

'. a-Enerjinin etkin | A i . .
Kkullanim a-Yapi oncesi | a-Ekoloji
| ©-Suyun etkin | bYapidonemi | | beErisebilirlik
kullamm b B
c-Sorumlu malzeme | :
| ve kaynak kullanimi | c-Yapi sonrast c-Insan odaklilik

Sekil 4. Mekan Tasarﬁmndé S.ﬁrdﬁrﬁlebilirligin éaglamasma Yonelik ilkeler

BULGULAR

Burdur Mehmet Akif Ersoy Universitesi yerleskesi genis bir alan iizerine kurulmus, lineer
yerlesime sahip bir yapidadir. Insaat halinde olan (Miihendislik-Mimarlik Fakiiltesi) ve
yapilmasi planlanan fakiilte binalari ile spor tesislerinin mevcut ¢arsi (Unipark) ile arasindaki
mesafe 1-1,5 km, yemekhane ile olan mesafe ise 2 km’nin {izerindedir. Calisma alaninin
mevcut durumu Sekil 5’de verilmistir.
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Yerleske Cok Amacl Carsi Tasarimi Onerisi

Yerleskenin durumu, ihtiyaglar1 ve alanin 6zellikleri dikkate alinarak, ¢alisma alanina 6zellikle
ilgili fakilteler ve spor tesisleri kullanicilarinin yeme-igme, market, kirtasiye gibi giinliik
ihtiyaglarii1  karsilamak icin kolayca erisilebilecek bir carsi islevinin uygun olacagi
distiniilmiistiir. Ayrica tiniversite 6grenci topluluklarinin kullanabilecegi mekanlarin kisith
olmas1 nedeniyle carsida yer alacak mekanlarin bir kisminin topluluklara tahsis edilebilecegi
Ongorilmiustiir.

Tek ve iki katli yapilardan olusan ¢ars1, yatay mimari esasina gore tasarlanmigtir. Carsida yer
alan yapilarin ana malzemesi, nakliye konteynerlerinin yap: nitesi olarak kullanilmasidir.
Yapilarin zemin katlari, ii¢ adet 40’ nakliye konteynerinin yan yana birlestirilmesiyle
olusturulmustur. Ust katlarin kapali mekénlar1 i¢in de aymi biiyiikliikte tek konteyner
kullanilmus, diger kisimlar agik mekan (balkon) olarak degerlendirilmistir. Diikkanlarin zemin
katlar1 84 m? (28m? x 3), iist katlar ise 28 m?’lik alana sahiptir (Sekil 6).

Calisma alaninin  tasariminda, belirlenen yontem cergevesinde “Mekén Tasariminda
Stirdiirtilebilirligin Saglanmasina Y onelik Ilkeler” g6z 6niinde bulundurularak etkili bir tasarim
stireci yliriitilmistir.

I- Kaynak Yénetimi
a) Enerjinin etkin kullanimi

Pasif iklimlendirme: Konteyner ¢arsisinin tasariminda, alanin iklim kosullari, riizgar yonii ve
giines 15181 alma durumu g6z onilinde bulundurularak ¢arsinin girisi, avlu ve yapilarin yonelimi
ile yapilarin birbirleriyle ve avlu ile olan iliskileri dikkate alinarak bir yerlesim plani
olusturulmustur. Iliman-kuru iklim 6zelliklerine sahip olan bu calisma alaninda, yapilarin
yerlesimi iklim kosullarima uygun bir sekilde gergeklestirilmistir (Sekil 7). Enerjinin etkin
kullanimi, yap1 yasam dongiisiiniin her asamasinda dnemli bir kriter olarak belirlenmistir. Bu
yaklasim, insaat sonrasi enerji maliyetlerini azaltmay1 amaglamaktadir.
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Egm = =2 E EEE'":'DD B B

o[ala B 8 B

Soguk Iklim Sicak-Nemli [klim Sicak Iklim liman Iklim
Sekil 7. Iklime Gére Ideal Yap: Yerlesimleri (Karaaslan, 2011)

Konteyner carsisinin yerlesiminde acik ve kapali mekanlarin giinesten yararlanabilmeleri i¢in
carsinin ana girisgi giiney cepheden konumlandirilmig, “L” ve “T” bigiminde kiimelenen yap1
modiilleri avluya dogru yonlendirilmistir. Yapilarin giliney kisimlarindaki agikliklar genis
tutularak giines 15181ndan maksimum diizeyde faydalanmalari saglanmistir. Kuzey cephesinde
ise minimum diizeyde ac¢iklik birakilmistir. Carsinin hakim riizgar yonii olan glineydogusunda
agaclandirma ile perdeleme yapilarak riizgar hizinin azaltilmasi saglanmistir (Sekil 8).

K

Sekil 8. Konteyner Carst Tasarimi Genel Goriiniim

Alternatif enerji kaynaklarmin kullanimi: Konteyner modiillerin giiney cephelerinde bulunan
pencerelerde solar pencerelere yer verilmistir. Giines 1sinlarini dik alacak uygun alanlarda ise
giines panelleri kullanilarak alternatif enerji kullanimi saglanmistir. Bu sayede temiz ve
yenilenebilir enerji kaynaklar1 kullanilarak maliyetlerin diistiriilmesi hedeflenmistir.

Enerji tasarrufu saglayan detaylandirma ve malzeme sec¢imi: Mekan tasariminda nakliye
konteyner modiillerinin entegrasyonu, konteynerlerin geri doniisiim siireclerinde enerji
tasarrufu saglamaktadir. Modiiler yapilar1 sayesinde, geleneksel insaat yontemlerinde
harcanacak enerjinin azaltilmasina olanak tanimaktadir. Celikten iiretilen konteynerler, 1s1y1
hizla alip vermeleri nedeniyle yalitim gerektirmektedir. Giinlimiizde i¢ ve dig yalitimda
kullanilabilecek pek ¢ok malzeme mevcuttur. Is1 yalittiminin etkinligi i¢in, zararli bilesenler
icermeyen, sentetik olmayan ve korozyona neden olmayan malzemelerin tercih edilmesi
onerilmektedir. Bunun yani sira, bu ¢alismada, dogrudan giines 151g1na maruz kalan konteyner
cat1 alanlarinda ekstansif cati bahgelerinin kurulmas: Onerilmektedir. Ayrica, c¢apraz
havalandirma sistemleri ile mekanik havalandirma icin gereken enerji tiiketiminin azaltilmasi
hedeflenmistir. Alinan bu tedbirler sayesinde yalitimin iyilestirilmesi saglanmis ve yapinin
omriiniin uzatilmasi amaclanmistir. I¢ ve dis mekan aydinlatmasinda enerji verimliligi
saglamak amaciyla da LED aydinlatma sistemlerine yer verilmistir.
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b) Suyun etkin kullanimi1

Yagmur suyunun toplanabilmesi i¢in konteyner carsida uygun alanlar olusturulmustur. Ayrica,
caligma alaninin yakin ¢evresinde yagmur suyu hasadi i¢in olusturulmus yapay bir golet
bulunmaktadir. D1s mekan tasariminda sulama ihtiyaci diisiik bolge iklimine uygun bitkiler
tercih edilmistir. Ancak, ihtiya¢ halinde kampiiste bulunan paket aritma sistemleri ile geri
doniistiiriilmiis gri sudan yararlanilabilecektir.

Yiizey akisinin engellenmesi ve taban suyunun beslenmesi amaciyla dis mekan zemin
kaplamasinda gecirgen yiizeylere yer verilmistir. Ayrica, yagmur suyunun yonetimi i¢in tek
katli konteynerlerin catilarinda ekstansif ¢ati1 bahgelerine yer verilmistir. Cati bahgelerinde,
yerel bakim ve sulama ihtiyact olmayan; dona ve kurakliga dayanikli, rejenerasyonu yiiksek
bodur c¢alilar, yosunlar ve ¢ok yillik yer ortiicii bitkiler tercih edilmistir. Carsinin avlusunda
bulunan siis havuzlarinin boyutlar1 ve derinlikleri minimum diizeyde tutulmustur. Bunlarin
yani sira, su tiiketiminin azaltilmasi i¢in diisiik debili ve fotoselli armatiirlerin kullanilmasi
onerilmektedir (Sekil 8).

c¢) Sorumlu malzeme ve kaynak kullanimi

Mekan tasariminda kullanilan yapilarin tamami, atil durumdaki nakliye konteynerlerinin geri
dontisimiinden elde edilerek kaynak ve atik tiiketiminin azaltilmasina katki saglamaktadir.
Ayrica, nakliye konteynerlerinin hem striiktiir hem de yap1 eleman islevini bir arada tagiyan
biitlinlesik yapilar olmasi, malzemeden tasarruf edilmesini saglamaktadir.

Mekan tasariminda kullanilan golgelendirme elemanlari ve zemin dosemelerinde dogal ve
kolay erisilebilir malzemeler tercih edilmistir. Pergolalarda ahsap; zemin dosemelerinde ise
travers, gegirgen beton bloklar ve ¢akil tas1 kullanilmustir. Bitkisel 6gelerin se¢iminde, yerel ve
kolay erisilebilir olmalar1 esas alinmistir (Sekil 9).

TS o

Sekil 9. Koriteyah‘er Ciarsl Ca;fTBaﬁlgeleri ve Siis Havuzlar1 Gériintiileri
I1- Yagsam Dongiisii

a) Yap1 oncesi

Mekén tasariminda nakliye konteynerlerinin yapi iinitesi olarak degerlendirilmesi ile atil
durumdaki konteynerlerin geri doniisiimii saglanmis; boylece kaynak ve malzeme tasarrufu
elde edilmistir. Nakliye konteynerlerin saglam ve dayanikli olmasi, yapilarin uzun 6miirlii

olmalarina olanak tanimaktadir. Ayrica konteynerlerin modiiler yapisi, yapi tasarimina
esneklik kazandirmaktadir.
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Bu asamada g6z onilinde bulundurulmasi gereken en 6nemli husus, ¢alisma alaninin deniz
kenarinda yer almamasi nedeniyle kullanilacak konteynerlerin tasinmasidir. Kara tasimaciligi
genellikle daha diisiik maliyetli olsa da sefer sayilar1 ve ulagim siireleri gibi unsurlarin dikkate
alinmas1 gerekmektedir. Mekan tasariminda tercih edilen diger malzeme ve unsurlarin yerel
ve/veya bolgesel olmasina 6zen gosterilmistir.

b) Yap1 donemi

Mekan Onerisinde kullanilan nakliye konteynerlerinin modiiler yapisi, hizli insa edilmelerine,
insaat isleri ve ekipmanlarindan tasarruf edilmesine ve atik kirliliginin azaltilmasina olanak
tanimaktadir. Konteyner yapi insaati sirasinda yerinde iiretilen atiklar, diger geleneksel
yontemler ile elde edilen yap1 insaatlarina nazaran %70 daha azdir (Islam vd., 2016). Ayrica
yapim siirecinde de daha ytiiksek is glivenligi saglanmaktadir. Konteynerler i¢in gerekli olan
zemin hazirligi genellikle daha az miidahale gerektirmekte olup, bu durum sahaya ve gevresel
ortama verilen zararin en aza indirilmesine katk1 saglar.

