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Noise in the City: A Socio-Spatial Analysis of the Actual and Perceived
Noise Levels in a Medium-Sized Urban Center
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ABSTRACT

Despite substantial systematic studies on noise pollution, studies relating actual noise levels to perceived noise pollution in the context of rapidly urbanizing
medium-sized cities of the Global South are scarce. This study examined the perceived impact of noise pollution on the health of residents of Osogbo,
Southwest Nigeria. It used a cross-sectional research design that included direct field observation to obtain noise levels and a questionnaire survey to
assess residents’ perceptions of acoustic disturbance in the study area’s residential, commercial, and mixed land uses. Ambient noise levels were significantly
higher during the day and night in residential, commercial, and mixed land uses than the WHO-prescribed maximums. Significant variations between
different land uses were observed. More than 80% of the respondents perceived their neighborhoods as noisy, indicating a convergence between actual
and perceived noise levels. Respondents scored power generators (22.1%), transportation (21.7%), worship places (20.3%), and markets and clubs (14.7%)
as important sources of ambient noise pollution. Sleep loss (72.3%), hearing impairment (64.3%), and aggravation of hypertensive ailments (54%) were the
acute effects of noise pollution. Few respondents claimed to be aware of the efforts of the government (34%) and neighborhood associations (28%) to stem
the escalating rate of noise pollution. Enforcing environmental laws on noise reduction and advocacy that provokes noise-abating behavioral changes
among residents could help curb noise pollution in the city.

Keywords: Medium-sized urban centers, noisescape, noise abatement, city’s livability, ambient noise levels
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INTRODUCTION

Noise pollution is aptly defined as the intrusion of unwanted,
uncontrollable, and unpredictable sounds, not necessarily loud
(Jariwala et al.,, 2017), into the lives of individuals with
reasonable sensitivities. It remains an environmental problem of
no mean significance in both developing and developed
countries’ urban centers (Fiedler & Zannin, 2015; Mehdi et al.,
2011; Oyedepo & Saadu, 2010). The increased population,
attendant urbanization, and industrialization are primarily
responsible for the rising incidence and ubiquity of noise
pollution worldwide (Ma, Li, and Kwan, 2018; Reed, Boggs,
and Mann, 2012; Yuan et al., 2019). Despite empirical studies
demonstrating arapid increase in urban noise levels in developing
countries, relevant urban stakeholders have yet to give the
problem the attention it deserves (Jariwala et al., 2017).

Noise pollution and its impact on health and well-being have
long been ignored. However, this is changing, with several health
institutions now viewing the increase in community noise as
undesirable and unsustainable. The effects of noise on human
health and comfort can be devastating depending on its duration
and volume. According to Ackah, Amankwa-Danquah, and
Atianashie (2021), these effects are divided into four categories:
physical effects (e.g., hearing defects), physiological effects
(e.g., increased blood pressure, irregular heart rhythms, and
pepticulcers), psychological effects (e.g., disorders, sleeplessness
and late sleeping, irritability, and stress), and effects on work
performance (e.g., decreased productivity and misinterpretation
of what is heard (Oyedepo 2013). Noise pollution is an important
environmental pollutant that affects human performance (Pal
and Bhattacharya, 2012). The individuals’ survival and healthy
existence depend basically on the enabling environment where
they reside since disruption of the conducive environment can
lead to dysfunction of their health status (Otukong 2002).

In developing countries, particularly Nigeria, the framework
for enforcing legislation and noise pollution abatement codes is
weak and rarely enforced. The Nigerian federal environmental
regulator, the National Environmental Standard and Regulation
Agency (NESREA), only provides daily noise exposure limits
for different environments. Given the present and future impacts
of noise-induced health hazards on urban dwellers, stakeholders
must control the noise level. Noise generation in a metropolitan
setting can be viewed in relation to city planning disorderliness
and increasing vehicular traffic caused by urban growth and
development. Several studies have identified weak governance
structure and financial foundation as significant factors that

hinder the implementation of environmental and other policies
and programs in small- and medium-sized cities (Samuel,
Agbola, and Olojede 2021; Samuel and Atobatele 2019a, 2019b).

Planning, developing, and establishing a noise control
capacity are crucial in noise control efforts. Moreover, abatement
plans for noise-generating areas and land-use categories are
required. Such policies and programs would be successful and
sustainable only if residents, both generators and victims of
noise pollution, were involved in the conceptualization,
implementation, and postimplementation oversight. It is
instructive that the ability of residents to participate in noise
abatement programs will be a function of their perception of
noise pollution’s menace. This highlights the importance of
understanding the objective and subjective assessment of noise
pollution as indicated by the noise levels with the subjective
evaluation of the residents based on their perceptions. Many
systematic studies on noise pollution are conducted in large
urban centers (Ali and Tamura 2003; Raimbault and Dubois
2005; Tonne et al. 2018), except for a few that focused on small-
and medium-sized cities (Oyedepo and Saadu, 2009, 2010;
Popescu and Moholea, 2010). Again, a disproportionate number
of these studies have focused on single-source pollution from
road traffic (Ali and Tamura 2003; Arokoyu, Emenike, and Atasi
2016; Botteldooren, De Coensel, and De Muer 2006; Frei,
Mohler, and R66sli 2014; Khan et al. 2018; Oyeleye 2013) to the
exclusion of other sources of environmental noise pollution. A
comprehensive noise pollution analysis that observes both actual
noise levels and perceived noise pollution can reveal the actual
situation of the problem and assess how the residents feel about
it. Understanding the residents’ perceptions can inform people-
oriented, community-based policies and other interventions to
reduce the threat. To our knowledge, studies that combine
objective noise pollution measures with subjective assessment
by residents are very rare.

Few large cities in Nigeria, like Lagos, have taken policy and
advocacy measures to reduce the elevated noise levels within
their domains. However, most medium-sized cities lack the
human and material resources and a robust institutional
framework to combat noise pollution. Knowledge of actual and
perceived noise levels is critical for policies and advocacy
encouraging behavioral changes to reduce noise pollution.
Effective noise pollution control measures would necessitate the
active participation and cooperation of affected individuals and
communities, a situation dictated by people’s perceptions of the
problem’s reality and the risk exposure. Against this backdrop,
this study seeks to identify the areas prone to noise pollution in
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the city, assess the perception of noise pollution by residents, and
compare the objective measures of noise pollution with the
subjective assessment by residents of the medium-sized town of
Osogbo, Osun State, Nigeria.

Extant empirical and theoretical works on noise pollution
have linked the escalating noise pollution to several factors,
among which the main are population growth, urbanization,
poor urban planning, and certain behavioral traits that encourage
noise generation (Abankwa, Agyei-Agyemang, and Tawiah
2017; Ma et al. 2018; Mehdi et al. 2011; Morillas et al. 2018;
Paunovi¢, Belojevi¢, and Jakovljevi¢ 2014).

In attempts to depict the acoustic landscape of cities, scholars
have generated noise maps, some of which relate the observed
pattern to some city characteristics. For instance, Barrigon
(2010) established a relationship between urban noise and
inhabited areas on the one hand and population on the other in
their study of the noisescape of small and medium-sized cities in
Spain. Similarly, Oguntoke et al. (2019) created a risk map for a
medium-sized Nigerian city. They found the noise levels higher
than the prescribed World Health Organization (WHO) minima
across spatial and temporal scales. However, they did not
explicitly account for variations attributable to different land
uses. Meanwhile, Barrigon et al. (2010) found a relationship
between urban noise and inhabitants and between urban noise
and inhabited areas in their research of 20 cities in Spain,
reflecting the urban structure defined in the strata of the
categorization method. In Karachi City, Mehdi et al. (2011)
found that noise levels were generally higher in the mornings
and evenings because of the commuting pattern of Karachi
residents. The average value of noise levels was over 66 dB,
which could cause serious nuisance, according to the outdoor
noise guidelines of the WHO. The maximum peak noise was
over 101 dB, which is close to 110 dB, a level that can cause
possible hearing impairment (Berglund, Lindvall, and Schwela,
1999).

Gregory (1998) identified three types of noise sources: (i)
those associated with the operation of building services, (ii)
those associated with activities and office equipment, and (iii)
those associated with environmental sound from outside the
building. The first two are internal sources, whereas the third is
from external sources. In line with this, Shabi (2016) summarized
the sources of urban environmental noise pollution into
industrialization (compressors, generators, exhaust fans, and
grinding mills participate in producing big noise), construction
activities (mining, construction, and welding), social events

(partying, clubbing, and religious activities), transportation
(vehicles, airplanes, trains, and other transport modes), household
chores, and equipment (household gadgets like TV, mobile,
lawnmowers, etc.).

Anomohanran and Osemeikhian (2006) identified
automobiles, commercial motorcycles, recording houses, and
electricity generators as responsible for most noise in Nigeria in
their study conducted in Delta State, Nigeria. Similarly, Samuel
(2008) attributed urban noise and other atmospheric pollution to
the persistence of traffic congestion caused by temporal
periodicity in intraurban movements. However, in a study
conducted in Ilorin, Nigeria, Oyedepo and Abdulahi (2010)
observed that the city’s population growth, which increased by
more than 50% between 1980 and 2006, was partly responsible
for the increase in noise pollution. They also asserted that road
traffic is Nigeria’s predominant and most generalized noise
source. Meanwhile, Essandoh and Armah (2011) stated that the
Cape Coast in Ghana is exposed to environmental pollution from
increased commercial activities and road traffic. Therefore, this
claim associates environmental noise pollution with economic
growth. Onuu and Menkiti (1993) also found that the peak noise
level in Aba and Uyo, Nigeria, ranges between 86 and 106
dB(A). This noise level exceeds the recommended the 60 dB(A)
level for commercial and residential areas.

Other studies have shown that noise pollution harms the
health of those exposed to it. In a study of the relationship
between ambient noise pollution and sleep in the northern
municipality of Belgrade, Serbia, Jakovljevi¢ et al. (2006) found
that respondents from the noisy area reported having significantly
more difficulties falling asleep, being awakened by noise at night
more often, and having more problems falling back to sleep.
Usingasample of 310 respondents, 192 from noisy neighborhoods
and 118 from quiet areas, the study further revealed that noise
annoyance, subjective noise sensitivity, and neuroticism were
significantly correlated with difficulties falling asleep, time
needed to fall asleep, poorer sleep quality, tiredness after sleep,
and use of sleeping pills. A meta-analysis of 27 empirical studies
published between 1970 and 2010 showed that road traffic noise
was positively and significantly associated with hypertension
(Van Kempen and Babisch, 2012). In a similar but recent study
of 139 low- and middle-income countries, Schwela (2021)
discovered an increase in motor vehicle fleets, airport operations,
and industries, among other things, as factors responsible for
escalating noise levels, with population growth, urbanization,
motorization, and, to a large extent, technological development
acting as catalysts.
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Table 1: World Health Organization (WHO) guideline for community noise (2005)

Environment Critical Health Effect Sound Level Time (hours)
Db (A)
Outdoor Living Areas Annoyance 50-55 16
Indoor Dwellings Speech intelligibility 35 16
Bedrooms Sleep disturbance 30 8
Schools Classrooms Disturbance of communication 35 During class
Industrial, commercial and traffic areas Hearing Impairment 70 24
Music through earphones Hearing Impairment 85 1
Ceremonies and entertainment Hearing Impairment 100

Source://www.consultnet.ie

Table 2: National Environmental Noise Standards for Nigeria

Maximum permissible Noise Limits (dB)

s/no Land use
Day (6 am-10 pm) Night (10 pm - 6 am)

1 Any building used as a hospital, convalescence home, home for

the aged, sanatorium and institutes of higher learning, conference 45 35

rooms, public library, environmental or recreational sites.

2 Residential Buildings 50 35
3 Mixed Residential (with some commercial and entertainment) 55 45
4 Residential + industry or small-scale production + commerce 60 50

Source: NESREA (2009)

Omubo-Pepple et al. (2010) investigated the effect of noise-
induced hearing loss in two locations within the Port-Harcourt
metropolis, Nigeria. They concluded that the noise pollution at
Port-Harcourt International Airport was harmful to the
environment and advised that if specific protective measures
were not implemented, it would result in hearing loss and other
psychological and pathological effects. Environmental noise can
cause tinnitus, hearing loss, sleep disturbance, and other harmful
effects on people’s health.

The literature on noise pollution inextricably links noise
generation with different activities, and its impact on residents’
health has been significant. However, it is unclear whether urban

residents perceived their activities as the main contributors.
RESEARCH METHODOLOGY

The Study Context

Osogbo, the capital of Osun State in southwest Nigeria,
provides the geographical context for this study. Located at
longitude 4°34’ East and latitude 7°46’ North with an area of
47 km?, Osogbo is a fast-growing medium-sized city with a
population of 730,529 in 2021 (UNDESA, 2021). Residential
land use dominates the city’s landscape, but commercial and
mixed land wuse, an amalgam of residential, industrial,
commercial, educational, and other land uses, is also important.
The industrial land use is not distinct as it is mainly integrated
into different land uses, except for the Osogbo Steel Rolling
Mill, Osogbo Machine Tools, and Tuns Industries. These uses of
land generate varying levels of noise pollution. Meanwhile, the

transportation system consists of a rail line and a network of
roads comprising motorways, major roads, and streets. These
roads are used by various modes of transportation, including
private cars, minibuses (known locally as Korope), articulated
trucks, and motorbikes known as Okada. Because these modes
are mostly old and rickety, they produce abnormally high noise
levels, contributing to ambient noise pollution. The city is home
to numerous religious institutions, as evidenced by the many
mosques and churches, the majority of which have external
loudspeaker systems that emit high-pitched noise that pollutes
the environment. Noise pollution in the city heightens during
festivities and ceremonies, such as burial, naming, wedding, and
other traditional and religious festivals that attract open-air
drumming and music. Due to the city’s epileptic power supply,
households, businesses, and organizations resort to an alternative
power supply in the form of electric generators, most of which
produce high-pitched noise, thereby raising environmental noise
levels. This is particularly noticeable in residential areas at night
when there is a power outage. Residents usually switch to their
generators, not considering the quantum of noise in the
environment.

Data Collection and Analysis

The data for this study were obtained through a field survey,
questionnaire administration, and group discussion/interview.
The field survey measured noise levels using a sound-level meter
in 22 sample sites, including industrial, commercial, residential,
transport corridors, and mixed land-use areas (Olojede et al.
2019). The questionnaire was administered to people living,
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Figure 1: The Built-up Areas of Osogbo (2019)

working, or visiting the study’s designated sample area. It
elicited information on noise sources and causes, variation in
noise levels, the effects of noise pollution, and potential steps to
mitigate noise pollution in the study area. Secondary data were
derived from journals, published online articles, textbooks,
maps, the permissive noise level standards prescribed by
NESREA (2009) and WHO’s Guideline for Community Noise
(2005).

Field Observation

Field observation was conducted to obtain observed noise
levels for different land uses, including industrial, commercial,
residential, transport corridors, and mixed land-use areas. The
digital sound-level meter (or decibel meter) was used to measure
the level of noise pollution in different areas of the city. It was
used to measure the sound level during the day and night. The
obtained values were compared with the acceptable WHO
standards. In each of these zones, five and three sample points
were chosen randomly (in proportion to the size of the land use)
to collect sound-level data, for a total of 22 sample areas.
Industrial land-use samples were collected in areas with critical
industrial activities. In contrast, samples for commercial,

residential, and transportation land services were collected
irrespectively at markets, streets, and roads. The noise levels
were observed for these land-use types from 06:00 am to 10:00
pm and from 10:00 pm to 06:00 am over eight days. The average
for day and night observations was calculated for each of the
land-use types to determine the average noise levels for each
land-use type.

Questionnaire Administration

A total of 195 copies of the questionnaire were administered
at 22 locations in the 5 land-use types identified in the study
area. The questionnaires were assigned to each type of land use
in proportion to each land-use size (Table 3). The questionnaire
was designed to collect information on people’s perceptions of
sources, causes, effects, and other salient issues related to noise
pollution in the study area. The questionnaire also asked for
demographic and socioeconomic information, such as gender,
age, occupation, education status, perception of noise level and
sources of noise, health and other effects, and awareness of noise
abatement measures. Relevant ethical committees approved the
design and instruments for data collection. The authors informed
the respondents that their participation was entirely voluntary
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and that they could opt out participating during the questionnaire
administration. Respondents were also informed that all
information provided during the data collection would be kept
strictly confidential.

The data collected for this study were analyzed using both
descriptive and inferential statistical techniques. In particular,
data on the sources, causes, and effects were analyzed using
descriptive statistics like means and percentages. Simple
percentages and frequencies were also used to analyze the
distributions, in line with Adejobi’s (2012) study of the spatio-
temporal analysis of noise pollution levels in Lagos, Nigeria.
The analytical techniques are used to ensure that the results of
the analysis speak to the research objectives and questions.
Additionally, the one-way analysis of variance (ANOVA) was
used to analyze the differences in noise levels among the land-
use types for day and night observations. This study hypothesized
that there is no significant variation in noise levels (day and
night) among land uses.

Table 3: Sample Points by Land Use Types

Sample sites for Noise Meter

Observations Questionnaire Samples

Land use Type
Frequency Per cent Frequency Per cent

Residential 7 304 59 30.4
Commercial 4 17.4 34 17.4
Industrial 3 13.0 25 13.0
Transportation 4 17.4 34 17.4
Mixed land use 5 21.7 42 21.7
Total 22 100.0 195 100.0

RESULTS AND DISCUSSION

This study aims to analyze actual and perceived noise
pollution to determine if the two converge and assess the impact
of noise on the well-being of small- and medium-sized urban
center residents. This is important, as any noise abatement
measure would require residents’ knowledge, awareness, and
cooperation to succeed. When and where the residents’ perception
conflicts with the noise level observed and efforts to reduce
noise may not record the desired effect. This study discussed the
analysis results of the objective measure of noise and perceived
subjective measure of the residents, and compared both to
determine whether any convergence exists between them.

Actual Noise Levels across Land-Use Types in the Study Area

The summary of environmental noise levels reveals that the
mean daylight sound levels of industrial land use (72.85 dB),

residential land use (55.42 dB), commercial land use (76.61 dB),
and transportation use (80.67 dB) are higher than the WHO
maximum standards sound levels of 50, 60, and 55 dB for various
land uses. Similarly, the nocturnal sound levels for the three land
uses were 48, 72, and 61.7 dB for residential, commercial, and
mixed land uses, respectively. These figures also exceeded the
WHO standards of 35, 50, and 45 dB for residential, commercial,
and mixed land uses, respectively. Thus, this scenario suggests
that noise has become a significant pollutant in Osogbo city. The
study also documented the effect of land-use types on levels of
urban noise pollution. Elevated noise levels have been linked to
various land uses and the rapid rate of urbanization. Living in a
medium-sized urban environment with high levels of noise
pollution daily could have detrimental physical, health, and
psychological effects that are not always immediately visible
but, in the long run, affect the well-being of people.

Variation in Noise Levels Among Dominant Land Uses

Table 4: Actual Noise Levels in the Study Area

Actual Noise Permissible ?\;:;ael Permissible
Land Use Level (dB) Noise Level Level (dB) Noise Level (dB)
* H *
(Day)  (dB) (Day)* = o) (Night)
Industrial Area 72.85 45 53.58 35
Residential Area 55.42 50 4393 60
Commercial Area 76.61 55 55.86 45
Transport Area 80.67 60 62.01 50
Mixed Area 78.44 55 55.43 50
Average 72.80 56 54.20 45

*Derived from NESREA, 2009.
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Figure 2: Actual and Permissive Noise Levels in the Study Area

This study was set out to test the null hypothesis (H,,) that land-
use type has no significant effect on noise pollution in Osogbo
against the alternative hypothesis (H;) that land-use type
significantly affects noise pollution in the city. An ANOVA test
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Table 5: Analysis of Variance of Noise Pollution across Land Use Types

Sum of Squares  df Mean Square F Sig.
Day_Average * Landuse_Type Between Groups 1010.16 5 202.03 12.94  0.000*
Within Groups 249.90 16 15.62
Total 1260.05 21
Night_Average * Landuse_Type Between Groups 371.32 5 74.26 3.15 0.036*
Within Groups 376.95 16 23.56
Total 748.27 21

*Significant at 0.05 (p < 0.05) alpha level

was performed at a 95% confidence level to evaluate the effect of
land-use types on noise pollution in the city. The fixed factor (or
independent variable) is the land-use type, with three categories:

extreme northeast. The low noisescapes are located in the
western and southwestern peripheries of the city, the areas with
limited daylight activities.

residential, mixed uses, and commercial. The noise level was the
dependent variable in the analysis. The assumption of homogeneity s e

of variance was first tested, and the result was found to be tenable
using Levene’s test. Table 5 presents the results of the ANOVA
test. It reveals a statistically significant relationship between land-

750N
T
7°500N,

use type and noise levels observed across the land-use types in the
study area. The results indicate that the F-ratio of 12.94 (p-value =
0.036) for the daylight noise level and 3.15 (p-value = 0.000) for
the night noise level are significant at the 95% confidence level.
This result implies that the observed differences in
environmental noise level in the study area did not occur by chance

T
7°450'N

but varied significantly across all land-use types. Therefore, the

745N

null hypothesis is rejected, and the alternative hypothesis is

accepted. From these results, we can infer that land-use types

significantly affect the observed noise levels. The reason for this

T T
4300°E 4350

could not be isolated from the fact that different activities

associated with different land-use types generate different noise Figure 3: Spatial Variations in Observed Noise Levels during the

levels. For example, transportation land-use type generates high Day in the Study Area

traffic noise, which is more endemic than commercial activities in

commercial land-use areas. These also differ from noise generated

+0E +IB0E

in residential areas, as residential land use involves fewer noise-
generating activities. This finding is consistent with the findings of
Olayinka and Abdullahi (2010), who ranked noise from
transportation activities as the highest in Ilorin, followed by noise

7°500'N
L
7°500'N

from commercial areas, then from industrial and public land use,
and noise from residential areas as the lowest.

The ANOVA result is emphasized further by the noise heat
maps shown in Figures 3 and 4, which depict the spatial variations
in noise pollution during the day and night across different land
uses. Figure 3 shows the noisescape of the city during the day.

7°450'N
T
7°450°N

The noise levels in most central areas are high, generally
exceeding 65 dB. However, there are pockets of very high noise

levels (=70 dB) that coincide with noise-generating land uses,

such as the Ilesa Motor Park (extreme southeastern part of the

city), intense commercial activities like the Oluode and Adenle Figure 4: Spatial Variations in Observed at Night Noise Levels in

Markets (in the central area, and the industrial land use in the the Study Area
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Table 6: Socio-economic Characteristics Respondents

No. of Respon-

Characteristic Category dents Per cent (%) Mean
Age . 0-20years 25 12.5 44 5years
21 -40 years 73 375
41 -60 years 53 27.3
. 61 years and above 44 22.7
Total 195 100.0
Gender . Male 87 449
Female 108 55.1
Total 195 100.0
Marital Status Single 12 6
Married 128 65.8
Divorced 16 8.3
Widow and Widower 32 16.7
. Separated Parent 7 3.2
Total 195 100.0
Household Size 1 -4 People 21 10.6 6.4 people
5 -8 People 87 45
9-12 People 62 31.9
13 and above 25 12.5
Total 195 100.0
Highest level of No Formal Education 8 4.2
Education Primary 39 19.9
Secondary 29 14.8
Tertiary 119 61.1
Total 195 100
Occupation Civil Service 53 27.3
Trading 32 19
Farming 27 16.3
Artisan 33 13.7
. Others 13 6.7
Total 195 100
Monthly Income Less than N20,000 25 125 N53,000
N20,000 - N40,000 57 29.2
N40,000 - N60,000 39 19.4
N60,000 - N80,000 35 18.1
N80,000 - N100,000 23 12
. Above N100,000 15 8.8
Total 195 100
Ethnicity Yoruba 125 64.3
Hausa 37 18.7
Igbo 27 14
Others 6 3
Total 195 100
Religion Christianity 100 51
Islam 88 453
Traditionalist 7 3.7
Total 195 100

Source: Author’s Fieldwork, 2018

The night noisescape presents a different picture as the vast
area of the city is calmer at night with an observed noise level of
55 dB or less. Only the industrial areas in the extreme northeast
of the town recorded a higher noise level exceeding 65 dB.
Around the city center, pockets of heightened noisescapes
coincide with the location of nightclubs and worship centers.
Nightclubs in the city are known for playing high-pitched music
and featuring live bands to entertain patrons, contributing to

noise pollution. It is also worth noting that adherents of the city’s
two dominant religions engage in noise-generating nocturnal
religious activities such as vigils and open-air crusades, among
other activities. Conversely, the area in the western and
southwestern parts of the city experiences calmer nights because
the noise-generating activities are very low.
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Socioeconomic Characteristics of the Respondents

The generation and management of urban noise are highly
dependent on land use, household characteristics, and individual
behavior. Therefore, Table 6 shows the distribution of the 292
respondents selected by household and demographic
characteristics. As shown in Table 6, 55.1% of the respondents
are women, whereas 44.9% are men. The implication is that
there is a likelihood of high indoor noise and noise from domestic
activities, such as blending, grinding, and other kitchen activities
performed primarily by women. This is because it is widely
assumed that women talk more than men and engage in more
domestic activities (Boateng and Amedofu, 2004).

Regarding land uses, 32.7% of those interviewed lived in
residential areas, 23.7% in commercial areas, and 24.7% in
mixed land wuses. Industrial land uses accounted for
approximately 13.6%, whereas other land uses accounted for
5.3%. This result indicates that most respondents were drawn
from the city’s commercial and mixed land uses. The two land
uses contributed an appreciable size (48.7%) of the study area
compared to the 32.7% drawn from residential land use. The
preceding section illustrates that commercial and mixed land
uses have higher levels of diurnal and nocturnal noise than
residential land uses.

Individuals’ ages are a good predictor of how active and
chatty they are (Mougeot, 1999). As shown in Table 6, the
majority of the sampled respondents are between the ages of 21
and 40, with a percentage value of 37.5%. The average age of
urban residents in Osogbo is 44.5 years. This implies that most
people are young and productive, which might allow them to
engage in activities that generate urban noise (e.g., engaging in
industrial production, playing loud music, partying, and
engaging in street protests). Moreover, many of these
respondents are of childbearing age; hence, constant crying and
screaming from their infants and toddlers will likely contribute
to ambient noise levels in their neighborhoods. Regarding the
marital status of the respondents, Table 6 reveals that 45.8% of
the respondents are married, 16.7% are widowed, 8.3% are
divorced, and 29.2% are single. The implication is that married
respondents are likely to have children that can be considered
noise sources in residential areas. Furthermore, a family’s size
influences the noise emitted by dwelling units. The survey
revealed that the average household size in Osogbo is eight
people. Meanwhile, the mean household size was 6.4 people,
with approximately 80% having 5 to 12 people, indicating a
predominance of large households.

Table 7: Residents’ Perception of Noise Pollution in Osogbo

No. of respon-

Question Asked Response Percentage (%)

dents
Noise as pollution Yes 194 99.0
No 1 1.0
Total 195 100.0
Sources of noise
pollution in your Transport 182 92.7*
area
Markets & Clubs 123 63.0%
Religious area 170 87.0%
Generator 185 94.7*
Music from Neigh- 106 54.0%
bour
Industrial activities 72 37.3%
Perceived Neigh-
bourhood Noise Extremely noisy 22 1.3
Levels
Very noisy 67 343
Noisy 83 42.7
Quiet 21 11
Very quiet 1 0.7
Total 195 100
Awareness of any
goverrnment inter- Yes 2 13
vention to reduce
noise pollution
No 173 88.7
Total 195 100
Perceived
neighbourhood
associations’action Yes 18 9.2
in curbing noise
pollution
No 176 90.4
Total 195 100

* Multiple-choice responses; hence, it wouldn’t add up to 195
Source: Author’s Fieldwork

Perception of Noise Pollution Among Residents

Noise pollution poses a significant threat to urban
sustainability worldwide (Fiedler and Zannin, 2015; WHO,
2005). According to the WHO, noise is a hazardous agent that
affects both human health and the environment. In the past, most
Nigerians have not paid significant attention to the seriousness
of noise pollution and its dangerous consequences.

Almost all of the 295 respondents (99.3%) in the study area
agreed that noise was a major source of pollution in the study
area. Among these respondents, 99 (34%) stated that they
perceived the most noise in the morning hours, whereas 86
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(29.3%) agreed that noise pollution is always at its peak in their
areas during the evening hours. Moreover, 17.3% said that they
perceived the noise most at night, whereas 16.1% perceived the
noise the most in the afternoon. In general, 79.4% of urban
residents agreed they perceived diurnal environmental noise
pollution more than nocturnal noise level. In comparison, 20.6%
were more exposed to it at night than during the day. Therefore,
this implies that, irrespective of land use, urban residents
experience more environmental noise pollution during the day
than at night. This result agrees with the findings of Olayinka
and Abdullahi (2010) and Abel (2015). They affirmed that in
most cities in developing countries, the diurnal noise level is
commonly higher than the nocturnal noise.

Perceived Effects of Noise Pollution on Residents’ Health

A central objective of this study is to analyze the health
effects of noise pollution in the study area. To achieve this
objective, the authors asked relevant questions. Table 8 presents
the responses obtained. Almost all respondents know that
environmental noise pollution causes significant health problems
for the well-being of residents, as 94% of respondents in the city
responded affirmatively. In addition, more than 32% of the
respondents reported feeling highly annoyed with noise pollution
in their neighborhoods. In terms of the health effects of noise
pollution in the study area, the survey found that nearly three-
quarters (72.3%) of Osogbo residents frequently experience loss
of sleep (insomnia) during the night due to high levels of
nocturnal noise pollution from sources, such as nightclubs,
generating sets, parties, traffic, and noise from religious
activities.

Similarly, approximately two-thirds (64.3%) of the
respondents also reported that they had, at one time or another,
experienced hearing impairment caused by the level of noise
pollution in the atmosphere. Furthermore, 42.7% stated that they
had previously experienced a sudden loss of hearing (some
lasted for a short period, whereas others led to a permanent loss
of hearing). The psychological effect of noise pollution in the
study area is also significant, with 49.7% of the study population
reporting that they occasionally experience psychological
problems, such as stress (46.7%), anxiety (43.8%), and psychosis
and emotional instability (33.6%) due to the high noise pollution
in their environment.

Environmental noise pollution also produces other effects for
the residents of the study area, including loss of concentration
(71.7%), speech interference (54%), and worsening of
hypertensive symptoms (64.3%). Table 8 further shows that 28%
of urban residents in the study area suffer from mild or chronic

hypertension, which may be worsened by increased exposure to
loud noise. Importantly, 37% of the urban residents had visited
the hospital at least once for noise-related ailments. Therefore,
we can infer that noise pollution significantly impacts the health
and well-being of city dwellers.

Table 8: Effects of Noise Pollution on People’s Health

Question Asked Response Frequency Percentage (%)
Awareness of ad- Yes 184 94
verse health effects
R No 11 6
of noise?
Total 195 100
Level of annoyance Too much 63 327
experienced from
X . Much 73 37.7
noise pollution
Little 53 27
Nothing 5 2.6
Total 195 100
Noticeable health Insomnia 141 72.3%
effects of noise . X
Hearing Impairment 126 64.3%
Hypertension 55 28.0*
Loss of Concent- 140 71.7%
ration
Psychological 97 49.7%
effects
Speech Interference 106 54.0*
Sudden loss of 83 42.7%
hearing
Shock due to loud 82 42.0*
noise
Any experience Stress 91 46.7%
with these psycho- Anxi 8 43.8¢
logical feelings? nxiety > ’
Psychosis and emo- 65 33.6%
tional instability
Have you ever Yes 37 72
visited a hospital N 63 123
as a result of a no- °
ise-related ailment? Total 100 195

Multiple-choice responses, hence it wouldn't add up to 195
Source: Author, 2021

Conclusion

The noise levels in the sampled areas were above the
NESREA and WHO recommended limits. The current level of
noise pollution in the city poses a serious health risk to all urban
dwellers in the area. Furthermore, the discomfort and irritability
caused by noise pollution can significantly reduce productivity
in both the public and private sectors. Since the transport
infrastructure constitutes a key noise source, technical actions on
transport systems can produce exciting results. In addition,

10
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effective land-use planning in Nigeria’s urban areas could help
prevent unnecessary noise pollution at odd hours of the day (i.e.,
noise from religious worship at midnight). Most cities in Nigeria
should take the prevention and mitigation of noise pollution
seriously and explore all possible means to combat the threat of
noise pollution.

Noise is also a byproduct of people’s behavior (e.g., reckless
driving, playing music at loud volume, product marketing and
street hawking, and religious activities). Therefore, information
and enlightenment campaigns, usually produced on radio,
television stations, and print media, can be used to invoke
behavioral and altitudinal changes that promote noise abatement.
A positive behavioral change would help reduce noise pollution
in the study area significantly. In addition, environmental noise
impact criteria levels for various land uses must be established
before any intending developer can be granted planning and
development permits. These criteria would allow the noise
impacts of any proposed development to be predicted and
management strategies proposed. Similarly, the government
should enact and enforce laws to limit the number of religious
activities and nightclubs in the city to reduce noise pollution
from these sources.