Calismada yapim siirecinde konteynerlerin zemine montajinda radye temel tipi tercih
edilmistir. Baglant1 elemanlari, bu sistem icerisinde yere yerlestirilen ¢elik plakalara
kaynaklanacak sekilde tasarlanmistir. Birimlerin montajinda yigma sistem ongoriilmiis olup,
kose baglantilar1 birbirlerini sabitlemek ve sistemi bir arada tutmak amaciyla diistiniilmiistiir.
Tasarimda ise toksik olmayan ve bakim-onarim gerektirmeyen malzemelerin tercih edilmesine
0zen gosterilmistir.

¢) Yap1 sonrasi

Konteynerler iiretim amaci nedeniyle birgok dogal dis kosullara (yagmur, kar, firtina vb.)
direnclidirler. Ayrica kullanildiklar1 alanlarda meydana gelebilecek dogal afetlere de (deprem,
yangin vb.) dayaniklidirlar. Celik yapilar ¢evresel zorluklara karsi giiglii koruma saglar. Bu
yapilarin kullanim siiresi boyunca belirli araliklarla diizenli denetimlerinin gerceklestirilmesi
ve dis ylizeyde asinma, paslanma veya hasar olup olmadiginin kontrol edilmesi gerekmektedir.
Ozellikle gelik konteynerlerde paslanma riski mevcut oldugundan, yapmin periyodik olarak
boyanmasi veya koruyucu kaplamalarla bakiminin yapilmasi biiyiik bir 6nem tagimaktadir.

Nakliye konteynerlerini kullanmak g¢evre dostu bir secenektir. Tasarimda kullanilan nakliye
konteynerleri, d6mriinii tamamladiginda yeni gereksinimlere adapte edilebilir veya eritilerek
malzeme olarak yeniden kullanilabilir. Ayrica, nakliye konteynerlerinin saglam ve modiiler
yapist ile tasinabilir olmasi, arsanin ve yapilarin yeniden kullanilabilmesine olanak
saglamaktadir.

I11- Yasam Kalitesi
a) Ekoloji

Konteynerlerin yapt modiilii olarak kullanimi, yeni malzeme ihtiyaglarini azaltarak dogal
kaynaklarin korunmasina katkida bulunur. Bu durum, insaat siiregleri ve malzeme tiiketimi
acisindan cevresel etkilerin minimize edilmesine olanak tanir. Konteyner yapilar, cevresel
etkileri azaltma ve siirdiiriilebilir yasam alanlar1 olusturma bakimindan 6nemli bir potansiyele
sahiptir. Uygun bir sekilde tasarlanip uygulandiklarinda, ¢evresel siirdiiriilebilirligi artirma
kapasitesine sahiptirler.
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Bu caligsmada, konteyner yapilar, peyzaj tasarimina esnek bir sekilde entegre edilmistir. Mekan
tasariminda, topografya ile uyum saglamak amaciyla yatay eksenli, tek ve iki katli yapilara yer
verilmigtir. Dogal ve yerel bitki tiirlerinin kullanimi, ¢im gibi sulama isteyen alanlarin
minimumda tutulmasi, gegirimli yiizeyler ve ekstansif ¢ati1 bahgelerinin kullanimu ile yeralti
taban suyunun desteklenmesi saglanmustir (Sekil 10).

AT e >
2

ekillO.Konteyner Cars1 Peyzaj Tasarimina iliskin Goriintii
b) Erisilebilirlik

Mekéan tasariminda yaya yollar1 ve toplu tasima noktalar1 ile baglant1 saglanmistir. Tasarimda
engelsiz erisimin saglanmasi i¢in agik ve kapali mekanlardaki yiikseklik farklari, sirkiilasyon
araliklari, rampa egimleri, kapt genislikleri ve agilis yonleri ile engelli kullanimina uygun
ekipmanlar detayli olarak planlanmistir.

¢) Insan odaklilik

Yap1 amactyla kullanilan konteynerlerde tasarlanan mimari hacimler, insanin ihtiya¢ duydugu
standartlar1 karsilayacak sekilde tasarlanmistir. Geometrik yapilar1 sayesinde, islevsel
amaglarina uygun olarak ¢esitli sekillerde tasarlanabilme esnekligine sahiptirler.

Yapilan mekan tasariminda da yapilarin boyutlari, yerlesimleri ve agikliklart ile disg-i¢ mekan
arasinda etkilesim olusturulmustur. Insan sagligi ve refahina katki sunan; su, bitki, hayvan,
dogal aydinlatma ve dogal havalandirma, dogal manzaralar ve ekosistemler, dogal malzemeler
gibi doganin dogrudan ve dolayli deneyimini saglayan biyofilik unsurlara yer verilmistir. Doga
ve insan saglina zarar veren toksik maddelerin kullanimindan kagmilmustir (Sekil 11).
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Sekil 11. Konteyner Carsida Yer Alan Biyofilik Unsurlara Dair Goriintii

Nakliye konteynerlerinin yap1 malzemesi olarak kullanimi, son yillarda alternatif bir yaklasim
olarak One cikmaktadir. Aragtirmalar, bu yapilarin islevsel doniisiimii, yagam dongiisii
analizleri, karbon ayak izi, yalittm malzemeleri, termal konfor ve enerji verimliligi gibi
konulara yogunlasmaktadir. Bu arastirmalar konteyner yapilar hakkinda cesitli bulgular
sunmaktadir. Calismalarda, bu yapilarin iiretim siireg¢lerinde 6nemli 6lglide enerji tasarrufu
sagladigi, geri doniistiiriilmiis malzeme kullanimini tesvik ettigi, CO2 emisyonlarini azalttigi
ve maliyet ile zaman tasarrufu sagladigi gibi olumlu 6zellikleri vurgulanmaktadir. Ayrica, bu
yapilarin yasanabilir alanlara doniistliriilmesi sirasinda iklim ve jeolojik kosullara uygun
sekilde ayarlanmasi gerektigi genel bir kabul gérmektedir. Nakliye konteynerlerinin yapisal
olarak kullanilmasi, gevre kirliligini ve beton atiklarini azaltarak siirdiiriilebilir ingaat1 tesvik
etmekte ve siirdiiriilebilirlik ile geri doniisiim agisindan 6nemli faydalar saglamaktadir.

Arastirmalar, konteyner yapilarin en 6nemli dezavantajlarinin diisiik termal ve akustik konfor
seviyeleri ile yiiksek elektrik iletkenligi oldugunu ortaya koymaktadir. Bu nedenle, enerji
tiikketimini azaltarak termal konforu artirmak amaciyla uygun yalitim malzemelerinin se¢imi,
pasif tasarim stratejileri ve dogal havalandirma gibi unsurlar biiyiik bir 6nem tagimaktadir.

Insaat sektorii, diisiik Ar-Ge yatirimlari ve verimlilik sorunlariyla miicadele etmektedir. Bu
baglamda, nakliye konteynerlerinin yap1 malzemesi olarak kullanimi1 kritik bir 6neme sahiptir.
Ancak, literatiirde bu yapilarla ilgili yapilan arastirmalarin sinirlt oldugu goriilmektedir. Bu
alanda akademik arastirmalar ile endiistri arasinda bir kopukluk mevcuttur ve mevcut akademik
calismalar yetersiz kalmaktadir. Bu yapilarin kullanimima dair yapilan incelemelerde,
Tiirkiye’de cogunlukla barinma amaciyla kullanildigini, oysa yurt disinda daha cesitli islevlere
sahip yapilarin mevcut oldugunu ortaya koymustur. Sonug¢ olarak, konteyner yapilarin
stirdiiriilebilirlik potansiyeli, malzeme se¢imi, tasarim kararlar1 ve enerji verimliligi stratejileri
ile dogrudan iligkilidir. Bu faktorlerin dikkate alinmasi, konteyner yapilarin ¢evresel etkilerini
azaltmada 6nemli bir rol oynamaktadir.

SONUC

Nakliye konteynerlerinin atil durumda geri doniistimii, maliyetli ve zahmetli bir siire¢ olmasina
ragmen, yap1 Unitesi olarak kullanimlar1 birgok avantaj sunmaktadir. Calismada da
vurgulandig iizere, nakliye konteynerleri yapi tasariminda pek ¢ok fayda saglamaktadir. Bu
nedenle, mimari agidan farkli cografyalarda ¢esitli formlarda ve islevlerde
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degerlendirilebilirler. Nakliye konteynerleri, mimari kaliplarin disina ¢ikarak konut, yurt, ofis,
kiiltiirel merkez, afet sonrasi acil durum yerlesimleri, egitim tesisleri, ticari yapilar gibi farkl
Olceklerde tekil veya c¢oklu kullaniciya hizmet eden islevsel yapilar olusturmak igin
kullanilabilir.

Bu caligmada da ftiniversite yerleskesi i¢in Onerilen ¢arsi projesinde yapr modiilii olarak
konteynerlerin kullanilmast 6nerilmis ve modiiler mimarinin avantajlarindan yararlanilmasi
hedeflenmistir. Arastirmada sunulan bulgular ve tasarim sonuglar1 dogrultusunda ¢aligma alani
icin baz1 6neriler gelistirilmistir.