Sound urban planning and enforcing planning codes are
ultimately required to mitigate the escalating noise pollution in
medium-sized urban centers. Due to resource constraints and
weak governance structures, many small- and medium-sized
African cities find it difficult to create and enforce environmental
laws in areas with strong religious and cultural beliefs. This most
likely explains the persistence and aggravation of noise pollution
in these cities. This study demonstrates that noise pollution
contributes to public health problems and affects productivity.
Consequently, this study recommends a constructive partnership
between the government and residents as a panacea for the
debilitating noise pollution in Africa’s small and medium-sized
cities. This collaboration will make residents active participants
in the government’s noise mitigation strategies.
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GunUmuz diinyasinda fosil yakitlarin yerine alternatif bir enerji kaynak arayisi oldukca poptiler bir yaklasimdir. Glines panelleri ve riizgar enerjisi santralleri
gibi yenilenebilir enerji kaynaklar fosil yakitlarin alternatifleri arasindadir. Riizgar enerjisi santralleri hem denizde hem de karada olmak Uzere diinyanin
bircok bolgesinde aktif olarak kullanilmaktadir. Turkiye'de de RES'ler 6zellikle 2000'lerin basindan itibaren kullaniimaya baslamistir. Tirkiye'deki RES'ler daha
cok Ege ve Marmara Bolgesinde yer almaktadir. Calisma alani olan Tunceli'de ise herhangi bir RES bulunmamaktadir. Bu ¢alismanin temel amaci Tunceli icin
uygun RES alanlarini dnermektir. Bu kapsamda Best-Worst yontemi (BWM) CBS'ye entegre edilerek kullanilmistir. BWM yontemi ikili karsilastirmaya dayanan
Cok Kriterli Karar Verme (CKKV) yontemidir. Calismada BWM modeli kullanilarak “topografya’; “sosyo-ekonomik’; “teknik” ve “lokasyon” olmak lizere dort ana
kriter altinda 16 kriter belirlenmistir. Her bir kriter farkli disiplinlerden uzmanlar tarafindan anket olarak degerlendirilmis ve uygun yer secimiicin kullanilmistir.
16 kriter icin ayri ayri haritalar olusturulmus, kriterlerin aciklamalari yapilmis ve bu haritalar sonug haritasinda kullaniimistir. BWM modeli kullanilarak tespit
edilen kriter agirliklan CBS'ye entegre edilerek Tunceli i¢in uygun RES kurulum alanlari belirlenmistir. Buna goére, Tunceli’'nin glineydogusunda yer alan
Pertek ve Mazgirt gevresi ile PUlimur'tin kuzeyi ve Cemisgezek'in cevresinde fiziki cografya acisindan uygun sartlari saglayan bazi alanlar RES kurulumuna
elverislidir.

Anahtar kelimeler: RES, Best-Worst Metot, CBS ile Uygun Yer Se¢imi, Tunceli

ABSTRACT

In today’s world, searching for an alternative energy source instead of fossil fuels has become highly popular. Renewable energy sources such as solar
panels and wind power plants are the alternatives to fossil fuels. Wind power plants (WPPs) are actively used in several regions of the world, both at sea and
on land. In Turkey, WPPs have been used, especially since the early 2000s, with the Aegean and Marmara regions being their prime locations. However, there
is no WPP in Tunceli. Thus, the main objective of this study is to recommend suitable WPP areas for Tunceli. In this context, the best-worst method (BWM)
was integrated into the geographical information system (GIS) and used in the study. The BWM method is a multi-criteria decision making (MCDM) method
based on pairwise comparison. In the study, 16 criteria were determined under four main criteria “topography’, “socio-economic’, “technical,” and “location”
by using the BWM model. Experts from different disciplines evaluated each criterion as a questionnaire and used it for appropriate site selection. For the 16
criteria, separate maps were created, explanations of the criteria were established, and these maps were cumulatively used in the resulting map. The criteria
weights determined using the BWM model were integrated into the GIS, and suitable WPP installation areas for Tunceli were determined. Accordingly, some
areas around Pertek and Mazgirt in the southeast of Tunceli, north of Piilimir, and around Cemisgezek, which provide suitable conditions in terms of
physical geography, are suitable for WPP installation.
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EXTENDED ABSTRACT

The increasing energy demand in the world pushes countries to meet this demand each year from renewable resources in addition to
fossil fuels. Based on sustainability and environmental impact factors, renewable energy sources have become extremely important.
Wind energy is a renewable energy source, whose capacity is increasing both at home and abroad.

In this study, the most suitable WPP installation site for Tunceli was determined by using Best-Worst Metot (BWM)-GIS in an
integrated manner. In this context, a total of 16 criteria were determined based on the liter ature and the characteristics of the study area,
which were then evaluated by experts and used in the study. Since wind power plant location selection is an interdisciplinary problem,
experts from different fields were consulted in the criteria evaluation. The expert team consisted of experts in the fields including
geography, industrial engineers, surveyors, geology, energy systems engineering, disaster management, and renewable energy resources.
These experts filled out the questionnaires (Table 3), and the criteria weights were calculated using the LINGO 19.0 software according
to the formula suggested by the best-worst method (BWM). BWM is an MCDM method based on pairwise comparison. BWM outputs
were transferred to the GIS, an overlapping analysis was applied using the “Weight Sum” tool from ArcGIS tools, and suitable areas for
RES installation were determined.

For Tunceli, the most suitable WPP areas proposed within the scope of the study constitute a limited area. These areas are partly the
northern periphery of Piiliimiir and the environs of Pertek and Mazgirt. According to the study outputs, the “less suitable” and “not
suitable” fields correspond to a fairly wide area owing to the wind speed in the Tunceli province and the difficult physical geographical
conditions of the region. Especially in Munzur and Mercan Mountains located in the northern part of the study area, the altitude reaches
3,000 m and has considerably high slope values. Likewise, in most parts of the study area, the elevation and slope values are quite high.
In addition, except for certain regions of the study area (partially north of Piiliimiir and around Pertek and Mazgirt), the wind speed is
substantially low. Therefore, based on the effect of these conditions, suitable areas in the WPP installation coincided with a limited area.

Within the scope of the study, field studies were conducted in the areas most suitable for the WPP installation. Fieldwork is critical
for the comparison of the analysis results with the real area. In this direction, necessary comparisons were drawn and locations possibly
suitable for the WPP installation were shown. Despite the integrated use of BWM-GIS in this study, certain limitations exist. Within the
scope of the study, a total of 16 criteria were used among only four main criteria. The output of the study agrees with these criteria. In
addition, technical details such as wind turbine type and shape have not been considered and were evaluated in general, which was
another limitation of the study. More precise results can be achieved if the number of criteria and turbine type are considered in detail in
future studies.

Based on the results of this study, places with high elevation, very high slope, very dense forests, and those far from main roads and
power lines correspond to “less suitable” and “unsuitable” areas. These areas are mostly located around the Munzur and Mercan mountain
ranges, around the Munzur and Piilimiir valleys, and high areas in the north of Hozat and Cemisgezek. These areas have limited
settlement with difficult physical and climatic conditions. Therefore, such areas are not only suitable for WPP installation but also for
various human activities.
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1. GIRIS

Kiiresel enerji talebinin gelecek yillarda artmaya devam
edecegi ongoriilmekle birlikte, sanayilesmis tilkelerdeki artisin,
sanayilesmis diinyay1 takip etmeye devam eden gelismekte olan
iilkelere gore daha diisiik olacagi tahmin edilmektedir. Diinya
niifusu Ooniimiizdeki birka¢ on yilda artmaya devam edecegi i¢in
2050 yilina kadar enerji talebinin de 1990’a kiyasla 2.3 ila 4 kat
artacagi disiiniilmektedir (Quaschning, 2005). Enerji talebinin
kullanim ¢esitliligindeki ¢ok yonli biiyiimeyle paralel olarak
giin gectikge artt1g1 glinimiiz diinyasinda, enerjinin yenilenebilir
ve gevre dostu teknolojiler vasitasiyla elde edilmesi giderek
onem kazanan bir olgudur. Her gecen giin artan talep, mevcut
enerji altyapist lizerinde dnemli bir baski olusturmakta, sera gazi
emisyonlar1 ve kiiresel 1sinma nedeniyle ¢evre sagligi onemli
olciide etkilenmektedir. Bugiin kars1 karsiya oldugumuz ¢evre
sorunlarina ¢oziim bulmak, ayni zamanda siirdiiriilebilir
kalkinma i¢in de uzun vadeli eylemler gerektirmektedir. Bu
baglamda, yenilenebilir enerji ve stirdiriilebilir kalkinma
arasindaki yakin iliskiden dolay1 yenilenebilir enerji kaynaklart
en verimli ve etkili ¢dziimlerden biri olarak goriinmektedir
(Omer, 2008). Cevre saghgmin olumsuz etkilenmesi de
yenilenebilir enerji kaynaklarinin giindeme gelme sikligint
artirmaktadir.

Giliniimiizde kiiresel 1sinma ve iklim degisikliginin ¢evreye
ve insanliga verdigi zararlar herkesce bilinmektedir. Enerji
sektorii ise, tipki sera gazi emisyonlar1 gibi kiiresel 1sinmay1 ve
diinyadaki toplam karbondioksit (CO,) salinimini %75’e varan
oranlarda artirici bir etkiye sahiptir (Manish vd. 2006). Enerji
iiretiminde yenilebilir kaynaklara yonelinmesinin ulastig1 diizey,
gelismis ve gelismekte olan birgok iilkeden verilebilecek
orneklerle daha iyi anlagilabilir. Almanya’da Energiewende
programiyla, niikleer enerjinin terk edip yenilenebilir kaynaklarin
kullaniminin hizlandirilmasi yoluyla 2050 yilina kadar sera gazi
emisyonlarinin %80 oraninda azaltilmasi hedeflenmektedir
(Renn ve Marshall, 2016; Morris ve Jungjohann, 2017).
Yenilenebilir enerji kullanimina yonelik hedefler, bir¢ok iilke ve
bolgede biiyiimeye devam etmektedir. Ornegin, Avrupa Birligi
2014 yilinda %27 olarak belirledigi 2030 yenilenebilir enerji
iiretim pay1 hedefini 2018’de %32’ye yiikseltmis bulunmaktadir
(Sekil 1) (Gielen vd. 2019).

Enerji sektortiniin heterojenligine ve 50 eyaletinin her birinde
tedarik kaynaklarinin belirgin farkliliklarina ragmen, Amerika
Birlesik Devletleri de yenilenebilir enerjiye basarili bir gecis
stireci yagsamaktadir. Yenilenebilir enerji kaynaklarina yonelik
vergi tesvigi gibi uygulamalar gerek federal hiikiimetler gerek ise
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Sekil 1: Diinyada Riizgar Enerjisi Uretiminin TWH Olarak
Mevcut Durumu ve 2030 Tahmini (IEA, 2022)
Figure 1: Status of Wind Power Production in TWH and
Forecast for 2030 (IEA, 2022).

eyaletler diizeyinde iilkenin enerji sektortinii doniistiirmektedir.
Diinyanin en biiyiik enerji {ireticisi ve tiiketicisi olarak Cin ise,
enerji tedarik dontigiimiinde kritik bir role sahiptir. Cin, artan
enerji talebini kargilamak ve hava kirliligini azaltmak icin
yenilenebilir kaynaklara yonelmis, iilke ayrica 2030’a kadar gayri
safi yurtici hasilasindaki birim bagina diisen karbon emisyonlarini
%60-65 oraninda azaltmak i¢in hedefler belirlemis bulunmaktadir
(URL-1). Kiiresel enerji kullaniminda 6nde gelen baska birgok
iilke yenilenebilir kaynaklardan tedarige yonelik ciddi adimlar
atmay1 siirdiirmektedir. Nitekim, Rusya’nin 2024 y1l1 i¢in giines,
riizgar ve jeotermal basta olmak iizere yenilenebilir kaynak
kullanimi agisindan  belirledigi 5 GW hedefini asacagi
ongoriilmektedir (Gielen vd., 2019). Tiirkiye’de cari agigindaki en
onemli kalem olan enerji ithalatin1 azaltmak i¢in arz noktasinda
giines ve riizgar enerjisi gibi yenilenebilir kaynaklarin kullanimini
arttirmasi gerekmektedir (Yilmaz, 2012).

Enerji talebinin karsilanmasi noktasinda kaynaklart yeterli
olmayan iilkemiz, enerji ithalatint siirekli arttirir hale gelmistir.
Ozellikle petrol ve dogalgaz gibi kaynaklar acisindan enerji
ithalatina olan bagimlilik giderek artmaktadir (Yilmaz, 2012).
Fosil yakitlar agisindan fakir olan Tiirkiye’nin bu siirekli artan
enerji talebini kargilamakta kaynaklart yetersiz kalmakta olup,
toplam enerji talebinin ancak %26’s1 kendi kaynaklarimizdan
karsilanabilmektedir. Bu durum siiphesiz ilkemizi enerji
ithalatcis1 bir konuma getirmektedir. Tiirkiye’nin enerji talebi
noktasinda petroliin %92’sini ve dogalgazin %99’unu ithal
etmesine bagli olarak dis kaynaklara olan bagimliligr %74
oranindadir (Arslan ve Solak, 2019). Tiirkiye’nin resmi enerji
politikas1, 2023’e kadar iilkenin dis kaynaklara olan bagimliligini
azaltmak ve dogal kaynaklara harcanan maliyeti kisarak i¢
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kaynaklardan maksimum 6l¢ilide yararlanmaktir. Bu ¢ercevede
2023 yilinda toplam elektrik dretiminin ylzde 30’unun
yenilenebilir kaynaklardan temin edilmesi hedeflenmistir
(Y1lmaz ve Ozig, 2018, s. 526).

Yenilenebilir enerji kaynaklari dogadaki tikenmeyen ve
kendi kendini yenileyebilen enerji tiirleridir. Bunlar riizgar,
giines, jeotermal, hidroelektrik, dalga ve biyokiitle gibi
enerjilerdir (Akova, 2003). Tirkiye yenilenebilir enerji
kaynaklarindan biri olan riizgar enerjisi bakimindan ¢ok biiyiik
bir potansiyel barindirmaktadir. Nitekim Tiirkiye OECD f{ilkeleri
arasinda da en yiiksek riizgar enerjisi potansiyeline sahip iilke
konumundadir. Teknik potansiyel bakimindan iilkemiz,
Almanya’nin yaklasik 7 ve Ispanya’nin ise 2 kati1 daha fazla
potansiyele sahiptir. Potansiyelin yaninda bir iilkede riizgar
hizinin fazla olmasi da riizgar enerjisinden faydalanma
noktasinda 6nemli bir bilesendir (SETA, 2017), 2023 hedefleri
dogrultusunda Riizgdr Enerji Santrali (RES) kurulu giiciiniin,
toplam giiciin %20’sine karsilik gelecek sekilde 20 bin MW
beklenmektedir.
katildiginda giincel RES kurulu giicii az olmakla beraber, son 10

degerine  ulasmasi Potansiyel  hesaba
yil arzinda 6nemli gelismeler saglanmistir. 2014 sonunda 3.762
MW olan RES kurulu giicii, 2015’in ilk yarisinda 430 MW’lik
artigla 4.192 MW seviyesine, 2022 yil itibariyle ise yaklasik
11.000 MW’ye yiikselmistir. Dolayisiyla elektrigin %6’ lik
boliimii riizgar enerjisinden iiretilmekte olup, bu degerin 2023’te
%20 diizeyine yikseltilmesi hedeflenmektedir (Sekil 2)

(Giiltekin, 2019).
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Sekil 2: 2006-2021 Dénemi RES Kurulum Miktarlar (TUREB, 2022)
Figure 2: 2006-2021 WPP Installation Amounts (TUREB, 2022)

Dogu Anadolu bdlgesi, kurulu RES giicii bakimindan 2019
yili verilerine gore %1,22 ile 7 bdlge igerisinde sondan ikinci
sirada gelmektedir. 43 adet riizgar tiirbininin bulundugu bolgede
ozellikle diger bolgelerden gegis alanlarina kurulu olan santraller
vasitastyla 1.500 metre seviyesinin iizerine ¢ikilarak bu yiikselti
basamagindaki tiretim artmis ve 1.500-1.750 metre yiikselti
basamaginda 945,15 MW enerji tiretimi saglanmis bulunmaktadir

(Pmar vd. 2020). Tunceli ¢evresi her ne kadar riizgar hizlar1 belirli
seviyede (3 ile 6 m/s) olsa da belirli bolgeler RES kurulumlari i¢in
bir potansiyele sahiptir. Bolgeye kurulacak RES’ler ekonomik
olarak ¢ok uygun goriilmese de bolgede yer alan tarima yonelik
kiiciik yerel isletmeler ile kdylerin enerji ihtiyacini karsilamak icin
inga edilebilir. S6z konusu RES’ler kiiciik 6l¢ekli olacaktir.

2. ARASTIRMADA AMAC VE YONTEM

Bu aragtirmada, Tunceli ilinde RES kurulumu i¢in en uygun
lokasyonlarin belirlenmesi amaglanmistir. Diinya genelinde
kullanimi giderek artan rlizgar enerjisinin Tunceli 6zelinde
sundugu firsatlar, RES kurulumu i¢in uygun alanlarm belirli
kriterlerle se¢imi temelinde ele alinmistir.

Arastirma kapsaminda uygun yerlerin belirlenebilmesi igin
Cok Kriterli Karar Verme (CKKYV) yontemlerinden biri olan Best-
Worst Metodu (BWM) Cografi Bilgi Sistem CBS) araclar1 entegre
bir sekilde kullanmilmistir. Riizgdr enerji santrali yer se¢imi
disiplinler ~arast bir problem oldugu ic¢in  kriterlerin
degerlendirilmesinde farkli alanlardaki uzmanlara bagvurulmustur.
Uzman ekip cografya, endiistri miihendisi, harita miihendisi,
jeoloji, enerji sistemleri miihendisligi, afet yonetimi, yenilebilir
enerji kaynaklari gibi alanlarda uzman kisilerden olusmaktadir.
S6z konusu uzmanlar gerek calisma alani 6zelinde yeterlilige
sahip olup c¢alismada kullanilacak yontemi ve metot hakkinda
yeterli bilgiye sahiptirler. Bu uzmanlar anketleri doldurmus ve
kriter agirliklart BWM’nin 6nermis oldugu formiile gére LINGO
19.0 yazilim1 kullanilarak hesaplanmustir.

3. MATERYAL VE VERI

Calismanin bu boliimiinde ¢alisma alant ve RES kurulumu
i¢in kullanilan CKKYV yontemi ile ¢alisma kapsaminda kullanilan
kriterler detayli bir sekilde agiklanmuistir.

3.1. Calisma Alam

Caligma alanini olugturan Tunceli ili, Dogu Anadolu Bolgesi’nin
Frrat Boliimii’nde 9° 19” ve 40° 26’ dogu boylamu ile 39° 36’ ve 38°
46> kuzey enlemleri arasinda yer almaktadir. Tunceli’nin ili
kuzeyden Munzur Daglari, dogudan Seytan Daglari, giiney ve
batidan da Keban Baraj Golii gevrilidir. Ayn1 zamanda Bingdl,
Elazig ve Erzincan illeriyle komsudur. Yaklagik 7600 km? ile
Tiirkiye topraklarinim %1’ini kaplamaktadir (Sekil 3).

Ortalama yiikseltisi 1264 m ile daglik bir bdlgede yer alan
Tunceli’nin yiikseltisi giineyden kuzeye ve batidan doguya
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dogru gidildikce artmaktadir. Ozellikle kuzeyde yer alan ve dogu
Toroslarin devami niteligindeki Munzur, Mercan ve Bagirpasa
daglart ilin en yiiksek noktalarini olusturmaktadir. Bu daglik
bolgede yiikselti yer yer 3000 m’leri (Akbaba zirvesi 3463 m)
asmaktadir. Bolgede kuzeyden giineye dogru yiikselti azalmakta
olup, ilin giliney sinirin1 olusturan Keban Baraj Golii ¢evresinde
750 m’lere kadar diismektedir.

Tunceli topraklarinin %70’ini daglar, %25’ini platolar ve
%35’ini ovalik, diiz alanlar olusturmaktadir. Bdlgedeki plato
sahalarin1 kuzeydeki daglik alanlarin tizerinde, yiiksek sirtlarlar
cevrilmis ve yaklasik 2500 m yiiksekliklerdeki yiiksek platolar
ile giineyde, yaklasik 850-1250 m civarindaki algak platolar
olusturmaktadir (Ering, 1953). Calisma alaninin kuzeyi yerlesme
acisindan uygun olmayan, daglik ve engebeli bir durumdayken,
giiney bolgesinin yiikseltisi az, daha diiz ve kuzeye gore
yerlesilebilir alanlardan olugmaktadir (Saragoglu, 1956).

Tunceli ilinin kuzey-giiney arasindaki yikselti farki iklimin
sekillenmesinde de etkili olmustur. Bélgenin kuzeyindeki yiiksek
kesimlerde kiglar ¢ok sert, yazlar serinken; giiney bolgesinde
kislari daha yumusak, yazlari ise daha serin ve kurak gegmektedir.
Bolgede yillik ortalama sicaklik 12,8 °C, yillik ortalama yagis
862, 6 mm’dir (MGM, 2022).

Tunceli’de topografya kosullarinin farklilik gostermesi
niifusun dagilis1 {izerinde de etkili olmustur. Il genelinde yaklasik
1700 miizerinde ytikseltinin etkisiyle iklim kosullar1 sertlesmekte
ve arazi parcali goriinim kazanmaktadir. Buralarda yasam
kosullarinin zorlagsmasi hem yerlesmelerin karakterlerini hem de
niifusun ekonomik aktivitelerinin simirlandirarak niifus ve

yerlesmelerin azalmasina neden olmaktadir (Esen ve Avci,
2017). Bu anlamda yoredeki niifus yiiksek ve engebeli kuzey
kesimlerde seyrek iken, kismen diiz alanlarin genis oldugu giiney
bdlgelerinde daha sik bir goriiniimdedir.

Caligma alaninda ortalama riizgdr hizi1 3-6 m/s arasinda
degismektedir. Riizgar hizi vadi iglerinde, etrafi daglarla kapali
alanlarda da azken, kismen etrafi acik sahalarda, platoluk alanlarda
daha yiiksektir. Tunceli sehir merkezinin de igerisinde yer aldigt
Munzur ve Piiliimiir vadileri, etrafi daglarla ¢evrili Ovacik Ovasi ve
cevresinde riizgar hizlar en diisiik degerlere (2-3 m/s) inmektedir.
Diger taraftan daglik ve engebeli alanlarin daha az oldugu ve
etrafinm kismen agik oldugu dogu-giineydogu kesimlerinde
nispeten daha yiiksek riizgar hizlarina (5-6 m/s) hakimdir.
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Sekil 3: Tunceli ilinin Lokasyon Haritasl
Figure 3: Location Map of Tunceli Province

Tablo 1: Calismada Kullanilan Kriterlerin Veri Kaynagi ve Céziinurltkleri.
Table 1: Data Source and Resolutions of The Criteria Used in The Study.

Ana Siniflandirma Kriter Veri Kaynagi Veri Tipi Coziiniirliik (Olgek)
Yukselti USGS, 2022 Grid 30m
Egim USGS, 2022 Grid 30

Topografya Arazi Kullanimi CORINE (2018) Shapefile 1:100,000
Bitki Ortiisii USGS, 2022 Grid 100 m

Litoloji MTA, 2022 Shapefile 1:100,000

. Nifus Yogunlugu TUIK,2022 Shapefile- Alan 1:100,000
Sosyo-Ekonomik Kosullar Maliyet Yazarlar tarafindan hesaplandi. Grid 30m

Kus Go¢ Rotalari Kiziroglu ve Erdogan, 2015 Shapefile-Cizgi 1:100,000
) Riizgar Hizi Global Wind Atlas, 2022 Grid 100 m
Teknik Kapasite Faktor Dagilimi Global Wind Atlas, 2022 Grid 100 m
Ruzgar Gli¢ Yogunlugu Global Wind Atlas, 2022. Grid 100 m

Elektrik Hatlarina Uzaklik OpenStreetMap, 2022 Shapefile-Cizgi 1:50,000

Lokasvon Yollara Uzakhk OpenStreetMap, 2022 Shapefile- Cizgi 1:25,000

4 Yerlesim Alanlarina OpenStreetMap, 2022 Shapefile-Cizgi 1:100,000

Faylara Uzaklk OpenStreetMap, 2022 Shapefile-Cizgi 1:100,000

Akarsu-Gollere Uzakhk OpenStreetMap, 2022 Shapefile- Cizgi 1:25,000
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Calisma kapsaminda her bir kriter i¢in uygun veri kaynaklari
belirlenmis ve kullanilmustir. Tlgili veri kaynaklari ve tipleri
tablo 1’de detayli olarak gosterilmektedir. Bu veriler oncelikle
uygun veri tipine doniistliriilmiis ve c¢aligma alani sinirlarina
gore kirpma islemi yapilarak kullanilmistir.

3.2. Best-Worst Metot

BWM Rezaei (2015) tarafindan 6nerilen bir Cok Kriterli Karar
Verme (CCKV) yontemidi. BWM temelde ikili karsilastirmaya
dayali bir agirliklandirma aracidir. Ttiim kriterleri tek tek birbirleriyle
karsilastirmadan ziyade ikili karsilagtirmaya ihtiya¢ duyar (2n-3,
burada n kriter sayisini ifade etmektedir). Yontemde dncelikle “en
iyi” ve “en kotii” kriterleri belirlenir. Daha sonra bunlari mantikli bir
sekilde diger kriterlerle ikili olarak karsilastirilir. Karsilagtirmalar igi
1-9 aras1 bir 6lge kullamlir. Iki kriter ayn1 dnem sahipse “1” kullanilir.
Iki kriter arasinda ¢ok 6nemli bir fark varsa “9” degeri kullanilir.
“En iyiden-digerlerine” ve “digerlerinden-en koétiiye” olmak iizere
iki 6zel vektor tutarlilik kontrolii yapmaktadir (Rezaei, vd., 2016;
Rezaei, 2020). BMW yontemi cografyanin yani sira mithendislik,
afet yOnetimi, enerji gibi birgok alanda aktif bir sekilde
kullanilmaktadir (Ali, vd., 2019; Giil, vd., 2020; Tercan, 2021).
Uygulama adimlari su sekildedir:

1. Adim: Degerlendirilecek kriterler belirlenir. Karar vermede
kullanilacak kriterler (c1, c2...cn) ile gosterilir.

2.  Admm: Belirlenen kriterler arasindan en iyi (en 6nemli, en
cok istenen) ve en kétii (en az 6nemli, en az istenen) kriterler
belirlenir. Bu agamada ikili karsilastirma yapilmaz.

3. Admm: 1-9 arasindaki sayilarin kullanilmasi, en iyi kriterin
diger kriterlerden ne kadar farkli oldugunu belirler. En iyi
ile digerleri (Best to other) i¢in vektor su sekilde olusturulur:
Ap=(apy, 0py, ..., 0p,) burada ap; kriterine gore en iyi kriter
B’nin  tercihini  gosterir.  Kriterlerin  kendileriyle
karsilastirilmasi ise (ogg = /) bu sekilde formiile edilir.

4. 1-9 arasindaki sayilarin kullanilmasi, en kot kriterin diger
kriterlerden ne kadar farkli oldugunu belirler. Diger-En
Kotii vektorii su sekilde olusturulur: Ag= (0, 02y ---) Opyp)
burada ay,, kriterinin en koti kriterine gore tercihini gosterir.

5. Agirhgm belirlenmesi su formiille yapilir; w;", wy',...., w,"
Gerekli dontisiim yapildiginda, problem su sekilde olusturulur:

min §

—B—aBj < ¢ tiimii icin j
Wi

2L @iy | < E tiimii icin j
W JW | — €11 |
w

Zw; = 1w; = 0, tiimii i¢in )

Problem ¢dzmede optimum agirliklar ve formiilleriyle
hesaplanir. Bulunan optimum agirlik degerleri calisma ¢iktisinda
kullanilmak {izere ArcGIS’e aktarilir. Burada cakistirma
analizlerinden biri olan “Weight Sum” analizinin uygulama
asamasinda her bir kriter ayr1 ayr girilerek sonu¢ haritasi
olusturulur.

3.3. Kriterlerin Sec¢imi

Belirli bir alanda enerji iretilebilmesi i¢in uygun yerlerin
secilmesi oldukca dnemli bir konudur. Herhangi bir yerde ister
giines enerji panelleri, dalga enerji istasyonlari olsun, ister riizgar
enerji giilleri olsun kurulacagi yerin dogru seg¢ilmesi 6nemlidir.
Nitekim enerji istasyonlarin uygun alanlara kurulmasi verimliligi,
uzun siire enerji saglanabilirligi, giivenligi, ulasilabilirligi gibi
faktorleri direkt olarak etkilemektedir. Bu nedenle literatiirde yer
secimi konusu 6zelinde bir¢cok calisma yapilmistir (Gorsevski,
vd., 2013; Noorollahi, vd., 2016; Baseer, vd., 2017; Messaoudi,
vd., 2019; Tercan, vd., 2021; Xu, vd., 2020; Shorabeh vd., 2022;
Langer, vd., 2022; Effat ve El-Zeiny, 2022). Bu ¢alismalarin temel
amact kurulacak riizgar enerji santrali i¢in uygun yerlerin
bulunmasidir. Calismalarda uygun yerlerin tespiti igin gesitli
kriterler (riizgar hizi, yikselti, egim, vb.) kullanilmistir. Bu
calismada da Tunceli ilinin riizgar enerji santrali i¢in uygun
yerlerin belirlenmesi hedeflenmektedir. Bu dogrultuda hem
literatiir kaynaklarma hem de calisma alani 6zelliklerine gore 4
ana kriter igerisinde toplam 16 kriter belirlenmistir. Bunlar
topografya ana kriter icerisinde; yiikselti, egim, arazi kullanima,
bitki ortiisii ve litoloji, sosyo-ekonomik ve c¢evre kosullar1 ana
kriter igerisinde; doga koruma alanlar1, maliyet ve kus gog rotalart,
teknik ana kriter; riizgar hizi, kapasite faktdr dagilimi ve riizgar
giic yogunlugu ve son olarak lokasyon ana kriteri icerisinde;
elektrik hatlarma uzaklik, yola uzaklik, kentsel alanlara uzaklik,
faylara uzaklik ve akarsu-gollere uzakliktir (Tablo 2).

Yiikselti (A1): Yiikselti, RES kurulumlarinda 6nemli bir
kriterdir. Yiikselti kriteri bir¢cok ¢aligmada kullanilmis olup ¢ok

Tablo 2: Calismada Kullanilan Kriterler.
Table 2: Criteria Used in The Study.

Sosyo-Ekonomik

Topografya Kosullar Teknik Lokasyon
. ! . . o A Elektrik Hatlarina
Yiikselti Nufus Yogunlugu Riizgar Hizi Uzaklik
Egim Maliyet Kapa5|:re Faktor Yola Uzaklik
Dagilimi
Arazi Kulla- . Ruzgar Gli¢  Yerlesim Alanlarina
nimi Kus GO¢ Rotalan Yogunlugu Uzakhk
Bitki Ortisti Faylara Uzaklik
o Akarsu-Gollere
Litoloji

Uzaklik
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yiiksek rakimli araziler RES kurulumlart ig¢in Onerilmemistir
(Uyan, 2013; Noorollahi, vd., 2016; Ali, vd., 2019; Shorabeh,
vd., 2022). Diger taraftan yiiksek rakimli araziler riizgari
engelleyici ylizey sekillerinin daha az olmasi, daha az riizgar
tiirblilansina neden oldugu gibi riizgar hizlarinin da tutarli oldugu
belirtilmektedir. Bu nedenle yiliksek rakimli araziler RES
kurulumu i¢in uygun alanlar olarak gosterilmektedir (Baban ve
Parry, 2001; Effat ve El-Zeiny, 2022). Ancak yiiksek rakimli
arazilerde ulasabilirlik, yliksek ingaat maliyetleri, enerji transferi
ve ckipman nakliyesi gibi sebepler santral kurulumunu
etkilemektedir. Yapilan bazi1 ¢alismalarda RES kurulumu ig¢in
2000 m ve tizeri yiikseklige sahip alanlar sinir deger olarak kabul
edilmistir (Bennui, vd., 2007; Uyan, 2013; Noorollahi, vd.,
2016). Caligma alan1 ylksek bir topografyaya sahiptir.
Dolayisiyla ¢aligma alani 6zelinde kurulacak riizgar enerji
santralleri i¢in 2000 m yiikseklikler simir degeri olarak kabul
edilmistir (Sekil 4). Ancak bu sinir degerler sonug haritasinda
biitiinliik bozulmamasi admna ayrilmayarak gdsterilmistir.
Nitekim sonug haritasinda da s6z konusu alanlar genellikle
uygun olmayan alanlara denk gelmektedir.

Egim (A2): Arazinin ¢ok fazla egimli olmasi riizgar enerji
santral kurulumlarinda istenmeyen bir durumdur. RES
kurumunda yiiksek egim derecesine sahip alanlar yiiksek altyap1
maliyetlerine neden olacagindan ekonomik degildir. Literatiirde
bazi calismalar %3’liik egim degerini sinir deger olarak kabul
ederken (Uyan, 2013), uygunluk i¢in maksimum esik degerinin
%10 (Baban ve Parry, 2011) ile %30 (Tegou, vd., 2010) arasinda
oldugu belirtilmektedir. Bununla birlikte bazi riizgar tiirbinleri
%30’dan daha yiiksek olan egimli arazilere de kurulmustur
(Tegou, vd., 2010). Dolayisiyla RES kurulumlarinda egim
dereceleri ¢aligma alan1 6zelliklerine gore degigebilmektedir. Bu
calismada caligma alanindaki yiiksek egim dereceleri dikkate
alinarak, %0-10’dan, %30’a kadar olan araziler uygun olarak
kabul edilmis ve bu dogrultuda agirlik degerleri verilmistir
(Sekil 4).