Konteyner yapilarin insasindan once, tedarik edilecek noktanin ve nakliye siireclerinin
dikkatlice planlanmas1 6nem arz etmektedir. Nakliye konteynerlerinin, ¢alisma alanina en
yakin limanlar olan Antalya veya izmir limanlaridan temin edilmesi, ulasim giizergahlarinin
belirlenmesi ve maliyet hesaplamalarinin yapilmasi gerekmektedir.

Tasarim Onerisinde, yapilarin zemin katlar1 i¢in ii¢ adet 40’ nakliye konteynerinin uzun
kenarlarinin agilarak yan yana birlestirilmesiyle toplamda 84 m?’lik bir alan olusturulmasi
planlanmistir. Bununla birlikte, 68renci topluluklari i¢in 6ngdriilen alanlarda ve minimum
kullanim alaninin yeterli olabilecegi islevlerde, konteynerlerin birlestirilmeden, kisa
kenarlarinda giris alanlar1 olusturacak sekilde 28 m?’lik birimler halinde de kullanilabilmesi
icin bir esneklik saglanmustir.

Konteyner yapilarin hayata gecirilmesinde goz Oniinde bulundurulmasi gereken en kritik
unsurlardan biri, Oncelikle termal ve akustik konforun saglanmasidir. Konteynerler, celik
malzemeden iiretilmis ve modiiller olmalar1 nedeniyle yapi islevselliginde baz1 dezavantajlar
yaratabilmektedir. Ancak, yapimin uygun bir sekilde tasarlanmasi ve etkili bir 1s1 yalittminin
gerceklestirilmesi ile bu sorunlar asilabilmektedir. Caligmadaki gibi yapilarin pasif
iklimlendirme prensiplerine uygun olarak gelistirilmesi ve yapilara ¢at1 bahgelerinin entegre
edilmesi, 1s1l konforu artiric1 bir etki saglamaktadir. Ayrica, asbest igermeyen 1s1 yalitim
malzemelerinin kullanimi, tavan ve i¢ duvarlarda algipan uygulamasi ile zemin kaplamasi
olarak vinil ve hali dosemelerinin tercih edilmesi, 1s1l konforun desteklenmesi ag¢isindan
onemlidir. Akustik konforun saglanmasi i¢in duvarlarda ses yalittm malzemelerinin
kullanilmas1 gerekmektedir. Calismada, ¢at1 bahgelerinin yer aldig1 alanlarin tavanlarinda ses
yalittm malzemesi kullanilmasina gerek olmadig: belirtilmektedir; ¢linkii bu mekanlar, ses
yalittmina olumlu katkilar sunmaktadir.

Calismada yap1 ve peyzaj tasariminda kaynak yonetiminin etkin bir sekilde saglanabilmesi
amaciyla, solar pencereler, giines panelleri, capraz havalandirma sistemleri, golgelendirme
unsurlari, genis cat1 bahcgeleri, dogal ve yerel malzemelerin kullanimi, yerel ve sulama
gereksinimi olmayan bitkiler ile ge¢irgen yiizeylerin tercih edilmesi gibi unsurlara yer
verilmistir. Mekanin yasam dongiisii i¢in Onerilen bu uygulamalar yap1 sonrasi dénem ve
stirdiiriilebilirlik i¢in bir¢cok avantaj sunmaktadir.

Universite kampiisiinde konumlandirilmas1 ve ¢ars1 islevini etkin bir sekilde yerine getirmesi
amaciyla tasarlanan bu Oneriler, potansiyel 6grenci yurtlari, teknokentler, ticari ve sosyal
amaclh cesitli islevlere uyum saglayabilecek ve gelistirilebilecek siirdiiriilebilir mekan
tasarimlari arasinda bir model teskil etmektedir. Bu tasarimlar, hem akademik hem de sosyal
etkilesim alanlar1 yaratma potansiyeli tasirken, ayni zamanda cevresel siirdiiriilebilirlik
ilkelerine de uygun bir sekilde sekillendirilmektedir. Boylece, liniversite yerleskesinin dinamik
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yapisina katkida bulunarak, 6grenci ve toplum ihtiyaglarimi karsilayacak esnek ve islevsel
alanlar olusturulmasi hedeflenmektedir.

FINANSAL DESTEK BEYANI

Caligsma i¢in herhangi bir maddi destek alinmamastir.

CIKAR CATISMASI

Yazarlar arasinda herhangi bir ¢ikar ¢catismasi bulunmamaktadir.

ETiK KURUL ONAYI

Bu calisma i¢in etik kurul onay1 gerekmemektedir.
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ABSTRACT: Botanical gardens not only serve as areas that protect plant species, connect
users with nature, and function as educational spaces, but also act as essential green spaces for
urban populations. Urban green spaces can be utilized for a variety of purposes within the city.
Among these functions, one of the most crucial is their role as places where people feel safe
following potential disasters. In this study, a survey was conducted with 136 participants to
investigate the potential of the Ata Botanical Garden, one of the significant green spaces in
Erzurum, as an assembly and temporary shelter area after a disaster. The results revealed that
the majority of participants live in apartment complexes without gardens (43.4%), do not feel
safe where they currently reside (47.8%), and would prefer to live in safer places if given the
opportunity (52.9%). It was found that the botanical garden has a high potential as an assembly
area after a potential disaster (71.6%); however, in its current state, the garden is insufficient
for post-disaster use (28%). Several recommendations were made to adapt the area for such
purposes.

Keywords: Gathering areas, open green spaces, user preferences

ATA BOTANIK BAHCESI’NIN OLASI AFET SONRASI TOPLANMA ALANI
OLARAK KULLANICI TERCIHLERIN BELIRLENMESI

OZET: Botanik bahgeler bitki tiirlerini koruma altma alan, kullanicilar1 dogayla bulusturan,
cesitli egitim alanlar1 olusturan laboratuvar gorevi {istlenen alanlar olmasinin yan sira kent
halki i¢in en 6nemli agik-yesil alanlardan birini olusturmaktadir. Kentsel agik-yesil alanlar kent
icerisinde bir¢ok farkli fonksiyonlarda kullanilabilmektedir. Kentlerde bulunan agik-yesil
alanlar olas1 afet sonrasinda insanlarin gilivende hissettikleri mekanlarin basinda yer
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almaktadir. Bu ¢alismada Erzurum kentinin 6nemli yesil alanlarindan birisi olan Ata Botanik
Bahgesinin afet sonrasi igin toplanma ve gecici barinma alani olma potansiyeli arastirilmak
amactyla 136 kisi ile bir anket ¢aligmasi yiiriitiilmiistiir. Katilimeilarin cogunluk olarak kentte
bahgesiz toplu konutlarda yasadiklar1 (%43,4), yasadiklart yerde kendilerini giivende
hissetmedikleri (%47,8) ve firsatlar1 olsa daha giivenli yerlerde yasamak istedikleri (%52,9)
ortaya ¢ikmigtir. Olast bir afet sonrasinda botanik bahgenin toplanma alani potansiyelinin
yiiksek oldugu (%71,6) bununla beraber alanin mevcut hali ile afet sonras1 kullanim i¢in yeterli
olmadigr (%28) sonucuna ulasilmistir. Alanin bu amagcla da kullanilmasina yonelik bazi
Onerilere yer verilmistir.

Anahtar Kelimeler: Toplanma alanlari, agik-yesil alan, kullanici tercihleri

INTRODUCTION

One of the most significant factors contributing to the rapid urbanization in our country is the
attraction of cities due to the job opportunities created in urban areas. As a result, population
growth driven by migration from rural areas has begun (Atalay, 2008). Economic and physical
problems arise due to human-induced disasters caused by both natural and unplanned
urbanization, depending on the physical characteristics of the regions where cities are
established (Sahin & Uggiil, 2019).

Since the dawn of humanity, people have sought ways to understand and contend with nature
(Sahin & Uggiil, 2019). Disasters, commonly referred to as "kiran" among the public, are
defined as natural or human-induced events that cause material and emotional damage in
settlements and disrupt regular activities (AFAD, 2012). Disasters are sudden occurrences that
lead to various losses. Events such as landslides, avalanches, rockfalls, floods, and earthquakes
are classified as disasters. In addition, occurrences like drought, climate change, and
deforestation, which result in the loss of lives and property, are also considered disasters (Varol
& Giiltekin, 2016).

The United Nations University Institute for Environment and Human Security (UNU-EHS)
evaluated the disaster potential and risk assessment of 171 countries using 28 indicators such
as floods, earthquakes, and storms in its 2016 World Risk Report. Among 171 countries,
Turkey ranked 106th with a World Risk Index score of 5.20, placing it in the low-risk category.
Although Turkey appears to be a low-risk country, its disaster management risk score is
approximately 69%, and its exposure risk score is around 12%, positioning it among high-risk
countries and medium-level nations in terms of adaptability (Ersoy, 2017).

In Turkey, earthquakes causing both material and emotional damage have occurred on average
every five years. It has been reported that approximately 100,000 people have lost their lives
(Table 1), 2,100 have been injured, and more than 7,000 buildings have been destroyed as a
result of these earthquakes (AFAD, 2012). These earthquakes have resulted in significant loss
of life and property, causing both material and emotional harm.

Table 1. Major Earthquakes In Our Country

Year Province Magnitude Death Toll
ofEarthquake

1924 Erzurum Earthquake (Horasan) 6,8 60

1939 Erzincan Earthquake 7,9 33 000
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1966 Mug Earthquake (Varto) 6,9 2.396
1970 Kiitahya Earthquake (Gediz) 7,2 1.086
1971 Bingol Earthquake 6,8 878
1975 Diyarbakir Earthquake (Lice) 6,6 2.385
1976 Van Earthquake (Muradiye) 7,5 3.840
1983 Erzurum-Kars Earthquake 6,8 1.151
1992 Erzincan Earthquake 6,6 653
1999 Kocaeli Earthquake (Golciik) 7,8 17.840
1999 Diizce Earthquake 7,2 894
2003 Bingdl Earthquake 6,4 176
2011 Van Earthquake 7,2 601
2020 Elazig Earthquake 6,8 44
2020 Izmir Earthquake 6,6 117
2023 Kahramanmarag Earthquake 7.8(x0.1)and 7.5 +50.783

The primary goal in landscape architecture studies is to conserve existing resources and ensure
a balance between usage and preservation, while planning, designing, and maintaining spaces
within an ecological framework through functional and aesthetic efforts. In this context, the
concept of geo-design has emerged with the aim of reducing exposure to disaster risks by
identifying suitable areas for designs and minimizing problems caused by such risks (Kir¢in et
al., 2017). Geo-design is one of the key methods used in disaster risk reduction by selecting
appropriate locations through various analyses during the landscape planning process. Disaster
management involves two phases: pre-disaster and post-disaster, and the importance of
landscape planning in mitigating physical and psychological damage becomes evident after a
disaster (Ciga, 2020).