Arazi Kullanim ve Bitki Ortiisii (A3-4): Arazi kullanimi
enerji yatirimlart i¢in en kritik faktorlerde biri oldugu igin
mevcut arazinin kullanimlarma dikkat edilmelidir (Jangid, vd.,
2016). Literatiirdeki calismalara gore hem gilines hem de riizgar
santralleri i¢in en uygun alanlarin ¢orak ve bos araziler oldugu
belirtilmektedir (Uyan, 2013; Jangid, vd., 2016; Ali, vd., 2019).
Ek olarak bitki ortiisiiniin oldugu alanlarda uygun alanlar olarak
degerlendirilebilmektedir. Ancak uzun boylu bitkiler tiirbiilans
yogunlugunu hizlandirabilecegi ve riizgar hizin1 yavaglatarak
doner ekipmana zarar verebileceginden dolay1 daha uzun bitki
ortiisti yerine kisa bitki Ortiisiiniin oldugu alanlar tercih

edilmelidir (Gorsevski, vd., 2013; Ali, vd., 2019). Dolayisiyla
rliizgar enerji santralleri i¢in bos, ¢corak ve kisa bitkilerin oldugu
alanlar uygun alanlardir (Sekil 4).

Litoloji (A5): Yer yapist RES kurulumlarinda etkili olan bir
faktordiir. Zeminde bulunan kayaglarin dayanikli olmasi dogal
(6zellikle deprem) ve beseri nedenlerden kaynaklanabilecek
veya tiirbinlerin neden oldugu sarsintilarin daha az oranda
hissedilmesine etki ederek, ortaya c¢ikacak problemleri
engelleyecektir (Ozsahin ve Kaymaz, 2013). Dolayisiyla yer
yapisinin saglam oldugu alanlar uygun alanlardir. Bu nedenle
calisma alanin jeoloji haritasi olusturulmus ve bu bilgilere gore
derecelendirme yapilarak agirlik degerleri verilmistir (Sekil 4).
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Sekil 4: RES Yeri Secimi icin Topografya Kriterler: Yiikselti (A1), Egim
(A2), Arazi Kullanimi (A3), Bitki Ortiisii (A4) ve Litoloji (A5)
Figure 4: Topography Criteria for Wind Power Plant Site Selection:
Elevation (A1), Slope (A2), Land Use (A3), NDVI (A4) and Lithology (A5)

Sosyo-ekonomik ana kriterler (niifus yogunlugu, maliyet ve
kus goc¢ rotalar1) caligma alanindaki durumlarina ve literatiire
gore ayrintili olarak agiklanmaktadir:

Niifus Yogunlugu (B1): Niifus yogunlugu riizgdr enerji
santrallerinden {iretilen enerjinin tiiketilmesi adina dnemli bir
kriterdir. Niifus yogunlugunun fazla oldugu alanlar niifusu az
alanlara gore daha fazla enerji tiikketirler. Yogun niifuslu alanlarin
yakininda bulunan riizgar enerji santrallerinden iiretilen enerjinin
transferi durumunda daha az iletim hatti kullanilarak enerji
transfer maliyeti azaltilmig olacaktir. Bu nedenle riizgar enerji
santralleri, enerji transferinin kolay olmasi ve daha ekonomik
olmasi nedeniyle niifusun yogun oldugu bolgelere kurulmalidir
(Gorsevski, vd., 2013). Calisma alan1 i¢in TUIK *ten alman 2022
niifus verileri baz alinarak, ArcGIS yazilim araglarindan “Kernel
Density” aract kullanilmis ve niifus yogunlugu haritasi
olusturulmustur. Bu yogunluk haritasinda niifusun yogun oldugu
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alanlar daha uygun alanlar olarak belirlenmis ve buna gore
agirlik degerleri girilmistir (Sekil 5).

Maliyet (B2): RES kurmak isteyen yatirimcilar kar elde
edebilmek i¢in en yiiksek ekonomik getiriyi hedeflemektedir.
RES kurulum maliyeti hem kurulum oncesi hem de kurulum
sonrast donemlerde mevcuttur. Kurulum Oncesinde arazi,
uygun yer sec¢imi, riizgar panel maliyetleri gibi maliyetler 6ne
¢ikarken, kurulum sonrasinda verimlilik, isletme ve bakim
maliyetleri 6ne c¢ikmaktadir (Haaren ve Fthenaki, 2011).
Aslinda enerji santral kurulumlarindaki bu tiir maliyetler
temelde yola ve elektrik hatlarina uzaklik, yiikseklik, egim,
arazi kullanim1 gibi bazi faktdrlere baglidir. Dolayisiyla bu tiir
kriterler baz alinarak bir maliyet hesab1 yapilabilir. Caligma
kapsaminda maliyete etki eden kriterlere (yola ve elektrik
hatlarina uzaklik, yiikseklik, egim, arazi kullanimi) ArcGIS
yazilim araglari icerisindeki “Weight Sum” araci kullanilarak
bir cakistirma (overlay) analizi uygulanmis ve maliyet i¢in
uygun alanlar tespit edilmistir (Sekil 5).

Kus Go¢ Rotalar1 (B3): Gogmen kuslarin kullandig: belirli
kus rotalar1 bulunmaktadir. Arastirmacilara gére gogmen kuslar
esas olarak tiirbin motoruyla ¢carpismalarindan dolay1 bazi kiiciik
etkileri oldugunu belirtmektedir (Aydin, vd., 2010; Baseer, vd.,
2017; Haaren ve Fthenaki, 2011). Calisma alanin kuzeyi ve
giineyinden gecen iki kus go¢ rotas: bulunmaktadir (Kiziroglu
ve Erdogan, 2015). Calisma kapsaminda belirlenen kus gog
rotalar1 baz alinarak bir tampon (Buffer) analizi uygulanmis ve
bu rotalara olan uzakliklar hesaplanmistir (Sekil 5).
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Sekil 5: RES Yeri Secimi i¢in Sosyo-Ekonomik Kriterler: Niifus
Yogunlugu (B1), Maliyet (B2) ve Kus Go¢ Rotalarina Uzaklik (B3)
Figure 5: Socio-Economic Criteria for Wind Power Plant Site Selection:
Population Density (B1), Cost (B2) and Distance to Bird Migration
Routes (B3)

Teknik ana kriterleri (riizgar hizi, kapasite faktor dagilimi ve
rizgar glic yogunlugu) c¢aligma alanindaki durumlarina ve
literatiire gore ayrintili olarak agiklanmaktadir. S6z konusu
teknik kriterler icerisinde riizgar hakim yonii gibi veriler veri
temin giicligiinden degerlendirilmeye alinmamuistir. Dolayisiyla
degerlendirilecek ¢ikt1 haritast calismada kullanilan kriterler
iizerinden hesaplanmistir.

Riizgar Hiz1 (C1): Riizgdr hizi RES’ler i¢cin en temel
kaynaklardan biridir. Ortalama riizgar hizi, riizgér ¢iftligi kurulum
sahalarmim ekonomik fizibilite ve teknik uygulanabilirliginin
belirlenmesi igin olduk¢a 6nemli bir kriterdir. Rizgar hiz1 arttikca
riizgar panellerinden {iretilen enerji miktar1 da dogru orantida
artmaktadir (Jangid, vd., 2016; Hofer, vd., 2016). Literatiire gore
uygun riizgar hiz degerleri hizi ¢ogu caligmada farklilik
gostermektedir. Ornegin, Gorsevski ve ark. (2013) uygun riizgar
hizinin 7,5 m/s, Ali ve digerleri (2019) minimum 4 m/s, Shorabeh
ve ark. (2022) biiyiik riizgar ciftlikleri i¢in 5 m/s ve kiiciik riizgar
ciftlikleri igin 4 m/s, Saraswat ve digerleri. (2021) 5-6 m/s riizgar
hizlariin uygun oldugunu belirtmistir. S6z konusu verilen bu
riizgdr hiz degerleri bir riizgdr santralinin ihtiya¢ duydugu en
diistik riizgar hizlarii géstermektedir. Calisma alanindaki riizgar
hizlar1 ortalama 3 ile 6 m/s arasinda degismektedir (Sekil 6). Bu
caligmada 100 m’deki riizgar hiz1 kullanilmig ve minimum riizgar
hiz1 4 ile 6 m/s olan alanlar uygun alanlar olarak belirlenmistir.

Kapasite Faktor Dagilimi (C2): Riizgar her zaman sabit bir
sekilde esmedigi icin riizgar kapasite faktdor degerinin
hesaplanmas1 gereklidir. Nedaei, vd., (2014) yapmis oldugu
calismaya gore RES’ler icin ortalama kapasite faktor degeri
%25-40’tir. Global Wind Atlas’tan alinan verilere gore ¢aligma
alani ve ¢evresinin kapasite faktore dagilimi %1 ile %45 arasinda
degismektedir. Calisma alaninin biiyiik bir boliimiinde kapasite
faktor dagilim degerleri diisiik seviyelerdedir. Bolgenin sadece
dogu ve kuzey dogusundaki bazi bolgelerde kapasite faktor
dagilimi yiiksektir (Sekil 6).

Riizgar Gii¢ Yogunlugu (C3): Riizgar gii¢ yogunlugu riizgar
hiz dagilimina gore belirlenmektedir. RES kurulumlarinda
onemli bir kriterdir. RES igin riizgar giic yogunlugunun
belirlenmesi gerek ekonomik yonden gerekse siirdiiriilebilir bir
sekilde enerji iiretme adina gereklidir (Ozsahin ve Kaymaz,
2013). Calisma alani riizgar gii¢ yogunlugu 200 m’de yaklagsik
% 55 — 600 arasinda degismektedir. Bolgenin biiyiik bir kismi
diisiik riizgar yogunluguna sahiptir. Calisma alaninda riizgar giig
yogunlugunun yiiksek oldugu alanlar kismen dogu ile kuzey
dogu bolgesidir. S6z konusu alanda riizgar gilic yogunlugu 200
m’de yaklasik %, 800’lere kadar ¢ikmaktadir (Sekil 6).
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Sekil 6: RES Yeri Secimi icin Teknik Kriterler: Rlizgar Hizi (C1),
Kapasite Faktor Dagihmi (C2) ve Riizgar Gl¢ Yogunlugu (C3)
Figure 6: Technical Criteria for Wind Power Plant Location Selection:
Wind Speed (C1), Capacity Factor Distribution (C2) and Wind Power
Density (C3)

Lokasyon ana kriterleri (elektrik hatlarina uzaklik, yola
uzaklik, kentsel alanlara uzaklik, fay hatlarina uzaklik ve akarsu-
gollere uzaklik) c¢aligma alanindaki durumlarina ve literatiire
gore ayrintili olarak agiklanmaktadir:

Elektrik Hatlarina Uzaklik (D1): RES’ler araciligiyla iiretilen
enerjini dagitimt i¢in mevcut elektrik hatlart olduk¢a dnemlidir.
Ayrica altyapr maliyeti, giic kaybmimn azaltilmasi ve transfer
verimliligini arttirmak i¢in RES alanlarinin elektrik hatlarina yakin
olmast gereklidir (Baseer, vd., 2017; Xu, vd., 2020; Tercan, 2021).
Bu calisma kapsaminda g¢aligma alaninin mevcut elektrik hatlart
olusturulmug ve her bir elektrik hattt icin yakinlk analiz
uygulanmustir. Yakimlik analizi 5 siif (1000, 5000, 15000, 25000,
25000m+) olacak sekilde olusturulmustur (Sekil 7).

Yola Uzakhk (D2): Riizgar santrallerinin ingaat ve bakim
maliyetlerini en aza indirmek i¢in 6nerilen riizgar santrali yeri ile yol
ag1 arasindaki mesafenin miimkiin oldugunca kisa olmasi
gerekmektedir (Tegou, vd., 2010; Baseer, vd., 2017; Shorabeh, vd.,
2022). Bu c¢alismada yol verileri hazirlanmis ve yakinlik analizi
uygulanmustir. Yakimlik analizi 5 smif (1000, 5000, 15000, 25000,
25000m+) olacak sekilde olusturulmustur. Buna gore yol aginin daha
sik oldugu alanlar uygun alanlar olarak degerlendirilmistir (Sekil 7).

Yerlesim Alanlarmma Uzakhk (D3): RES’lerden iiretilen
elektrik enerjisi sehirlerde, sanayi alanlarinda, biiyiik veya kiigiik
capli igletmeler olmak iizere cesitli alanlarda kullanilmaktadir.
Dolayisiyla RES’lerin yerlesim alanlarina yakin olmasi hem
ekonomik hem de enerji verimligi agisindan 6nemlidir. Ayrica
RES’lerin yerlesim alanlarma yakin olmasi yasanabilecek

herhangi bir sorunda sorunun giderilmesi i¢in tedarik imkani
daha kolay olmaktadir. Diger taraftan literatiirde RES’lerin
olusturdugu giirtiltii ve goriintii kirliligi de Onemli olarak
vurgulanmaktadir. Dolayisiyla RES alanlart yerlesim birimlerine
makul bir yakinlikta olmasi gereklidir (Siyal, vd., 2015; Hofer,
vd., 2016; Baseer, vd., 2017; Anwarzaia ve Nagasakab, 2017).
Calisma kapsaminda yerlegsme alanlari tespit edilmistir. RES
kurulumu i¢in yerlesilmis alanlar hari¢ tutulmustur. Yerlesim
alanina uygun yakinlik analizi (Buffer) uygulanmistir. Yakinlik
analizi 5 simf (1000, 5000, 15000, 25000, 25000m+) olacak
sekilde olusturulmustur (Sekil 7).

Fay Hatlarma Uzakhk (D4): Depremler RES’lere zarar
verebileceginden dolay1 yer se¢iminde dikkat edilmesi gereken
bir konudur. Dolayisiyla bolgeye kurulacak bir RES i¢in fay
hatlariin yerlerinin bilinmesi ve buna gore kurulmasi gereklidir.
Calisma kapsaminda MTA’dan temin edilen fay hatlar1 igin
yakinlik (Buffer) analizi uygulanmistir. Yakinlik analizi 5 simif
(1000, 5000, 15000, 25000, 25000m+) olacak sekilde
olusturulmustur (Sekil 7).

Akarsu-Gollere Uzakhk (D5): Akarsuya yakin alanlar
purtizlilik etkisinin yiiksek oldugu alanlar olmasi nedeniyle
RES kurulumu igin uygun degildir (Ozsahin ve Kaymaz, 2013).
Calisma kapsaminda akarsu ve gol alanlari belirlenmis ve

yakinlik (Buffer) analizi uygulanmistir. Yakinlik analizi 5 smif
(1000, 5000, 15000, 25000, 25000m+) olacak sekilde
olusturulmustur (Sekil 7).
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Sekil 7: RES Yeri Secimi icin Lokasyon Kriterleri: Elektrik Hatlarina
Uzaklik (D1), Yola Uzaklik (D2), Yerlesim Alanlarina Uzaklik (D3),
Fay Hatlarina Uzaklik (D4) ve Akarsu-Gole Uzaklik (D5)
Figure 7: Location Criteria for Wind Power Plant Location Selection:
Distance to Power Lines (D1), Distance to Road (D2), Distance to
Residential Areas (D3), Distance to Fault Lines (D4)
and Distance to Stream-Lake (D5)
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4. BULGULAR
4.1. BWM ile Kriter Agirhklarinin Belirlenmesi

Calisma kapsaminda her bir kriterin agirlik degerlerinin
hesaplanabilmesi i¢cin BWM yontemi kullanilmstir. lk olarak
yazarlar tarafindan belirlenen anketler uzman ekip tarafindan
doldurulmustur. Devaminda anketler LINGO 19.0 yazilimima
islenmis ve BWM ydnteminin dnermis oldugu formiile gére her
bir kriterin agirlik degeri hesaplanmistir (Tablo 3). Agirliklarin
tutarlilik oranlar1 (CR) Rezai (2015) tarafindan 6nerilen yonteme
gore yapilmigtir. Uygulanan yonteme gore tutarlilik oranlarin
“0” degerine yaklastik¢a tutarliliklar1 artmaktadir. Buna gore
hesaplanan tutarlik oranlarinda tutarsiz sonuglanan anketlerin
uzmanlar tarafindan tekrar degerlendirilmesi istenmis ve
diizenlenen anketlerde tutarlilik saglanmaistir.
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Sekil 8: Tunceli RES Kurulumu Icin Nihai Uygunluk Haritasi
Figure 8: Final Suitability Map for Tunceli WPP Installation

Tablo 3: BWM Kullanilarak Hesaplanan Global Agirliklar.
Table 3: Global Weights Calculated Using BWM.