In the post-disaster reconstruction process, alongside economic and physical rebuilding, social
restructuring also takes place. Therefore, in order to reduce psychological and social problems,
it is crucial to create an environment that facilitates users' adaptation to their surroundings as
they strive to return to normal life and meets their needs (Diizenli et al., 2017). Post-disaster
assembly areas are divided into two categories: emergency assembly areas and temporary
shelter areas (Maral, 2016). Emergency assembly areas are spaces that people can quickly
access in the immediate aftermath of a disaster, while temporary shelter areas are designated
to meet people's needs post-disaster. Temporary shelter areas must be designed to provide basic
needs such as water, communication, and infrastructure (Sentiirk & Erener, 2017; Caliskan,
2019). The identification and planning of appropriate locations for emergency assembly and
temporary shelter areas before disasters are critical topics within landscape planning (Ciga,
2020).

According to the Sphere Project, temporary shelter areas should be located near city centers,
be suitable for habitation, provide security and peace, and not cause harm to the environment.
The area should be accessible, located at least 3 meters above the rainwater basin in case of
rainy weather, have good soil drainage and be suitable for excavation, and should not pose risks
such as disease or landslides. The slope of the land should not exceed 7%, and the area should
not be agricultural land. If there is no sewer connection, septic tanks should be available, and
the area should have electricity and water connections. Temporary shelter areas should provide
45 m? per person, including infrastructure (Ciga, 2020).

In our country, standards set by AFAD (Disaster and Emergency Management Authority) exist
regarding emergency assembly areas. When selecting these areas, the following factors must
be considered:
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* Population,

* Accessibility,

* Ensuring accessibility for the disabled and elderly as much as possible,

* Distance from secondary hazards,

* Preference for flat terrains,

* Proximity to residential areas, but far enough to remain unaffected by the disaster,
* Proximity to structures that can meet basic needs (Dogan, 2023).

In temporary shelter areas, container and tent placements should have at least 8 meters of
clearance from the entrance door and at least 15 meters from main roads. Containers should
provide a minimum of 3.5 m? per person, have a minimum elevation of 30 cm above the ground,
and include infrastructure for facilities such as bathrooms, toilets, and kitchens. They should
be equipped with a power supply of 15 kW, be made from waterproof and fire-resistant
materials, and have durable and unbreakable floors. Tents should also provide at least 3.5 m?
per person, with the upper part constructed from double layers or insulating materials. They
should have a power capacity of 5-7 kW and include lockable doors. Temporary shelter areas
should be less than 500 m?. Containers or tents should be provided at a rate of 3.5 m? per person,
with at least 2 meters of space between each unit (AFAD, 2015).

Several studies have been conducted regarding the potential of open-green spaces as assembly
areas following disasters. Maral (2015) reported that in Izmir, the selection of assembly and
tent areas did not comply with the international standards set by AFAD. It was anticipated that
proper planning could address communication and interaction problems. A study conducted in
Gilimiishane identified that the selected assembly areas were particularly unsuitable from a
population perspective, and recommended more accessible alternative areas (Sirin, 2020).
Palazca (2020) addressed the positioning and capacities of green spaces in the city after a
disaster, while Kalkan (2022) noted that open-green areas did not meet the requirements as
assembly areas. Saygili and Akpinar (2022) categorized open-green areas and assessed their
adequacy, and Uyar and Ozkan (2023) found that assembly areas were insufficient in relation
to the population. A study on the adequacy of open spaces in the Aydin-Efeler district for
disaster and emergency assembly determined that while the total number of assembly areas
was adequate relative to the population, they were insufficient at the neighborhood scale.

Ozdikmen (2015) emphasized the necessary actions to be taken in and after disaster situations,
and Erdin et al. (2018) identified that earthquakes, floods, and landslides are the most frequent
natural disasters in Turkey. The study found that visitors primarily mentioned earthquakes,
rockfalls, and landslides.

Adigiizel (2024) listed the functions that parks should have for use in potential disaster
situations, including administrative buildings, security, parking, areas that could serve as
hospitals, sports fields, picnic areas that could be converted into tent areas if necessary,
playgrounds, hobby gardens, cafeterias, hard surfaces that could be used as tent areas, seating
areas, restrooms, showers, changing cabins, storage areas, charging stations, water tanks,
fountains, waste collection areas, and infrastructure systems. The study also found that while
Ata Botanical Garden is suitable for use as a post-disaster assembly area, its current state
presents several opportunities but is still insufficient.

In terms of seismicity, Erzurum, located in the Eastern Anatolian Compression Zone, is situated
between the North Anatolian Fault Zone and the Eastern Anatolian Fault Zone. The area,
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characterized by active tectonic surfaces and fault systems, features prominent fault zones
including the Askale Fault Zone, Baskdy-Kandilli Fault Zone, Palandoken Fault Zone, and
Erzurum-Dumlu Fault Zone. Throughout history, these four fault zones have experienced and
continue to experience various destructive earthquakes (Anadolu Kilig, 2021).

By examining active fault zones in Erzurum, five earthquake regions have been identified. The
city center of Erzurum is designated as a 2nd-degree earthquake region (Figure 1). The
population density in Erzurum is highest in the Aziziye, Palanddken, and Yakutiye districts.
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Figure 1. Earthquake Risk Map of Erzurum Province by Districts

The districts of Palanddken and Yakutiye in Erzurum city center are primarily situated on old
alluvial soils. These areas are marked in pink on the geotectonic map, indicating problematic
areas that require preventive measures. Due to the varying groundwater levels between 35-150
meters, there is a forecast of potential issues such as soil liquefaction in the event of an
earthquake (AFAD, 2021).

The Ata Botanical Garden, one of the important open-green spaces in Erzurum, has become a
frequently visited site due to its recreational facilities. Botanical gardens offer numerous
benefits, including opportunities to spend time in nature, recreational activities, viewing
various plant compositions together, and preserving plant diversity. This study aims to evaluate
the suitability of Ata Botanical Garden as an assembly and temporary shelter area in the event
of a disaster for the city of Erzurum, which is located in an earthquake-prone zone. The study
seeks to answer the question: “Does the garden have the physical potential to serve the people
of Erzurum in the aftermath of a potential disaster?
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MATERIAL and METHOD

The study area is the Ata Botanical Garden, located within Atatiirk University in Erzurum,
covering approximately 35 hectares. The garden was designed and established in 2005 by Prof.
Dr. Hasan Yilmaz. Around 100,000 m? of the Ata Botanical Garden features various landscape
applications. Additionally, there is a large hobby garden within the boundaries of the botanical
garden. The actively used section of Ata Botanical Garden includes an artificial pond, bridges,
seating areas, an irrigation system, lighting elements, walking paths, terraces, a jogging track,
a parking lot, and grassy areas (Figure 2) (Yilmaz, 2012). The study area consists of the Ata
Botanical Garden within Atatiirk University in Erzurum, which has an area of approximately
35 ha. The garden was designed and implemented by prof. Dr. Hasan Yilmaz in 2005. Various
landscaping applications are included in approximately 100,000 m? of the Ata Botanical
Garden. There is also a large hobby garden within the boundaries of the botanical garden. In
the part actively used in the Ata Botanical Garden, there are artificial ponds, bridges, seating
areas, irrigation system, lighting elements, walking paths, terraces, running path, parking lot
and grass surfaces (Y1lmaz, 2012).

VRN
LN

Figure 2. ATA Botain}cal lécétion map and some images. (H. Yilmaz)

In the study, after conducting a literature review on the topic, a questionnaire was prepared for
the users of Ata Botanical Garden. During the fall semester of 2023, a total of 136 people were
surveyed on different dates (Appendix 1). The sample size for the questionnaire was
determined using simple random sampling methods (Yazicioglu, 2004; Lai & Nepal, 2006).
The results were analyzed using the SPSS statistical program, subjected to the chi-square test,
and presented graphically along with some recommendations. The chi-square test was used to
evaluate the differences between variables, tested at a 95% confidence interval. The results
were analyzed with the SPSS statistical program, and presented graphically with some
recommendations.
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The source used for calculating the sample size is as follows:

N.P.Q.74

(N-1). 4 2
N: Population size,
n: Sample size
P: Proportion of occurrence of X in the population
Q: (1-P): Proportion of non-occurrence of X
Zo. : o= 1.96 for a =10.05
d: Sample error with a = 0.05 (d = 0.10)

For Ata Botanical Garden, with a population size of 15,000, the sample size calculation is as
follows:

N=31260%0.5*0.5%(1.96)? :( 31260-1)*(0.10)*=96

In 2022, Ata Botanical Garden hosted approximately 31,260 visitors. Considering additional
visitors such as unregistered guests, guest visitors, and Atatiirk University staff, it was
anticipated that the population size would be larger, leading to an increase in the sample size
from 96 to 136. This adjustment was made to improve accuracy as the number of respondents
increases.

RESULTS

Of the survey participants, 52.9% are female and 47.1% are male. The age distribution of the
participants is as follows: 71.1% are between 19 and 25 years old, 27.4% are between 26 and
40 years old, and 1.5% are either 0-18 years old or over 60 years old. Regarding occupation,
58.1% are students, 9.6% are civil servants, 7.4% are workers, 4.4% are self-employed
professionals, 0.7% are homemakers, and 19.9% belong to other occupational categories.
Additionally, 51.1% of the participants have a university degree, 36.6% have completed high
school, 12.6% have other educational backgrounds, and 0.7% have completed elementary
school.

Generally, 43.4% of the participants live in apartment complexes without gardens, 32.4% live
in apartment complexes with gardens, 1.2% live in detached houses with gardens, and 8.1%
live in other types of housing. Among the participants, 60% of women and 56% of men, as
well as nearly half (47.8%) of the university graduates who constitute the majority, reported
living in apartment complexes without gardens. In this context, the type of housing in which
visitors reside is found to be significantly associated with their educational background (p <
0.05) at a 95% confidence level (Table 2).

Table 2. Analysis of the Types of Residences of Participants

Detached Apartment Apartment Other
House/Garden House  Building Without Building with
Garden Garden
N % N % N % N %
Gender Female 24 16,9 60 423 46 324 12 8,5
Male 18 14.1 56 43.8 44 344 10 7,8
Total 42 15.6 116 43 90 333 22 8,1
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Chi-square (x*) = .487

Significance value=3.443*

Age 0-18 0 0.0 2 100.0 0 0.0 0 0.0
19-25 28 17.3 64 39.5 58 35,8 12 7.4
26 of 40 12 13,6 44 50 24 273 8 9,1
41-60 0 0 2 20 6 60 2 20
60 and 2 2 4 50 2 2 0 0
above
Total 42 15.6 116 43 90 333 22 8,1
Chi-square (x?) =.293 Significance value=14.120*
Occupation _Employee 4 20 10 50 4 20 2 10
Officer 0 0.0 18 69.2 8 30,8 0 0.0
Self- 2 16.7 4 333 4 333 2 16.7
Employment
Student 28 17.9 58 372 56 359 14 9.0
Other 8 14.3 26 464 18 321 4 7,1
Total 42 15.6 116 43 90 333 22 8,1
Chi-square (x?) =.196 Significance value=15.898*
Educational Primary 0 0 0 0 0 0 2 100
Status School
High School 12 12.5 42 43.8 38 39.6 4 4,2
Graduate
University 24 17.4 66 47.8 40 290 8 5,8
Graduate
Other 6 17,6 8 23,5 12 353 8 23,5
Total 42 15.6 116 43 90 333 22 8,1

Chi-square (x?) =.000

Significance value=41.901*

When asked about the primary disaster risk in Erzurum, 83.8% of the participants identified
earthquakes, 2.9% identified rockfalls, 2.2% identified landslides, 2.2% identified floods, and
8.8% chose other options. In this context, determining the most likely natural disaster in
Erzurum is found to be significant with respect to age, occupation, and educational background
(p <0.05) at a 95% confidence level (Table 3).

Table 3. Primary Natural Risks in Erzurum According to Participants

Flood Landslide Earthquake Rockfall Other
N % N % N % N % N %

Gender Female 2 1,4 4 2.8 116 81,7 4 2.8 1 11.3

Male 4 3.1 2 1,6 110 859 4 6,3 8 6,3

Total 6 2,2 6 2,2 226 83,7 8 3,0 24 8,9
Chi-square (x?) =.196 Significance value=15.898*
Age 0-18 0 0 2 100 0 0 0 0

19-25 4 2.5 4 2.5 144 889 2 1,2 8 4,9

26 of 40 2 2.3 2 23 72 81.8 0 0.0 12 13,6

41-60 0 0.0 0 00 6 60.0 2 200 2 20.0

60 and 0 0.0 0 00 2 250 4 50,0 2 25.0

above

Total 6 2,2 6 2,2 226 83,7 8 3,0 24 8,9
Chi-square (x) =.000 Significance value=88.378"
Occupation Employee 0 0.0 0 0.0 14 70,0 0 0.0 6 23,1

Officer 0 0.0 0 0.0 20 769 0 0.0 6 23,1

Self- 0 0.0 0 0.0 10 833 0 0.0 2 16.7

Employment

Student 4 2 4 2 138 885 2 1.3 8 5,1

Other 2 3, 2 3, 44 78,6 4 10,7 2 3,6

Total 6 2,2 6 2,2 226 83,7 8 3,0 24 8,9
Chi-square (x*) =.001 Significance value=40.407*
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Educational Primary 0 0.0 0 00 O 00 O 0.0 2 100.0
Status School
High School 2 2,1 4 42 84 875 0 0.0 6 6,3
Graduate
University 4 2.9 2 1.4 112 812 6 4,3 14 10,1
Graduate
Other 0 0.0 0 0.0 30 882 2 59 2 59
Total 6 2,2 6 2,2 226 83,7 8 3,0 24 8,9
Chi-square (x?) =.002 Significance value=30.722*

Regarding the question of whether the buildings and neighborhoods where participants live are
disaster-resistant, 47.8% answered "no," 25% answered "yes," and 27.2% selected "no
opinion." Among the occupational groups, workers were most likely to answer "no" (16%),
civil servants were most likely to answer "no opinion" (10%), self-employed individuals were
most likely to answer "yes" (6%), students were most likely to answer "no" (70%), and those
in other occupations were also most likely to answer "no" (32%) (Figure 3).

Is There a Post-
Disaster
Gathering Area
in Your
Neighborhood?

M yes
M Mo
M No Idea

60

Percentage

Woman Man

Gender
Figure 3. Participants' Views on the Disaster Resilience of Their Living Areas

In response to the question, "Is there a gathering place in your neighborhood after a disaster?"
the overall answers were 36% "yes," 38.2% "no," and 25.7% "no opinion." As shown in Figure
4, 52% of women answered "yes," while 52% of men answered "no."

In response to the question, "Is Ata Botanik Garden suitable for the development of a new area
as a post-disaster living space?" the overall answers were as follows: 24.4% said "very
suitable," 28.9% said "suitable," 22.2% said "somewhat," 14.1% said "no opinion," 7.4% said
"not suitable," and 3% said "not at all suitable."
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Figure 1. Participants' Opinions on Post-Disaster Gathering Places by Gender

As shown in Table 4, 28.2% of women responded "suitable," while 29.7% of men also
answered "suitable." Among the participants, individuals aged 19-25 were the majority who
found it "suitable" (34.6%), as well as students (32.1%) and high school graduates (47.9%).
This indicates that the suitability of the botanical garden for post-disaster use is statistically
significant based on gender, age, occupation, and education level at a 95% confidence level
(p<0.05).

Table 4. Suitability Analysis of Ata Botanic Garden as a Gathering Area After a Potential

Disaster
Very Suitable Partially Not No Not
Suitable Suitable suitable Opinion Suitable at
All
N % N % N % N % N % N &
Gender Female 30 21,1 40 282 38 268 14 99 20 141 0 0.0
Male 34 266 38 297 24 188 6 47 18 141 8 6,3
Total 64 237 78 289 62 230 20 74 38 141 8 3,0
Chi-square (x*) =.015 Significance value=14.080*
Age 0-18 0 00 2 100 0 00 0 00 0 0.0 0 0.0
19-25 30 18,5 56 34,6 32 198 12 74 24 148 8 4,9
26 of 40 24 273 18 205 24 273 8 91 14 159 0 0.0
41-60 8 80.0 2 200 0 00 0 00 0 0.0 0 0.0
60 and 2 20 2 250 4 500 0 00 O 0.0 0 0.0
above
Total 64 237 78 289 2 230 20 74 38 141 8 3,0
Chi-square (x?) =.002 Significance value=42.720*
Occupation _Employee 2 10,0 8 40,0 6 300 0 00 4 200 0 0.0
Officer 12 42 4 14 6 23,1 2 77 2 7,7 0 0.0
Self- 8 66,7 4 333 0 00 0 00 O 0.0 0 0.0
Employment
Student 30 192 50 321 32 205 16 103 24 154 4 2.6
Other 12 214 12 214 18 321 2 3, 8 143 4 7,1
Total 64 237 78 289 62 230 20 74 38 141 8 3,0
Chi-square (x) =.004 Significance value=41.175"
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Educational Primary 2 100 O 00 0 00 0 00 0 0.0 0 0.0
Status School
High School 22 229 46 479 18 188 0 0.0 8 8,3 2 2,1
Graduate
University 36 2,1 24 174 36 2,1 1 11 22 159 4 2.9
Graduate
Other 4 11.8 8 23,5 8 235 4 11.8 8 235 2 5,9
Total 64 237 78 289 62 230 20 74 38 14.1 8 3,0

Chi-square (x?) =.000

Significance value=46.084"

Regarding the question, "Does the current condition of Ata Botanik Garden have the
potential to serve as a gathering area for the people of Erzurum after any disaster?" the
responses were as follows: 71.6% answered "yes," 15.7% answered "no opinion," and 12.7%
answered "no." This indicates that determining the potential of the botanical garden to serve as
a gathering area in the event of a disaster is statistically significant based on gender, age, and
occupation at a 95% confidence level (p<0.05) (see Table 5).

Table 5. Analysis of the Potential of Ata Botanic Garden as a Gathering Area

Gardened/Detached House

Non-Gardened Multi-

Gardened Multi-Unit

Unit Housing Housing
N % N % N %

Gender Female 98 69 14 9.9 30 21,1

Male 94 73,4 20 1,9 14 10.9

Total 192 71.1 34 12 44 16.3
Chi-square (x*) = .044 Significance value=.251?*
88 0-18 0 0.0 2 100 0 0.0

19-25 118 72.8 16 9.9 28 17.3

26 of 40 56 63,6 16 18,2 16 18,2

41-60 10 100.0 0 0.0 0 0.0

60 and above 8 100.0 0 0.0 0 0.0

Total 192 71.1 34 12.6 44 16.3
Chi-square (x?) =.001 Significance value=25.375"
Occupation Employee 12 60.0 4 20.0 4 20.0

Officer 18 69.2 6 23,1 2 7,7

Self- 12 100.0 0 0.0 0 0.0

Employment

Student 106 67,9 16 10.3 34 21.8

Other 44 78,6 8 14.3 4 7,1

Total 192 71.1 34 12.6 44 16.3
Chi-square (x?) =,031 Significance value=16,960*
Educational Primary 2 100.0 0 0.0 0 0.0
Status School

High School 72 75 10 10,4 14 14.6

Graduate

University 94 68,1 22 15.9 22 15.9

Graduate

Other 24 70 2 ,9 8 23,5

Total 192 71.1 34 12.6 44 16.3

Chi-square (x?) =.509

Significance value=5.273*

When asked, "What opportunities does Ata Botanik Garden offer to serve as a post-disaster
gathering place?" the participants responded as follows: 22.5% identified large grassy areas,
21.3% identified vacant spaces, 16.6% identified wooded areas, 13.4% identified restrooms,
12.5% identified water sources, 7.6% identified parking spaces, and 6.1% identified vehicle
pathways as contributing factors for its potential as a post-disaster gathering place.
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Regarding the question, "What features would you prioritize for the proposed post-disaster
living area at Ata Botanik Garden?" the respondents were asked to rank their preferences, and
the evaluation results are illustrated in Figure 5.
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Figure 5. Priority Physical Structures Required in Post-Disaster Living Areas

CONCLUSION and DISCUSSION

Botanical gardens are open-green spaces that provide opportunities for individuals to connect
with nature, create recreational areas, and preserve plant diversity through the collection of
various plant species. While botanical gardens serve recreational purposes like other gardens,
they are distinguished by their roles in education and scientific research. Therefore, botanical
gardens should be approached with different techniques to create sustainable green spaces
(Okan, 2022).