Kod Kriter Global Agirhk Kod Kriter Global Agirhik
Al Yukselti 0.09580129 C1 Ruzgar Hizi 0.15103401
A2 Egim 0.10938737 2 Kapasite Faktor Dagilimi 0.08554323
A3 Arazi Kullanimi 0.04286227 c3 Rizgar Gu¢ Yogunlugu 0.09940695
A4 Bitki Ortiisi 0.01956718 D1 Elektrik Hatlarina Uzaklk 0.10502373
A5 Litoloji 0.04426656 D2 Yola Uzaklik 0.05134499
B1 Nifus Yogunlugu 0.02660771 D3 Yerlesim Alanlarina Uzakhk 0.04232569
B2 Maliyet 0.05692227 D4 Faylara Uzaklik 0.0391251
B3 Kus Go¢ Rotalari 0.01533375 D5 Akarsu-Gollere Uzaklk 0.01544797

4.2.RES Kurulumu i¢in Uygunluk Haritasinin Uretilmesi

Caligma kapsaminda iiretilen her bir kriter haritasi, anket
aracilifiyla tespit edilen ve BWM yontemiyle hesaplanan agirlik
degerleri bir araya getirilmis ve ArcGIS yazilim araglarindan
olan “Weight Sum” aract kullanilarak sonug haritasi iiretilmistir.

RES kurulumu i¢in hazirlanan uygunluk haritast “yiiksek

EEINNT3

derecede uygun”,

ERINNT3

cok uygun”,

ER I3

uygun”,
degil” olacak seklinde bes smifta incelenmistir. Uygunluk

az uygun” ve “uygun

haritasinda ozellikle “yiiksek seviyede uygun” alanlarin net
olarak gosterilmesi i¢in séz konusu uygu alanlar oldukga
daraltilmistir. Bu sayede c¢alisma alaninda RES kurulumu i¢in en
uygun alanlar direkt olarak gosterilmistir (Sekil 8). Analiz
sonuglarina goére uygun alanlarin toplam alana orani ¢ok diisiik
seviyelerdedir. Ozellikle “yiiksek seviyede uygun” alanlar
yaklasik 260 km?’1ik bir alan ile ¢ok azdir (Tablo 4).

Analiz sonuglarma gore RES kurulumu igin uygun alanlar
cogunlukla giiney, glineydogu ve kuzeydogu bolgeleridir. S6z konusu
alanlar kuzeyde Piiliimiir, giineyde Pertek ve Mazgirt ¢evresidir.
Tablo 4°te goriildiigi tizere “Yiiksek Seviyede Uygun”, Cok Uygun”

Tablo 4: RES Siniflari ve Mekansal Dagilim.
Table 4: WPP Classes and Spatial Distribution.

Uygunluk Siniflari Uygunluk Degerleri Alan

% km?
Yiiksek Seviyede Uygun <0.19 0.34 259
Cok Uygun 0.19-0.21 53 4.020
Uygun 0.21-0.24 324 24.554
Az Uygun 0.24-0.25 52.8 40.036
Uygun Degil 0.25> 9.02 6.834
Toplam 100 75.703

ve “Uygun” alanlar toplam alandaki oran1 %38 seviyelerinde olup
yaklasik 350 km?lik bir alana denk gelmektedir. Genel olarak
degerlendirildiginde ¢alisma alanin 3’te 1’inden fazla bir alan RES
kurulumu i¢in uygun alanlart olusturmaktadir (Tablo 4).

Tablo’5’te ilceleri gore uygun RES alanlarmin mekéansal
dagilimi gosterilmektedir. Buna goére uygun RES kurulumu i¢in
Pertek ilcesinin 6n plana ¢iktigr goriilmektedir. Devaminda ise
sirayla Mazgirt, Merkez ve Piilimiir il¢esi gelmektedir. En fazla
“Uygun Degil” ve “Az Uygun” alana sahip il¢e ise yaklasik
%75’1ik bir oranla Cemisgezek ilgesidir. S6z konusu ilge RES
kurulumu i¢in uygun degildir (Tablo 5).

24



KONURHAN, BASARAN / Cografya Dergisi — Journal of Geography, 2023, 47: 15-28

Tablo 5: ilcelere gére RES Siniflari ve Mekansal Dagilimi
Table 5: WPP Classes and Spatial Distribution by Districts

Uygunluk Siniflari-De- Merkez Ovacik Pertek Piiliimiir Hozat C.Gezek Mazgirt Nazimiye
gerleri km? % km? % km? % km? % km? % km? % km? % km? %
Yilksek Seviyede 182 015 044 003 14 167 72 05 0 0 074 008 08 012 013 001
Uygun (<0.19)

Cok Uygun (0.19-0.21) 60 5.29 44 3.19 90 10.69 66 4.67 15 2.32 31 3.65 71 10 15 2.82
Uygun (0.21-0.24) 358 31.83 273 19.55 411 48.73 347 24.3 150 22.7 355 41.71 390 55 159 29.1
Az Uygun (0.24-0.25) 568 50.43 807 57.73 332 39.14 904 63.3 391 59 428 50.28 238 34 345 63.1
Uygun Degil (0.25>) 138 12.27 272 19.48 1.6 0.19 101 7.10 105 15.8 36 4.24 0.86 0.12 26 4.85
Toplam 1127 100 1398 100 850 100 1427 100 662 100 852 100 702 100 547 100

Analiz ¢iktilarina gore fiziki cografya sartlarinin ¢ok fazla
uygun olmadigi, yiikseltinin ve engebeli alanlarin fazla oldugu
Piliimiir gevresi ve kuzeyi RES kurulumu i¢in uygun alanlar
olarak tespit edilmistir. Bolgede her ne kadar yiiksek ve engebeli
alanlar fazla olsa da riizgar hizinin, kapasite faktér dagilimmin
ve riizgar giic yogunlugunun yiiksek oldugu bir yerdir. Calisma
kapsaminda uygulanan anket sonuclarinda da en 6nemli kriter
rliizgar hiz kriteri olarak belirlenmistir. Dolayisiyla bu bolgenin
RES kurulumu i¢in uygun alanlar olarak goriilmesindeki en
biiyiik etken riizgar hiz1 ve riizgar hizinin etkiledigi kriterlerin
yiiksek agirlik degerine sahip olmasindadir. Diger taraftan bu
bolgede “yiiksek seviyede uygun” olarak tespit edilen alanlar
kismen diger alanlara gére daha az engebeli, ulasim yollarina
hakim, yerlesim yerlerine yakinlik gibi avantajlara sahiptir. Sekil
9’da Piiliimiir’in kuzeyindeki “yiiksek seviyede uygun” alan
olarak belirlenen bir alan o6rnek olarak gosterilmektedir.
Goriildiigl Gizere bu alan s6z konusu avantajlara sahiptir.

Sekil 9: Pilimur'tn Kuzeyinde RES Kurulumu igin
“Yiiksek Seviyede Uygun”Alan
Figure 9: “Highly Suitable” Area for WPP Installation in
The North of Piiltimdir.

Caligma ¢iktilarina gore Tunceli ilinde RES kurulumu igin en
uygun alanlar Pertek ve Mazgirt ilgesi cevresidir. Ozellikle
Pertek ilgesinin dogu kesimi “yiiksek seviyede uygun” olarak

siiflandirilan alan i¢inde en biiyiik paya sahiptir. Hatta diger
bolgelerdeki “yiiksek seviyede uygun” alanlar goz ardi edilirse
-ki bu alan diger bolgelerde ¢ok azdir- sadece Pertek’in dogu
kesimi RES kurulumu i¢in en uygun alandir. Calisma kapsaminda
bu alana arastirmacilar tarafindan arazi caligmasi yapilmis ve
analiz sonuglart ile gergek alanin kiyaslamasi yapilmistir.
Gergekten de arazi ¢aligmasinin yapildigt Pertek il¢esi, Beydami
RES kurulumu
degerlendirilebilir. S6z konusu alanda yiiksek gerilim elektrik

Koyl civar icin uygun alan olarak
hattin varligi, ana yola yakmligi, yerlesmenin bulunmasi,
yiikseltinin nispeten az ve egimin ideal seviyelerde olmasi gibi
etkenler RES kurulumu igin uygun sartlari olusturmaktadir

(Sekil 10).

Analiz ¢iktilarina gore RES kurulumu i¢in en uygun alan
olarak goriilen Beydami, Tozkoparan ve Yenikoy civarinda tarim
arazilerinin yanm1 sira birgok bos alan mevcuttur. RES
kurulumlarinda uygun bos alanlar olduk¢a énemlidir. Ozellikle
etrafina gore kismen yiiksek ve az egimli, diiz alanlar RES yer
se¢imi i¢in ideal alanlari olusturmaktadir. Calisma kapsaminda

yapilan arazi ¢alisma gozlemlerinde Beydami Koyii ¢evresinde

Sekil 10: Pertek ilcesine Yapilan Arazi Calismasindan Gériinim
Figure 10: View from The Field Study in Pertek District
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nispeten yiiksek, az egimli ve kismen mesa goriiniimli
yiikseklikler dikkat c¢ekmistir (Sekil 11). Bu alanlar RES
kurulumlari i¢in degerlendirilerek kdyiin enerji tilketimine katk1
yapmasi saglanabilir. Ayrica bolgede hakim gecim kaynagi olan
hayvancilik icin siit isleme merkezleri gibi hayvansal iiretimi
destekler isletmelerin kurulmasi halinde bu isletmelerin enerji
ihtiyaclariin bir kismi1 RES’ler araciligiyla saglanabilir.

Sekil 11: Beydami Koy ve Cevresinde RES Yapilabilecek Alanlar
Figure 11: Areas Where WPP Can Be Made in and
Around Beydami Village

Calisma sonuglarina gore yiikseltisi fazla olan, ¢ok egimli, cok
yogun ormanliklar, ana yollara ve elektrik hatlarma uzak olan
yerler “az uygun” ve “uygun olmayan” alanlara denk gelmektedir.
Bu alanlar ¢ogunlukla Munzur ve Mercan siradaglari gevresi,
Munzur ve Piiliimiir vadisi ¢evresi, Hozat ve Cemisgezek’in
kuzeyinde yer alan yiiksek alanlardir. S6z konusu alanlar
yerlesmenin de ¢ok kisitlt oldugu, zorlu fiziki ve iklim sartlarin
yasandig1 alanlardir. Dolayisiyla bu alanlar sadece RES kurulumu
icin degil, cesitli beseri faaliyetler icinde uygun degillerdir.

5. SONUC

Diinyada her gecen yil artan enerji talebi, iilkeleri bu talebi
fosil yakitlara ek yenilebilir kaynaklardan karsilamaya
itmektedir. Siirdiriilebilirlik ve ¢evresel etki faktorleri baz
alindiginda yenilenebilir enerji kaynaklar1 son derece dnemlidir.
Riizgar enerjisi de hem diinyada hem de {ilkemizde kapasitesi
son derece artan yenilenebilir enerji kaynaklarindandir.

Bu c¢alismada BWM-CBS entegre bir sekilde kullanilarak
Tunceli icin en uygun RES alani belirlenmistir. Bu kapsamda
literatiire ve caligma alani Ozelliklerine goére toplam 16 kriter

belirlenmis ve bu kriterler uzmanlar tarafindan degerlendirilerek
calisgmada kullanilmistir. Calismada yontem olarak Best-Worst
metodu kullanilmisti. BWM ikili karsilastirmaya dayanan bir
CCKYV yontemidir. BWM ciktilart CBS’ye aktarilmig olup ArcGIS
araclarindan “Weight Sum” araci kullanilarak cakistirma analizi
uygulanmis ve RES kurulumu i¢in uygun alanlar belirlenmistir.

Tunceli i¢in ¢aligma kapsaminda 6nerilen uygun RES alanlari
toplam alanin yaklasik %38’ine denk gelmektedir. Bu alanlar
kismen Piliimiir’iin kuzey ¢evresi ile Pertek ve Mazgirt
cevresidir. Ozellikle Tunceli’nin giineyinde yer alan Pertek ve
Mazgirt ¢evresi RES kurulumu igin gerek oran gerekse alan
bakimimda onde gelmektedir. Bu alanlarda gerek yiikseltinin
kismen az olmasi, riizgar ile ilgili faktorlerin etkinligi ile
lokasyon agisindan da ulasilabilir olmast RES kurulumdan 6n
plana ¢ikmasinda etkili olmustur.

Calisma ciktilarina gore “az uygun” ve “uygun degil” alanlar
ise yaklasik %62 seviyelerindedir. Bunun temel sebebi Tunceli
ilindeki riizgar hiz1 ve bdlgenin zorlu fiziki cografya sartlaridir.
Ozellikle galigma alanin kuzey bélgesinde yer alan Munzur ve
Mercan daglarinda yiikseklik 3000 m’leri bulmakta olup ¢ok
yiksek egim degerlerine sahiptir. Ayn1 sekilde calisma alanin
¢ogu bolgesinde yiikselti ve egim degerleri oldukca fazladir. Ek
olarak ¢alisma alaninin belirli boélgeleri hari¢ (Piilimiir’iin
kismen kuzeyi ile Pertek ve Mazgirt ¢evresi) genellikle riizgar
hizlar1 distiktiir. Dolayisiyla bu sartlarinda etkisiyle RES
kurulumunda uygun alanlar sinirli bir alana denk gelmistir.

Calisma ¢iktilarina gére RES kurulumu i¢in en uygun bazi
alanlara arazi caligmasi yapilmistir. Arazi c¢alismasi analiz
sonuglart ile gercek alanin kargilagtirilmast adina oldukca
onemlidir. S6z konusu arazi calismasinda Beydami Koyii ve
¢evresinde RES kurulumu i¢in uygun olabilecek alanlar
fotograflanmis ve eklenmistir. Nitekim bu bdlge gerek ytikselti,
egim ve riizgdr hizi ile ilgili parametreleri dogrultusunda
uygunlugu gerekse ana yola, elektrik hatlarina ve bir yerlesim
alanina yakinlig1 ile uygun olmas: RES kurulumu icin uygun
alan olarak 6n plan ¢ikmuistir.

Bu calismada BWM-CBS’yi entegre ederek kullanmasina
ragmen belirli sinirliliklart vardir. Caligma kapsaminda sadece 4
ana kriter igerisinde toplam 16 kriter kullanilmistir. Caligmadaki
¢ikt1 bu kriterler dogrultusundadir. Ayrica riizgar tiirbin tipi ve
sekli gibi teknik detaylar dikkate alinmamis olup genel olarak
degerlendirilmigtir. Bu da calismanin diger bir smirliligidir.
Gelecek calismalarda kriter sayisi ve tiirbin tipi ayrintili olarak el
alinirsa daha kesin sonuglara ulasilabilir.
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ABSTRACT

India is home to many physiographic divisions, climatic regions, diverse cultures, and ethnicities. The greater Himalayan and trans-Himalayan regions are
home to many tribal communities. However, climatic variability brings new challenges to the tribal households in mountainous regions, particularly in
India’s greater Himalayan and trans-Himalayan regions. This study aims to create a Tribal Household Livelihood Vulnerability Index (THLVI) that takes into
account factors such as exposure, sensitivity, and adaptive capacity. The research focuses on three subdivisions in the Lahaul and Spiti district, namely:
Lahaul, Udaipur and Spiti, which are part of the western Himalayas cold deserts. The data for the THLVI was collected from 300 randomly selected households
in 62 villages through a survey of indigenous people. The results of the study reveal that the vulnerability of tribal households varies across different socio-
economic and ecological conditions due to differences in adaptability, sensitivity, and exposure to climate change. In the Lahaul and Udaipur subdivisions,
the vulnerabilities of social networks, water, and health were found to be 0.390, 0.262, 0.545, and 0.525, 0.514, 0.512, respectively. The THLVI based on IPCC
values ranges from -1 (least vulnerable) to +1 (most vulnerable). For further research, the THLVI index can be used as a tool to assess the livelihood
vulnerability of tribal communities living in Himalayan regions, furthermore the sustainable livelihood policies can be formulated in order to strengthen the
livelihood security.
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1. INTRODUCTION

The fifth assessment report of the Intergovernmental Panel
on Climate Change (IPCC) was released, which concluded that
the Himalayas were a highly vulnerable mountain in the world
(IPCC, 2014). The western Himalayas are more vulnerable to
climate change when compared to the eastern Himalayas
(ICIMOD, 2011). Its effects disproportionately impact the
young, poor, elderly, sick and marginalized populations.