Urban open-green spaces are often deemed suitable and preferred for use as gathering areas.
This highlights the importance of incorporating disaster-focused policies into land use plans in
cities prone to disaster risks (Palazca, 2020). However, according to Gerdan's 2019 study,
identified gathering areas were found to be insufficient, and open-green spaces were deemed
unsuitable for post-disaster scenarios. While recreational open-green spaces might be
sufficient, issues such as accessibility, safety, and meeting needs during and after a disaster
remain concerns. Furthermore, urban open-green spaces are distinguished from other land uses
due to their role in disaster management. Notably, urban planning regulations emphasize the
importance of plazas and national parks in relation to disaster management (Palazca, 2020).
Urban transformations and innovative landscape designs are fundamental to a holistic approach
to urban space planning. These transformations must also ensure continuity and develop new
models (Asur, 2019).

Gathering areas should also be utilized for various open space uses such as walking, relaxation,
and children's play areas in daily life. These areas are crucial for emergency purposes, including
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evacuation, shelter, and first aid. Therefore, designated areas should be designed to be
functional both during and outside of emergencies (Jayakody et al., 2016).

According to the JICA (2002) report, post-disaster gathering areas are essential not only for
assessing damage and performing initial interventions but also for being easily recognizable
and sufficiently large public spaces (Palazca, 2020).

Erzurum, located in the 2nd seismic zone, has experienced earthquakes historically across its
districts. Ata Botanic Garden, an important open-green area in Erzurum, appears to have
potential for use as a post-disaster area. The potential of the garden for post-disaster use has
been assessed through visitor surveys, and while the existing physical infrastructure is suitable
for a gathering area, it requires additional long-term structural improvements.

A survey conducted by the Socio-Political Field Research Center revealed that 37.5% of
respondents considered their homes to be partially secure, 71.2% felt unprepared for
earthquakes, and following the February 6 Elbistan and Pazarcik earthquakes, 26.9% of
respondents sought refuge in parks, green spaces, or vacant lots (Url 2).

It has been noted that after a disaster, people primarily seek open spaces and thus head towards
easily accessible and safe areas (Kir¢in et al., 2017). Meral et al. (2021) found in their study
that while open-green areas in Bing6l city center were adequate, they were lacking in terms of
facilities, infrastructure, and accessibility. Another study indicated that parks were not suitable
for post-disaster use and that necessary attention was not given to their preparedness (Meral et
al., 2023). Areas with infrastructure that can support safe access, gathering, and basic needs
during a disaster have been identified as suitable for gathering (Maral et al., 2015; Cinar et al.,
2018; Mengi and Erdin, 2018; Gerdan and Sen, 2019).

According to the results of the study, the type of residence and the desire to move to a safer
location in the event of a disaster varied by occupation. Participants indicated that they would
be willing to move to safe locations even if they were far away in the event of a disaster. It was
also determined that preferences for disaster-resistant living spaces were influenced by
educational background and occupation. The study confirmed that Ata Botanic Garden has the
potential to serve as a gathering area in the event of a disaster.

A large portion of participants who identified the most likely natural disaster in Erzurum as an
earthquake lived in apartment complexes without gardens (43.4%) and indicated that their
buildings and neighborhoods were not disaster-resistant. They also mentioned that while there
were gathering areas in their living environments, these were inadequate. Additionally, their
primary expectations from gathering areas were safe accommodation, followed by amenities
such as restrooms, communication opportunities, bathrooms, kitchens, laundries, social
facilities, and sports facilities (Figure 5).

While 24.4% of participants found Ata Botanic Garden very suitable as a gathering area in the
event of a disaster, 28.9% found it suitable. The criteria determined by AFAD, such as
accessibility and ease of evacuation, suitability for people with disabilities and the elderly,
safety, as flat terrain as possible, proximity to residential areas but not affected by structural
and non-structural elements, and proximity to buildings providing basic needs like electricity,
water, and toilets, were found to be met (Url 3).
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The botanical garden, which is suitable as a gathering area in terms of size, accessibility,
security, and meeting basic needs, also has the potential to protect users from risks arising from
surrounding developments.

The garden has the following advantages for use as a gathering place after a potential disaster:

o Safety: The area is secure, with a designated safety unit and enclosed surroundings.

o Location: Situated within the city, making it accessible and well-connected.

o Topographical Suitability: The topography is suitable, with an appropriate slope.

o Energy Supply: Availability of sufficient energy sources.

o Clean Drinking Water: Presence of three water wells providing clean drinking water.
o Administrative Facilities: Includes an administrative building and structures that can
be partially utilized as a restaurant.

o Basic Amenities: Facilities such as WC and prayer rooms that can partially meet basic
needs.

o Parking and Open Spaces: Availability of parking areas and open spaces, with
potential for container and tent setups.

. Temporary Shelter and Nourishment: Numerous hobby gardens within the area
available for temporary shelter and nourishment.

o Extensive Open-Green Areas: Large open-green spaces suitable for potential tent
sites.

o Psychological Support and Recreation: Areas for demonstrations and recreational

activities (plant displays, pond area, pergolas, and groves) providing psychological support and
opportunities for leisure.

The study has determined that the Ata Botanic Garden is suitable for use as a gathering area
and temporary shelter in the event of a disaster. The existing unused areas of the botanic
garden can be adapted through infrastructure improvements and new arrangements to become
suitable for temporary shelter and gathering purposes. Enhancing these areas can increase the
garden's functionality.

In areas designated for new arrangements, facilities such as storage, kitchens, bathrooms/WC,
containers, tent sites, and communication facilities can be established to meet post-disaster
needs. The existing parking area, which is currently inadequate, can be expanded to increase
its capacity.

Given that Ata Botanic Garden is one of the significant open-green spaces in the city, it is
deemed suitable for use as a gathering area. However, its current state is insufficient.

To mitigate psychological trauma experienced by individuals following a disaster, social
activity areas should be created. Water features and various thematic gardens should be
incorporated to positively impact mental well-being. Playgrounds should be designed for
children across different age groups. Additionally, the design should ensure that the space
remains functional for daily use when not affected by disasters.
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ABSTRACT: Forest fires have been among the most severe disasters, causing disruptions to
the ecological balance, economic losses, and threats to life safety. To effectively combat such
disasters, the strategic planning of firefighting equipment has been of great importance. In this
context, this study focused on the planning of firefighting equipment for forest fires in Balikesir
province, which is home to 32 different endemic plant and animal species. Due to its high
wildfire risk, Balikesir was selected as the study area. In the province, eight forest fire zones
were identified, and the allocation of 20 firefighting units was planned. An optimal equipment
allocation model for forest fire response was developed using the 0-1 Integer Programming
method. The model aimed to minimize the transportation time of firefighting equipment while
ensuring that each fire zone received the necessary number of resources. The mathematical
model was solved using the IBM ILOG CPLEX Optimization program. The results indicated
that an optimal transportation time of 68 minutes was achieved for the eight fire zones. These
findings confirmed the applicability and effectiveness of the proposed model and demonstrated
its potential to enhance operational efficiency in emergency management. Moreover, the study
presents a novel 0-1 integer programming model for the optimal assignment of firefighting
equipment in Balikesir province under assumptions such as fixed fire zones and equipment
capacity. Future studies are planned to improve the model with operational constraints such as
dynamic fire spread, personnel, and fuel limitations.

Keywords: Forest Fires, Resource Optimization, 0-1 Integer Programming, Balikesir
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0-1 TAMSAYILI PROGRAMLAMA KULLANILARAK BALIKESIR’DE
YANGIN SONDURME EKiPMANLARININ TAHSISININ
OPTIMIZASYONU

OZET

Orman yanginlar1 ekolojik dengenin bozulmasina, ekonomik kayiplara ve can giivenliginin
tehdit edilmesine yol agan ciddi afetler arasindadir. Bu tiir afetlerle etkin bir sekilde miicadele
edebilmek i¢in yangin sondiirme ekipmanlarmin stratejik olarak planlanmasi biiyiikk 6nem
tagimaktadir. Bu baglamda bu ¢aligmada Balikesir ilinin orman yangininda yangin sondiirme
ekipman planlanmasi, bolgede yasayan 32 farkli endemik tiir ile hayvan tiirleri i¢cin dnemlidir.
Bu nedenle orman yangini acisindan riskli bolge olan Balikesir ili uygulama alani olarak
secilmistir. Balikesir’de 8 orman yangini1 bolgesi secilmis ve 20 yangin sondiirme ekipmanin
planlanmasi yapilacaktir. 0-1 Tam Sayili Programlama yontemi kullanilarak orman yanginina
miidahale i¢in optimum ekipman planlama modeli gelistirilmistir. Model yangin sondiirme
ekipmanlarinin ulagim siirelerini minimum yapmay1 amaglamaktadir. Her yangin bdlgesine
ihtiyaci kadar yangin sondiirme ekipmani tahsis edilecektir. Matematiksel model IBM ILOG
CPLEX Optimizasyon programi ile ¢oziilmiistiir. Elde edilen sonuglara gore 8 orman yangini
bolgesine 68 dakikada ulasim saglanmistir. Bu durum modelin uygulanabilirli§ini ve
etkinligini dogrulamakta olup acil durum yonetimi baglaminda operasyonel verimliligi artirma
potansiyelini gostermektedir. Ayrica ¢alisma sabit yangin bolgeleri ve ekipman kapasitesi gibi
varsayimlar altinda Balikesir ilinde yangm sondiirme ekipmanlarinin en uygun sekilde
atanmasini amagclayan 6zgiin bir 0-1 tamsayili programlama modeli sunmaktadir. Gelecek
caligmalarda modelin dinamik yangin yayilimi, personel ve yakit sinirlamalar gibi operasyonel
kisitlar ile gelistirilmesi planlanmaktadir.