The mountain inhabitants live under constant threat and risk
posed by climate change, which is becoming more severe every
passing year. This risk is attributed to specific socio-economic
features and mountain characteristics like marginality, limited
accessibility, remoteness, fragility and dependency on primary
resources. Although mountainous regions are abundant in several
kinds of resources, it is a fact that mountain inhabitants are
among the most vulnerable and poorest in the world. The over-
exploitation of natural resources by the government and other
agencies as well as its remoteness, make these mountain tribal
communities vulnerable. (Pandey et al., 2017). The risk and
vulnerability to the inhabitant communities multiplied with
socio-ecological changes in the region, and have escalated over
time. This resulted in frequent occurrences of extreme events
like, scorching heat, landslides, cloudbursts, and flash floods.
Furthermore, there has been a resultant upsurge in temperature
and erratic precipitation throughout the mountain region in the
past few decades.

The communities that rely heavily on natural resources are
greatly impacted by the effects of climate change, which led to
severe and lasting consequences on their livelihood and well-
being (Kofinas and Chapin III, 2009). Therefore, it is projected
that the vulnerability of rural tribal households are perceptibly
heightened due to climate change. It further triggered irreversible
risks to the human ecosystem, leading to an increased number of
people in penury and causing more serious damage to the ecology
of the area (Li et al., 2014; Lioubimtseva, 2015). In order to
develop strategies for adaptation, knowledge of climate-related
hazards that could occur in the mountainous region with existing
populations and the assets available is important. It could even
provide the rationale needed for proper implementation of such
strategies. (Oppenheimer et al., 2014; Zhang et al., 2014). There
are various methods used to estimate climate change to minimize
vulnerability (Pandey et al., 2016; UNDP, 2014; Vignieri, 2015),
which has been emphasized in studies on the vulnerability and
resilience of socio-economic systems in different geographical
regions (Kates et al., 2001).

This vulnerability was defined by various authors in several
ways (Fiissel, 2006). For this study, the definition of vulnerability
given by IPCC (2007) was adopted, i.e., “Vulnerability is a
degree that their system has not able to cope up with severe
impacts of climate change” (IPCC, 2007). Three components are
effectively conceptualized in this definition: adaptive capacity,
sensitivity, and exposure (Adger, 2006). However, it cannot be
reduced to a single quantifiable measure (Alwang et al., 2001).

In this research, the Tribal Household Livelihood
Vulnerability Index (THLVI) was modified and applied to rural
household’s calculations, by using important characteristics such
as topographical location, household income, educational status,
livelihood, diversification, and extent of agricultural and as well
as non-agricultural land in an environmentally vulnerable area of
Lahaul and Spiti.. The THLVI has three overarching dimensions;
exposure, sensitivity, and adaptive capacity, and it is made of
eight major components and forty-six sub-components. The
outcomes of THLVI are indicative of vulnerability that tribal
communities could face. The proposed tribal index based on a
bottom-up approach could explain the differences that primarily
exist in tribal household livelihood susceptibilities. The findings
of this research paper could be important for policy making and
directing government efforts towards the necessary action for
poverty eradication, combating climate change, and sustainable
development in the Lahaul and Spiti district of the trans-
Himalayan region. Several academic studies were conducted to
better comprehend the relationship between climate change and
mountain susceptibility (ICIMOD, 2011).

This study could contribute knowledge through creating an
index that assessed the vulnerability posed by climatic variability
upon the tribal communities in Himachal Himalaya. The broader
objectives of this study were to understand and map determinants
of the wvulnerability of tribal communities; to assess the
vulnerability; and discuss the sustainable adaptation practices
and measures in Lahaul and Spiti. This study did not pose a
hypothesis but rather sought answers to certain questions to
achieve the objectives.

1.1. Climate change vulnerability assessment

To study climate change and scientifically assess its impact,
a variety of methods and approaches have been developed. The
evaluation of indicators of climate-induced vulnerability
examines crucial connections that exist between people and their
physical and social environments to develop a better
understanding of the climate, its variability and impact. Other
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geographical data analysis on poverty, health status, and
globalisation are used to target food aid, including the World
Food Program’s Vulnerability Analysis (World Food Programme,
2007; Chen et al., 2006; O’Brien et al., 2004; and Holt, 2007). In
this study an attempt was made to quantify visible multi-
dimensional matters appropriately using the relevant indicators
and sub-indicators. These are frequently put together to create a
composite index, which enables the integration of many
variables. For example, the Human Development Index uses
factors such as life expectancy, health, education, and living
standards as indicators to offer a comprehensive portrait of
national well-being (UNDP, 2007). The Water Poverty Index
uses parameters like water provision and water utilization for
assessing the deviation from a predetermined standard. This is
done by using a ‘gap method’ by Sullivan (2002, p. 1204). The
Human Development Index is an example of a composite indices
used to determine the weighted averages for individual metrics.
For choosing the weighting methods, Vincent (2004, 2007) and
Sullivan et al. (2002) recommended consulting with experts and
holding stakeholder discussions.

To address this issue, approaches were developed and
contributed (Polsky et al., 2007). It is crucial to remember that a
variety of fields heavily rely on the IPCC’s assessed vulnerability.
The IPCC definition is dependent on the exposure, sensitivity,
and capacity for adaptation (IPCC, 2001). Exposure to climate-
related occurrences, such as a flood or increase in snowfall is
necessary to gauge size and duration. Sensitivity measures how
much exposure alters the system. Additionally, ‘“adaptive
capacity” is the ability to bounce back after exposure (Ebi et al.,
2006).

Fussel and Klein (2006) systematically defined first and
second-generation vulnerability assessments for the sake of
convenience. First-generation vulnerability valuations were
based on the assessment of climatic impact relative to baseline or
threshold conditions, whereas second-generation assessments
were the ones that incorporated adaptive capacity measures.
There are a multitude of interpretations on second-generation
studies and how to apply the parameters of exposure, sensitivity,
and adaptive capacity to quantify as well as reduce the risk of
vulnerability (O’Brienet al., 2004; Vincent, 2004; Thornton et
al., 2006; Polsky et al., 2007).

Several recent studies in South and Southeast Asia used the
Socio-economic Vulnerability Index to quantify vulnerability
posed by climatic variability-induced incidents/extreme events
(Sam et al., 2017), the Livelihood Vulnerability Index (Alam et

al., 2017; Bhattacharjee & Behera, 2018), the socio-ecological
vulnerability index (Pandey & Bardsley, 2015) as well as the
modified Livelihood Vulnerability Index (Madhuri et al., 2014).
Many of the studies focused on vulnerability related to extreme
natural hazards (Devi et al., 2016; Alam et al., 2017; Sam et al.,
2017; Bhattacharjee & Behera, 2018). Robust social networks
and a supportive institutional framework were highlighted as the
major techniques for decreasing vulnerability (Sam et al., 2017)
as well as economic diversification, including migration
(Bhattacharjee & Behera, 2018) in the Himalayas and South
Asia.

1.2. The Tribal Household Livelihood Vulnerability
Index

Aryal et al. (2014), noted that the vulnerability to climate
change varied from one place to another depending on the
community’s location, socio-cultural setup, and economic
practices. Indigenous communities that relied on natural
resources for their livelihood were more prone to climate change-
induced vulnerabilities. Indigenous communities that relied on
climate change had a negative impact on those who depended on
natural resources for their livelihood. When determining a
household’s development requirements, the sustainable
livelihoods approach considers all natural, social, physical,
financial, and human capital assets (Chambers and Conway,
1992). This approach is effective in helping households cope
with shocks such as natural disasters. However, climate change
adds an additional layer of complexity to the issue of household
livelihood security. While the sustainable livelihoods approach
considers some aspects of climate change vulnerability, such as
sensitivity and exposure and thereforea new approach is needed
to more fully evaluate the risks to livelihoods posed by climate
change and account for micro level household adaptation
strategies.

To assess the impact of climate change-induced vulnerability
on populations in the district of Lahaul and Spiti, Himachal
Pradesh, this study used the Tribal Household Livelihood
Vulnerability Index (THLVI). The Tribal Household Livelihood
Vulnerability Index combines existing indicators with new
indicators to comprehensively measure households’ exposure to
natural hazards and climate variability, the socio-economic
characteristics that affect adaptive capacity in terms of food,
water, migration, and health resources, and sensitivity to the
impact of climate change. The THLVI combines components of
previous methods as well as other components to measure a
household’s exposure to natural hazards and climate variability.
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It uses socio-economic characteristics that affect adaptive
capacity in terms of food, water, migration, and health resources,
and sensitivity to the impact of climate change. The THLVI can
be used as a composite index made up of eight components, or it
can be aggregated into three contributing factors of exposure,
sensitivity, and adaptation capability that the Intergovernmental
Panel on Climate Change (IPCC) identified as vulnerability
index(Table 1).

An advantage of this approach is that it uses primary as well
as secondary data to construct the index. This helps to avoid gaps
in the data and reduces a reliance on climate models that may not
provide accurate projections relevant to community development
scheduling (Sullivan, 2006; Patz et al., 2005).

The THLVI is made to be adaptable so that development
organizations, policymakers, and public health professionals can
use it to examine the demographic, socioeconomic, water, and
health elements that affect climate vulnerability at meso and
micro level that is community level. Sectoral vulnerability
ratings can be separated to identify possible areas for intervention,
and it can be honed and concentrated to meet the requirements of
different geographic regions.

2. METHODS

2.1. Study Area

Lahaul and Spiti is a district located in the state of Himachal
Pradesh. Physiographically, it is considered a cold desert situated
in the western part of the Indian Himalaya.. It is the biggest
district in Himachal Pradesh, covering an area of 13,835 square
kilometers. It is situated between the latitudes of 31°44’ 57" N to
32° 59" 57" N and the longitudes of 76° 29" 46" E to 78° 41’ 34"
E (Fig.1), and surrounded by snow-capped mountains. Lahaul
and Spiti is the least populated district as compared to other
districts of the state as well as India. It shares an international
boundary with Tibet (China). Due to its isolation, it is difficult to
obtain a clear and coherent history of the Lahaul and Spiti
district.

The area has long been home to people who endured and
withstood the harshness of nature and the difficult living
conditions in these isolated, mountainous regions. Located near
the border with Tibet and bordering the districts of Ladakh,
Chamba, Kangra, Kullu, and Kinnaur, the Lahaul and Spiti
valleys have some differences in their physical and cultural
characteristics. The Spiti valley is wider but more rugged and

barren, while the Lahaul valley is narrower but has green patches
of forests. The altitude in the Spiti valley ranges from around
10,000 feet at the entrance to about 16,000 feet near Kunzum La,
while the elevation in the Lahaul valley ranges from about 6,500
feet at Arat nallah to about 14,000 feet near the source of Chandra
Bhaga River.

High Rocky Mountains covered in snow and glaciers rise to
6,600 meters above mean sea level in both valleys. The Chandra
and Bhaga River valleys up to the confluence near Tandi, as well
as the major Chandra Bhaga valley as far as Thirot Nallah, are all
part of the Lahaul region. The valleys of the main Spiti River and
its tributary, the Pin River, make up the Spiti region. The
population of Lahaul and Spiti was 33,244 in 2001 but in 2011 it
declined to 31,564 which made a negative population growth
rate of -5.1%.

2.2. Calculating the THLVI: A Composite Index

The Tribal Household Livelihood WVulnerability Index
(THLVI) is divided into eight components: socio-demographic
profile, livelihood approaches, social system, health, food,
migration, water, climate variability and natural disasters (Table
1). Each component is made up of several sub-components,
which were identified through a review of literature on each
major component.

To calculate the THLVI, a balanced weighted average is used
(Sullivan et al., 2002). In this approach, each sub-component
makes an equal contribution to the overall index, regardless of
the number of sub-components in the major components. To
ensure that all sub-components are compared, they are converted
into an index which is used to calculate the life expectancy index
derived from that employed in the Human Development Index.
This index is calculated as the ratio of the difference between the
existent life expectancy and a pre-selected minimum life
expectancy, and the range between the pre-selected maximum
and pre-selected minimum life expectancy (UNDP, 2007). To
standardize the sub-components for comparision they are
transformed into an index using the formula:

Index ri = (Sr - Smn) / (Smx - Smn) )

Where Sr is the raw sub-component for region r, Smn is the
minimum value for the sub-component calculated using data
from all three regions, and Smx is the maximum value for the
sub-component. For example, if the sub-component average
time to travel to the primary water source location ranges from 1
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Figure 1: Location map of Lahaul and Spiti district.

to 80 minutes in each region, the minimum and maximum values
of 1 and 80 and say 40 minutes to collect water, then 40 is the
raw value of sub-component.

Some sub-components were computed by taking the inverse of
their original values, examples include the mean index for
agricultural livelihood diversity, as a rise in the crude indicator
was assumed to decrease vulnerability. For example, a household
that engaged in both farming and animal husbandry could be
considered less vulnerable than a household that only farms. The
maximum and minimum values were also transformed using this
logic, and the standardized index was calculated using Equation 1.

To compute the value of each major component, the sub-
components were averaged using Equation 2 after they had been
standardized:

@)

, .1
Mr = Y indexri -

Where Mr is the value of the main component, indexri

[73%1)

1

comprised of sub-components indexed by “i”, and “n” represents
the total number of sub-components within the major component.

The main components are Food (F), Water (W), Migration (M),

Socio-Demographic Profile (SDP), Livelihood Approaches
(LA), Social System (SS), Health (H), and Climate Variability
and Natural Disasters (CVND).

To obtain the sub-district level THLVI, the values for each of
the eight main components for each region were averaged using
Equation 3:

Yie, WmiMri

n -
i=1 Wmi

THLVIr = 3)

Where THLVIb is the Tribal Household Livelihood
Vulnerability Index for Region r, Wmi is the weight of each main
component based on the number of sub-components it contained,
and Mri is the value of each main component. The weights are
included to ensure that all sub-components contributed equally
to the total THLVI score (Sullivan et al., 2002). The THLVI was
scaled from 0 (least vulnerable) to 1 (most vulnerable).

2.3. Calculating the THLVI-IPCC: IPCC framework
approach

The THLVI-IPCC is an alternative technique for calculating the
THLVI that incorporates the IPCC’s definition of vulnerability. It
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Table 1: Major components and their sub-components of Tribal Household Livelihood Vulnerability Index (THLVI) .

Major Components

Sub-components

Explanation of Sub components

Survey Question

Source

Socio-demographic
profile (AC)

Dependency ratio

Female-headed Households

Households in which the
head of the household
has not completed all the
metrics.

Percentage of orphaned
households

Household with a combi-
ned family.

Household having nuclear
family

The proportion of the population under
15 and over 65 years old to the population
19 to 64 years old.

The percentage of families with a female
as the principal adult. If a male head of
family is absent for more than six months
each year, the female is considered the
household’s leader.

The percentage of families where the
head of the family did not finish the tenth
grade.

The percentage of families with at least
one orphan living with them. Children
under the age of 18 who lost one or both
parents are known as orphans.

In each house, there is just one family

More than one family live in a house

Could you kindly make a list of
everyone that eats and sleeps

in this residence, including their
ages and genders? Please add any
visitors who ate and slept in your
home for the last three days.

Are you the family’s head of hou-
sehold?

Would you ever go to school?

Are there any children under the
age of 18 from other families who
live with you because one or both
of their parents have passed away?

Are you a member of a joint family?

Do you live in nuclear family?

Hahn et al., (2009).
Measure DHS: Model
Questionnaire with
Commentary

Hahn et. al. (2009)

Hahn et. al. (2009)

Hahn et. al. (2009)

Derived from Hahn et. al.
(2009)
Derived from Hahn et. al.
(2009)

Livelihood Options (AC)

Percent of families with a
family member who works
in a separate community

Percentage of families
whose primary source of
income is agriculture

Percent of irrigated land

The average measure of
agricultural livelihood
diversification

Percent of un-irrigated land

As a source of income,
Percent of households

relied on sources other than

agriculture.

Percent of households
reliant on both agriculture
and other sources

Per family average land
availability (Bigha)
Average number of lives-
tock

Percentage of families with at least
one family member who works as their
major source of income outside of the
community.

Only agriculture is reported as a source
of income by a certain percentage of
families.

Percent of households having fully irriga-
ted land.

The inverse number of agricultural
livelihood activities +1 recorded by a
household

Percent of households having non-irriga-
ted land.

The percentage of families that report
having a source of income other than
agriculture.

Percentage of families that say they
earn money from both agriculture and
non-agricultural sources.

Average landholdings of households.

Average number of livestock in your
households.

How many members of your family
commute to work in a different
community?

Do you or a member of your family
keep pets? Do you or someone
else in your family go to the forest,
rivers, etc. to collect something to
sell?

Have your agricultural land all
irrigated or not?

Do you or anybody else in your
family keep animals? Do you or
someone else in your family go
out into the wilderness, the forest,
rivers, etc. to collect items to sell?
Have your agricultural land all
irrigated or not?

Do you have income from other
than agriculture?