Anahtar Kelimeler: Orman Yanginlari, Kaynak Optimizasyonu, 0-1 Tamsayili Programlama,
Balikesir

INTRODUCTION

Forest fires cause both material losses and threaten natural life (Tezcan & Eren, 2022). This
situation causes property damage and loss of life (Tezcan & Eren, 2023a, 2024). Therefore, it
is important to make the right decision while fighting forest fires (Fidanboy vd., 2022). With
the increase in global warming, precautions should be taken before forest fires occur. While
the measures taken are vital, it is vital to make the first intervention as soon as possible after
the first spark (Zeferino, 2020). The most successful strategy for countries combating forest
fires is to prevent the spread of forest fires by intervening in the least possible time (Ertugrul,
2005).

Wildfire management includes fire occurrence detection, fuel management, fire forecasting
efforts, preventive actions, and fire suppression (Collins vd., 2013; Minas vd., 2015). Wildfire
spread is a comprehensive treatment of suppression activities, integrating physical systems,
managerial decisions, and the political system responsible for budget allocation (Mendes & e
Alvelos, 2025). Forest fire suppression involves the actions necessary to control the outbreak
of fire. The first resource carries out extinguishing to reach the forest fire area. If resources are
allocated effectively and quickly, the growth of forest fires is prevented (Ntaimo vd., 2012).
However, a forest fire spreads rapidly, and firefighting resources are occupied for weeks
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(Martell, 2007). The first planning that needs to be done when a wildfire first starts is to decide
on the type and level of resources that should be assigned to each operational base (MacLellan
& Martell, 1996; Minas vd., 2015). Then, it is decided how to send firefighting resources to
the wildfire area (D. Rideout vd., 2011; D. B. Rideout vd., 2010).

In (Donovan, 2006), federal land management agencies in the US are increasingly relying on
firefighting crews. However, there has been no comprehensive study to determine the optimal
allocation of these crews. A mathematical model developed from a case study of the Pacific
Northwest reveals the optimal staffing structure based on the severity of the fire season and the
availability of alternative employment opportunities on fire-free days. In (Haight & Fried,
2007), this study aims to optimize resource allocation by considering uncertainties such as the
number, location, and intensity of fires. The model determines the optimal deployment levels
by evaluating the effects of time to reach the fire and the distribution of resources. (D. Rideout
vd., 2011) developed an integer linear programming model for first responder resource
allocation in the context of performance-based cost-effectiveness analysis. The model
optimizes resource allocation according to different budget levels by generating objective
functions that internalize costs in the extended response phase.(Van Der Merwe vd., 2015)
Developed a mathematical model for resource allocation to asset protection activities during a
fire. The mixed integer programming model optimizes resource allocation by aiming to
preserve the maximum total asset value. (Aalami & Kattan, 2018) Used an integer
programming model for emergency evacuation planning. It modeled the resource allocation
problem over four different scenarios. In addition, a fair, dynamic and distributed algorithm
based on Lagrange dual method is developed. (Rodriguez-Veiga vd., 2018) It aims to optimize
the route planning of air resources to control forest fires. The integer linear programming model
allows for the automatic and fast coordination of tasks. (Rodriguez-Veiga vd., 2018) Proposes
an integer linear programming model for resource allocation in the firefighting planning period
in accordance with Spanish legislation. The simulation study shows that the exact solution can
be obtained quickly without the need for any heuristic algorithm. (Zheng, 2018) aims to
optimize resource allocation in order to minimize costs while ensuring the safety of life and
property in case of fire. The model is solved using LINGO software, and its flexibility is tested
using sensitivity analysis. (Wu vd., 2019) aims to determine the optimal routes of a limited
number of firefighting teams in forest fires. The developed integer linear programming model
generates the optimal scheduling scheme with CPLEX software. (Tezcan vd., 2021) In disaster
management, a temporary warehouse location is selected and the vehicle routing problem for
food distribution is considered. (Harris vd., 2023) This research developed an algorithm for
suppressing uncontrollable fires. The algorithm is compared with mixed integer programming
and heuristic approaches. (Tezcan & Eren, 2023b) Criteria enabling energy production from
pine needles were evaluated. (Avci vd., 2024) developed two different integer programming
formulations for the uncontrollable fire suppression problem involving multiple resource types.
The performance of the models is tested on various examples, and a case study of Mugla
province in Turkey demonstrates the application of these formulations. (Tezcan, B. & Eren,
2025) In this study, the literature on forest fire resource planning is reviewed in detail, and a
comprehensive analysis is carried out using a systematic approach.

In this context, this study aims to establish a mathematical model that can efficiently plan the
available number of firefighting equipment and respond to the entire forest area in a short time.
It is effective for the firefighting equipment to reach the forest fire area in a minimum time.
The mathematical model was realized by establishing a 0-1 integer programming model. The
model decided how much equipment should be assigned to the forest fire area and how long it
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would take to reach it. In addition, geographical constraints and various operational constraints
are taken into account to minimize transportation time. The parameters of land slope, forest
density, past forest fire data, existing facilities and wetlands were taken for Edremit district of
Balikesir General Directorate of Forestry in Turkey. The data for the region was obtained from
the General Directorate of Forestry. However, settlement and road data were taken from open
sources. This study's contribution to the literature is the integration of geographical constraints
into fire management models and the application of a 0-1 integer programming approach in
equipment planning in Balikesir province. While the literature generally focuses on fire spread,
resource allocation, or simulation-based models, this study differs in that it focuses on data-
driven and optimization-based direct response planning at a local scale. It aims to increase
operational efficiency in firefighting by providing decision-makers with a practically
applicable model.

MATERIAL AND METHOD
In this section, the steps of the 0-1 Integer Programming model are explained.
Study Area

Balikesir Edremit district is located at 39°35'56 "North 27°1'20" East. The average annual
temperature is 16.2°C. Although the temperature decreases in the northern highlands, it is the
highest in the Edremit plain. Topography and aspects also affect the temperature. The southern
slopes of the Kaz Mountains receive more sun (Yiicesahin, 1997).

Edremit district has a total forest area of 72,506 hectares. Of this area, 60,796.1 hectares are
classified as normally closed forest areas and 11,710 hectares are classified as closed areas with
gaps (URL-1, 2025). Tree diversity is high. These are pinus brutia, pinus nigra, the endemic
plant species abies equtrojani, fagus orientalis, platonus orientalis, castanea sativa, populus
tremula, quercus cerris, alnus glutiosa, copressus sempervirens, tilia, quercus coccifera,
quercus infetoria (Yiicesahin, 1997). For this reason, it is of great importance to plan
firefighting equipment effectively and strategically in case of a possible forest fire. The
application area is given in Figure 1.

Figure 1. Study area
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Dataset

The relevant website identified land and air vehicles in Balikesir. Currently, 99 first-response
vehicles, 54 land vehicles, 18 water supply vehicles, and two helicopters constitute the region's
fire-fighting capacity (URL-2, 2025). Between 2004 and 2022, 1,540 forest fires occurred in
Balikesir province (URL-1, 2025). In addition, the settlements and road network data used in
this study were obtained from the Google Earth platform. Information on land and air vehicles
used in firefighting was obtained from the official website of the General Directorate of
Forestry.

0-1 Integer Programming

In this study, the 0-1 integer programming was used. In certain cases, decision variables must
assume only integer values to ensure the feasibility and practicality of the model. Integer
constraints are particularly crucial in optimization problems where fractional solutions are not
meaningful, such as resource allocation, facility location, or scheduling problems. By enforcing
integer restrictions, the model provides more realistic and implementable solutions, enhancing
its applicability to real-world decision-making scenarios. For example, some situations require
binary (0-1) decision variables, such as whether to build a factory or whether to assign a worker
to a particular machine.

In other words, the divisibility assumption of linear programming may not be valid for every
problem. Since standard linear programming methods do not guarantee integer solutions, a
unique process called integer programming has been developed for such issues.

In some problems, all decision variables must be integers. Such problems are called integer
programming problems (KaymazIi, 2001). The general form can be expressed as follows.

Maximum (Z) = ¥4 ¢j¥;
Constraints Z]-nzl ajXj < b; i=12,..,m
Xj = 1,2, ...,integer (j = 1,2,...,n)

The difference between the linear programming model and the integer programming model is
that in linear programming, the condition of being positive (x; = 0), becomes an integer
condition, i.e., x; = 0,1,2,3, ..., n. In integer programming, all x; variables have values greater
than or equal to zero (Jiinger vd., 2009).

Which Optimization Programme Is Used?

The model was solved using IBM ILOG CPLEX Optimization Studio. CPLEX is a powerful
optimization tool that efficiently solves linear, integer, and mixed integer programming
problems. This software is preferred because it can efficiently solve large-scale and complex
decision models.

APPLICATION

This study focuses on resource optimization to minimize the effects of forest fires. Within the
scope of the application, a forest fire scenario that may occur in the Edremit district of Balikesir
province, which is one of the regions with fire risk, is taken into consideration. It is aimed to
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minimize the losses that may occur as a result of a possible Edremit forest fire. In this direction,
the aim is to obtain the outputs of the scenario according to the data received by the General
Directorate of Forestry within the scope of the study. The flow chart of the problem is given in
Figure 2.

Defining the
problem

Data
collection

Identification
of forest fire
areas

Identification
of resources

Establishing
the
mathematical
model

Solving the

model

Figure 2. Flowchart
Problem Definition

In this study, the resource allocation problem is addressed in order to effectively respond to 8
different forest fires that occurred in the Edremit district of Balikesir province. Optimal
allocation of the limited number of firefighting equipment is critical in fighting forest fires.
Within the scope of the problem, equipment allocation will be made by considering the fire
intensity, spread rate, environmental risk factors, and the capacity of existing extinguishing
resources in each fire zone. It should be ensured that the equipment reaches the fire zone as
soon as possible. The model to be developed in this study aims to provide a practical resource
planning strategy to decision-makers in fire management and response processes.

Data Collection

In order to effectively allocate resources in forest fires, data on fire zones were first collected.
These data were obtained from the General Directorate of Forestry. In this context, the
geographical locations of the points where the fire occurred, the severity of the fire, the rate of
spread, and environmental factors are presented in Figure 3. Figure 3 shows forest fires in 8
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different locations in the Edremit district of Balikesir. In addition, the types and current
locations of firefighting equipment were obtained. Land and air vehicles in Balikesir were
identified from the relevant website (URL-2, 2025). Currently 99 first response vehicles, 54
land vehicles, 18 water supply vehicles, and 2 helicopters constitute the region's fire fighting
capacity. This will ensure the most effective use of fire extinguishing equipment in fire
intervention.

W Tahtqku' I

Avcilar,

Figure 3. 8 forest fires in Baltkesir Edremit district

Establishing the Mathematical Model

The best planning should be made for a rapid response to 8 forest fires in the Edremit district
of Balikesir province. A mathematical model was established to send the equipment to the fire
zone in the minimum Time. Table 1 presents transportation times to the forest fire.

Parameters:

k: Total fire fighting vehicles 1=1,2,....,k

n: Total fire zone j=1L2,...n

d; = Minimum number of equipment needed in fire zone j

m;= Maximum number of fire zones to which equipment i can be assigned
t;; = Time for equipment i to reach fire zone j (minutes)

Transportation times (¢;;)

Table 1. Transportation times of the equipment to the forest fire zone

Equipment Fire Zone (min)
1 2 3 4 5 6 7 8
1 5 8 4 7 6 3 9 10
2 3 6 2 5 4 7 8 9
3 7 5 3 6 4 8 10 12
4 6 9 4 5 7 3 8 11
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5 5 4 6 8 7 5 9 10
6 9 6 7 4 3 8 5 12
7 8 7 6 5 4 9 10 11
8 6 5 4 3 8 7 9 10
9 7 6 5 4 3 8 9 10
10 4 3 5 7 6 8 9 11
11 5 6 7 8 4 3 9 12
12 9 8 7 6 5 4 3 10
13 10 9 8 7 6 5 4 11
14 5 4 6 7 3 8 9 12
15 6 5 4 3 8 7 9 10
16 7 6 5 4 3 8 9 11
17 4 3 5 6 7 8 9 10
18 5 6 7 8 4 3 9 12
19 8 7 6 5 4 9 10 11
20 6 5 4 3 8 7 9 10
Decision variables:
1,if equipment i is assigned to fire zone j
Xij = {0, otherwise Vij
Assumptions:

e d;: Each fire zone j requires a certain minimum number of equipment. This value is set to
ensure an effective response.

e m;: Each equipment can be assigned to, at most, a certain number of fire zones. This
constraint is set considering the capacity and operational efficiency of the equipment.

e t;;: Determined by considering the road network for the fastest transportation of the
equipment in each scenario.

e The model is suitable for small and medium-sized fires.

e Firefighting equipment is sufficient to extinguish the fire.

e The fire zones used in the scenarios were determined hypothetically based on past fire

data (URL-1, 2025).

Mathematical model:

Objective function:

Zmil’l:Zé{:l Z;-lzl tijxl-j (1)

Constraints:

Z;-lzl xij = dj i:1,2,...,1’1 (2)
?=1xij =my j=1923"'9n (3)

X;; €{01} vy (4)

The model minimizes the arrival time of fire-fighting equipment to fire zones. Equation (1)
ensures that fire-fighting equipment arrives in minimum time. Equation (2) each fire zone
should be assigned at least as much equipment as it needs. Equation (3) each equipment should
be assigned to at most one fire zone. Equation (4) is the non-negativity constraint.
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Evaluation of Results

The mathematical model was solved with the IBM ILOG CPLEX Optimization program. As a
result of the application, the shortest transportation time of fire extinguishing equipment
allocation to fire zones was optimized. The solution of the model shows that the total
transportation time is minimized to 68 minutes. According to the results obtained, vehicles
were allocated to each fire zone in a way that met the minimum equipment requirement.
Minimum equipment requirements were determined based on historical fire data (URL-1,
2025). In addition, the types of equipment required by different fire zones for effective fire
control were analyzed. In the study, ground and air vehicles were considered separate
categories, and helicopters were allocated to the most critical areas, considering the severity of
the fire and transportation difficulties. In addition, no equipment was assigned to more than
one fire zone, ensuring full compliance with operational constraints. The assignment process
was carried out by prioritizing the equipment that could reach the fire zones the fastest and
considering the quickest routes. In this process, optimum routes were determined using the
road network, thus minimizing the response time to the fire. Table 2 shows the fire fighting
equipment assigned to each fire. When the table is examined, it is seen that 5, 10, and 17 fire
extinguishing equipment are assigned to fire zone 2, and 6, 12, and 13 fire extinguishing
equipment are assigned to fire zone 7. This shows that the fire zone is significant and needs
more fire extinguishing equipment than other fire zones. Although there were 20 fire
extinguishers available, fire extinguishers were sent to the fire zones as much as the fire zones
needed. A total of 16 fire extinguishers were used. These results confirm the applicability and
effectiveness of the mathematical model and show its potential to increase operational
efficiency in the context of emergency management. The adaptability of the model to different
scenarios is considered an important finding that can contribute to the development of dynamic
firefighting strategies.

Table 2. Fire fighting equipment assigned to each fire zone
Fire Zone Assigned Equipment
2,18
5,10, 17
3
8,15
14, 16
11
6,12,13
1,9

R QA N[N AW (N -

CONCLUSION AND DISCUSSION

Turkey is a region at high risk of forest fires along the Mediterranean and Aegean coasts. Forest
fires destroy around 10,000 hectares of land every year. Not only forests but also people,
habitats, and ecosystems are damaged (Tezcan vd., 2022). In this context, various studies have
been conducted in the literature to create a forest fire susceptibility map of Mugla province.
For example, in a survey conducted by (Sari, 2021), meteorological, topographic,
environmental, economic, and forestry parameters were taken into consideration for the
creation of forest fire susceptibility maps. In the study, the weight of each parameter was
calculated by the Analytic Hierarchy Process (AHP) method, and sensitivity maps were created

211



Tezcan, B. & Eren, T. / Turkish Journal of Forest Science 9(1), 203.-216

using a Geographic Information System (GIS). The current research aims to contribute to
decision-support mechanisms by focusing on optimizing resource allocation in firefighting.
This research contributes to decision support mechanisms in firefighting by focusing on
resource allocation optimization at the operational level.

The study develops a mathematical model for the most efficient allocation of firefighting
equipment to fight forest fires. The model aims to ensure that the equipment reaches the fire
zones in the fastest way by minimizing the total transportation time. The optimization approach
developed meets the minimum number of equipment required by each fire zone and also
includes constraints that ensure that each equipment is assigned to only one zone. According
to the results obtained, the total transportation time of 68 minutes reveals the effectiveness of
the model. Figure 4 shows the fire extinguishing equipment assigned to fire zones in the
Edremit district of Balikesir province. When Figure 3 is analyzed, fire zone 1 is assigned the
2nd and 18th fire fighting equipment, fire zone 2 is assigned the 5th, 10th, and 17th fire fighting
equipment, fire zone 3 is assigned the 3rd fire fighting equipment, fire zone 4 is assigned the
8th and 15th fire fighting equipment, and fire zone 4 is assigned the 8th and 15th fire fighting
equipment. fire-fighting equipment to fire zone 3, 8th and 15th fire-fighting equipment to fire
zone 4, 14th and 16th fire-fighting equipment to fire zone 5, 11th fire-fighting equipment to
fire zone 6, 6th, 12th and 13th fire-fighting equipment to fire zone 7, 1st and 9th fire-fighting
equipment to fire zone 8. Sufficient equipment was allocated to each fire zone, and operational
efficiency was maximized. This study shows that it offers a faster and more efficient method
of resource allocation compared to existing fire suppression strategies. Solving the model with
0-1 integer programming techniques shows the applicability of optimization algorithms to
emergency management problems. We also compared the results obtained using historical
wildfire data (URL-1, 2025). To evaluate the effectiveness of the model, the total access time
to the historical forest fire is 93 minutes. Reducing this time to 68 minutes with the proposed
optimization model reveals the potential of the model to increase operational efficiency.
Therefore, it shows that the model provides consistent results under different conditions and is
reliable in terms of decision support.
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The contributions of this study to the literature are discussed in three different dimensions.

Application area: Increasing forest fires in Balikesir province in recent years have led
to a decrease in forest areas. Balikesir province has an important position in terms of
both tourism and agriculture. In addition, it has 32 different endemic plant species.
Therefore, it is important to plan firefighting equipment before a forest fire occurs.

Methodology: The need for equipment to be allocated to the fire zone is determined.
Response time to the fire is minimized by providing an optimization approach that
minimizes transportation times. Contributes to the literature on how to manage
available resources most efficiently. A model that can provide real-time support to
decision-makers in the fight against forest fires is proposed.

Evaluation: Forest fires occupy an essential place among natural disasters, and
developing an effective response strategy is a critical requirement for society. For this
reason, academic studies on the optimization of firefighting equipment provide a more
systematic perspective on the solution of the problem. In addition, it aims to reach the
fire extinguishing equipment in a minimum amount of time.

Aspects of this study that can be expanded in the future include taking into account
uncertainties by using the stochastic programming method—integration with Geographic
Information Systems (GIS) to take into account the topographical characteristics of fire zones.
The effectiveness of the model can be tested under different fire scenarios and changing
weather conditions. A more comprehensive fire response planning can be made in which
human and material resources are optimized together.
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In particular, crew shift times, rest times, and operational cycles are critical elements in
firefighting and should be integrated into future versions of the model. In addition, determining
the minimum number of active resources per fire is vital to assess the adequacy of the
equipment allocated to the fire zone. In this direction, it is suggested that the model be extended
to cover all processes of firefighting operations in future studies. Thus, more realistic and
applicable results can be obtained by evaluating fire suppression strategies together with
operational constraints.
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