Do you have from both source
agriculture as well as other than
agriculture?

How many bighas land in your
home?

How many animals are in your
home?

Taken with from the Wor-
Id Bank (1997). Question-
naire: Uttar Pradesh and
Bihar living conditions
survey.

Taken from World Bank
(1997).

Derived from Zhang Qin
(2018).
Taken from DHS (2006)

Derived from Zhang Qin
(2018).

Derived from World Bank
(1997).

Derived from World Bank
(1997).

Derived from Zhang Qin
(2018).
Derived from Hahn et. al.
(2009).
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Table 1: Continue.

Major Components

Sub-components

Explanation of Sub components

Survey Question

Source

Health (S)

Average travel timeto a
medical institution (mi-
nutes)

Percent of the total of ho-
mes with a family member
suffering from a chronic
disease

Percent of families
depended on traditional
medicines

Percent of families depen-
ded on English medicine
Percent of families de-
pended on both type of
medicines

Percent of households ha-
ving toilet within premises
Per-capita availability of
beds in hospital (per 1000)
Per-capita availability of do-
ctors in hospital (per 1000)

Time it takes for a household to go to the
nearest health institution on average.

Respondent specified the proportion of
households that have at least one family
member with a chronic disease

Percent of families that solely depend on
traditional medicines of that region.

Percent of families that solely depend on
English medicines of that region.

Percent of families that solely depend on
both English and traditional medicines of
that region.

Percent of households having toilet within
or outside premises.

Availability of beds in local hospital.

Availability of doctors in your local
hospital.

What is the average time it takes
you to travel to a medical facility?

Is there anyone in your family who
suffers from a chronic illness?

When you are ill, then do you go to
traditional doctors?

When you are ill, then do you go to
English doctors?

When you are ill, then do you go
to both English and traditional
doctors from time to time?

Do you go toilet outside?

How many beds in your nearest
hospital?

How many doctors in your nearest
hospital?

Hahn et. al. (2009).

Hahn et. al. (2009).

Derived from Pandey et.
al. (2018).

Derived from Pandey et.
al. (2018).
Derived from Pandey et.
al. (2018).

Developed by authors for
this study.
WHO (2017)

WHO (2017)

Migration (AC)

Average quantity of mig-
rants in families

Percent of migrants due to
employment

Percent of families getting
remittances

A typical number of persons from
households leave their territory and go

to another location in search of a better
living.

Percent of households that migrate due to
employment.

Percent of household getting remittances
from their migrated people.

How many people from your family
leave home for employment or
education, etc.

How many people are migrating
due to employment?

How many migrated persons send
remittances to their families?

Derived from (Maharjan
etal., 2020)

Derived from (Maharjan
etal., 2020)
Derived from (Maharjan
etal., 2020)

Water (S)

Percentage of homes that
get their water from a
natural source

Time to reach to water sour-
ce on average (minutes)

Percentage of households
without a reliable water
supply

The inverse of the average
amount of water held each
home.

The percentage of homes have a natural
water supply.

The average amount of time it takes for a
household to get to their principal water
supply.

Percent of households reporting that
water is not accessible from their major
water source daily

(The average number of litres of water
stored by each home + 1) is the inverse
of (the average number of litres of water
stored by each family + 1).

What source do you use to get your
water?

How much time takes you to get to
your water source?

Is this water available daily?

What kind of containers do you
use to keep water? How many are
there? How many litres do they
contain?

Taken from DHS (2006)

Taken from DHS (2006)

Taken from World bank
(1997)

Derived from Hahn et. al.
(2009).

Social Systems (AC)

Percent of people who
neither received or nor
aided others

Percent of household
visiting their relatives to
attend social functions (last
12 months)

For last 12 months, what
percentage of households
went to their local govern-
ment for help

Percent of households, who helped relati-
ves in the form of income.

Percent of households, how many hou-
seholds go to each other family home.

The percentage of families that said they
had not sought their local government for
help in the previous 12 months.

Does your family get money from
sibling’s home and vice versa?

Does your family go to siblings’
home and vice versa?

| Have you or a member of your
family sought help from your
community leader in the last 12
months?

Derived from Hahn et. al.
(2009).

Derived from Hahn et. al.
(2009).

Taken from WHO (2003).

Food (S)

Percent of families whose
only source of food is a
family farm

The average number of
months a household wor-
ked for food

Percentage of households who receive
most of their food from their own farms.

The average number of months that fami-
lies struggle to feed their families.

Where does the majority of your
family’s food come from?

Is there enough food for your
family throughout the year, or

are there periods during the year
when there is not enough? How
many months of the year does your
family struggle to eat enough?

Hahn et. al. (2009).

Taken from World Bank
(1997).
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Table 1: Continue.

Major Components Sub-components Explanation of Sub components Survey Question Source
Food (S) Crop diversity index on The inverse of (a household’s number of ~ What kinds of crops does your Taken from World Bank
average crops multiplied by 1). family raise? (1997)

Crops that are not saved

by a certain percentage of
households

Households that do not
store seeds as a percentage
Percent of households
eating just vegetables
Percentage of households
that eat both vegetables
and non-vegetables

Percentage of households who do not
store crops.

Percentage of homes without seeds from
one year to the next.

Percentage of households that taking
only veg in food habit.

Percentage of households that taking
both veg and non-veg in food habit.

Do you and your family store part
of the crops you harvest to consu-
me later?

Do you and your family preserve
seed for the next year?

Are you vegetarian?

What is your food habit?

Derived from Hahn et. al.
(2009).

Derived from Hahn et. al.
(2009).

Developed by authors for
this study.

Developed by authors for
this study.

Climate variability and
natural disasters (E)

Injuries or deaths among
household members
because of recent natural
catastrophes

Percent of households that

did not get a warning about
impending natural disasters

or calamities

Animals in families that
have been injured or killed
because of recent natural
catastrophes

Monthly average of average

snowfall mean standard
deviation (years 2009 to
2020)

Average monthly standard
deviation of average suns-
hine (years 2009 to 2020)
Monthly average rainfall
mean standard deviation
(years 2009 to 2020)

Percentage of households reporting
animal harm or death because of the
disaster.

In the previous six years, the percentage
of homes that did not get a warning of
the most severe landslide, cloudburst,
flood, and snowstorm.

Percentage of households reporting
animal harm or death because of the
disaster.

For each region, the standard deviation
of the average daily month snowfall from
2009 to 2020 was averaged.

For each region, the standard deviation
of the average daily month sunlight from
2009 to 2020 was averaged.

For each region, the standard deviation
of the average daily month precipitation
from 2009 to 2020was averaged.

Was any animal killed or wounded
because of the disaster?

Did you receive advance notice of
the landslide, cloudburst, flood, or
snowfall?

Was any animal killed or wounded
because of the disaster?

Data from the regional centre from
2009 to 2020; weather station data
from the provinces

Data from the regional from 2009
to 2020; weather station data from
the provinces

Data from the regional centre from
2009 to 2020; weather station data
from the provinces

Hahn et. al. (2009).

Hahn et. al. (2009).

Derived from Hahn et. al.
(2009).

Indian Meteorological
Department.

Indian Meteorological
Department.

Indian Meteorological
Department.

AC- Adaptive Capacity; S- Sensitivity; E- Exposure

consists of eight major components: exposure, climate variability,
demographic profile, livelihood strategies, social networks, adaptive
capacity, sensitivity, and present level of health and security of food
and water. These components are used to determine the vulnerability
of tribal communities. The frequency of recent natural catastrophes
serves as a proxy for exposure, whereas the average standard
deviation of temperatures and precipitation over the same time
serves as a proxy for climatic variability. The demographic profile,
livelihood strategies, and social networks of a district are used to
determine adaptive capacity, while sensitivity is measured by the
assessment of food, water and health. The THLVI-IPCC is calculated
using subcomponents of these major components, as well as
equations 1-3. The major components of the THLVI-IPCC are
combined using a categorization scheme, rather than being merged
into the THLVI in a single step.

Y, WmiMri
===
j=g Wmi

CFr “4)

The IPCC defines three contributing factors for a region:
exposure, sensitivity, and adaptive capacity. These factors are
represented as CFr for region r. The major components of region
d are represented by Mri, with the weight of each component
being represented by Wmi. The number of major components in
each contributing factor is represented by n. The three
contributive factors are calculated by using the following
equation:

THLVI — IPCCr = e, —a, X S, (5)

The THLVI for region r, expressed using the IPCC
vulnerability framework, is represented by THLVI-IPCCr. The
calculated exposure score for region r is represented by e, which
is equivalent to the Climate Variability or Natural Disaster major
component. The calculated adaptive capacity score for region r is
represented by a, which is the average of the four main
components: sociodemographic, livelihood, migration, and
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social network variables. The sensitivity estimates score for
region r is represented by S, which is the weighted average of the
Health, Food, and Water major components. The THLVI-IPCC
is scaled from -1 (least vulnerable) to +1 (most vulnerable).

2.4. Household Survey

Primary data was collected through fieldwork. The Random
sampling method was used for data collection and proportionately
villages were selected from three regions Lahaul, Udaipur and
Spiti respectively. Thus, a total of 300 households (131 from
Lahaul, 95 from Udaipur, and 74 from Spiti) were surveyed in
these three regions and from that out of 62 villages surveyed 31
villages from Lahaul, 19 villages from Udaipur and 12 villages
from Spiti were done. The households surveyed were chosen
based on various factors, including the size of the village, the
type of settlement (e.g., socio-ethnic), the primary means of
livelihood, and the level of accessibility and transportation. To
ensure the reliability of the collected data, a local guide was
recruited as a language interpreter during the survey. The senior-
most member of each selected household was interviewed, with
each interview lasting at least 30 minutes. The indicators of
various components and sub-components used in this research
were selected from a variety of sources, including peer-reviewed
literature, input from farmers, and the experiences of
professionals working in the area and residents. These indicators
encompassed both biophysical and socio-ecological-economic
parameters that reflected the current social and environmental
conditions in the region.

3. RESULTS

The purposive random sampling was adopted for the data
collection as the preference was given to the households headed
by an elderly person, especially women. Results of the calculated
sub-components values in Table 2, THLVI (Table 3) and THLVI-
IPCC (Table 4) are discussed below.

3.1. THLVI: Lahaul, Spiti and Udaipur

Table 2 shows the values for each sub-component of the
THLVI of each three regions, as well as the minimum and
maximum values for all three regions. The major components
and the overall THLVI for all three regions are in Table 3.

The dependency ratio values were higher in Lahaul (0.094)
as compared to Spiti (0.086) and Udaipur (0.088). However,
overall, Spiti had a higher vulnerability in the Socio-Demographic

Profile index than Lahaul and Udaipur (SDP Lahaul 0.354; SDP
Udaipur 0.271; SDP Spiti 0.412). Female respondents frequently
identified their spouse as the head of the house. Then, the female
respondent was considered the head of the family. The average
percentage of female heads of household in Lahaul was 59.4%,
18.0% in Udaipur, and 34.6% in Spiti. Over 9% of households in
Spiti reported raising an orphan, with 2% reporting raising more
than one.

In Lahaul, the proportions were 5.97% and 2.08% in Udaipur.
Spiti also had a higher vulnerability in the Livelihood options
component (0.388) compared to Lahaul (0.367) and Udaipur
(0.35). Additionally, Lahaul houscholds on average reported
employing more people than Spiti and Udaipur households and
compromisingly the livelihood diversification indices have
Lahaul 0.367, Udaipur 0.35, and Spiti 0.388 (Table 3).

Lahaul had a higher vulnerability in the Livelihood Strategies
as compared to Spiti and Udaipur. More households in Udaipur
and Spiti reported having family members who worked outside
the community. When the three sub-components were combined,
Lahaul had a higher total Livelihood Strategies vulnerability
score than Udaipur and Spiti.

The Social Networks indicators varied between regions.
Overall, households in Spiti had a higher vulnerability on the
Social Networks component (0.564) compared to Lahaul (0.390)
and Udaipur (0.525) (Fig. 2).

Lahaul households were reported to be more vulnerable to
chronic diseases than households in Spiti and Udaipur (chronic
disease: Lahaul 0.403, Spiti 0.382, Udaipur 0.270). The total
score for the sub-components of the health vulnerability for
Lahaul (0.578) was higher than that for Udaipur (0.526) and
Spiti (0.512).

The percentage of Spiti households (78.24%) reported that
they are mostly dependent on their crops for food requirements
compared to Lahaul households (88.02%), and Udaipur
households. Additionally, Lahaul households reported growing
1.4 time of crops on average, while Spiti households reported
growing 3.2 times of crops on average.

As far as natural disaster sub components under exposure is
concerned, all three regions had similar numbers of vulnerability
based the average rainfalls, snowfalls, and extreme temperature
events that occurred in the last 11 years. However, when data on
the percentage of households that did not receive a warning and
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Table 2: Tribal Household Livelihood Vulnerability Index (THLVI) of Lahaul, Udaipur and
Spiti region have minimum and maximum values of sub-components values.

Major . . ... Maximum  Minimum Indexed value
component Sub-component Units Lahaul Udaipur Spiti value value calculated by Eq. 2
Socio-demog- Dependency ratio Ratio 0.47 0.44 0.43 5.0 0 0.094 0.088 0.086
raphic profile  Female-headed Households Percent 10.45 6.25 17.65 100 0 0.104 0.062 0.176
Households in which the head of Percent 67.16 54.17 70.33 100 0 0.671 0.541 0.703
the household has not completed
all the metrics.
Percentage of orphaned househol- Percent 32.83 45.83 29.66 100 0 0.328 0.458 0.297
ds
Household with a combined family. ~ Percent 32.83 45.83 37.60 100 0 0.328 0.458 0.376
Household having nuclear family Percent 597 2.08 9.33 100 0 0.597 0.020 0.933
Livelihood Percent of families with a family Percent 13.43 8.33 12.67 100 0 0.134 0.083 0.127
Approaches member who works in a separate
community
Percentage of families whose Percent 65.67 58.33 63.94 100 0 0.657 0.583 0.639
primary source of income is agri-
culture
Percent of irrigated land Percent 89.55 93.75 87.45 100 0 0.895 0.937 0.874
The average measure of agricultural 1/livelihoods 0.25 0.20 0.33 1 0 0.25 0.20 0.33
livelihood diversification
Percent of un-irrigated land Percent 10.25 6.25 12.55 100 0 0.104 0.062 0.125
Source of income, Percent of Percent 11.94 16.67 10.04 100 0 0.119 0.167 0.1
households relied on sources other
than agriculture.
Percent of households reliant on Percent 32.83 43.75 30.76 100 0 0.328 0.437 0.308
agriculture and other sources
Per family average land availability Bigha 19.92 13.60 18.76 50 0 0.398 0.272 0.375
(Bigha)
Average number of livestock Count 8.34 7.58 12.35 20 0 0417 0.379 0.617
Social Systems Percent of people who neither Percent 22.38 33.00 35.17 100 0 0.119 0.542 0.352
received or nor aided others
Percent of household visiting their Percent 83.58 83.33 83.66 100 0 0.216 0.2 0.837
relatives to attend social functions
(last 12 months)
In the last 12 months, what percen- 88.05 45.83 50.38 100 0 0.836 0.833 0.504
tage of households went to their Percent
local government for help
Migration Average quantity of migrants in Count 2.55 4.77 3.25 10 0 0.255 0.477 0.325
families
Percent of migrants due to emp- Percent 68.32 61.76 50.75 100 0 0.683 0.618 0.507
loyment
Percent of families getting remit- Percent 52.63 55.55 70.38 100 0 0.526 0.555 0.704
tances
Health Average travel time to a medical Minutes 52.98 48.33 50.03 60 0 0.883 0.805 0.834
institution (minutes)
Percent of the total of homes with Percent 40.29 27.08 38.21 100 0 0.403 0.270 0.382
a family member suffering from a
chronic disease
Percent of families depended on Percent 16.41 2.08 45 100 0 0.164 0.020 0.45
traditional medicines
Percent of families depended on Percent 17.91 70.83 20.0 100 0 0.179 0.708 0.2
English medicine
Percent of families depended on Percent 65.57 27.08 35.0 100 0 0.656 0.270 0.35
both type of medicines
Percent of households having toilet ~ Percent 98.5 100 100 100 0 0.985 1 1
within premises
Per-capita availability of beds in Ratio 37 33 2.6 5 1 0.675 0.575 0.4
hospital (per 1000)
Per-capita availability of doctors in Ratio 0.68 0.56 0.48 1 0 0.68 0.56 0.48
hospital (per 1000)
the percentage of households that experienced disaster-related was found to be more vulnerable than Lahaul and Spiti.

injuries or deaths over the last six years was considered, Udaipur
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Table 2: Continue.

Indexed value

Major Sub-component Units Lahaul Udaipur Spiti Maximum  Minimum calculated by Eq. 2
component value value
Lahaul  Udaipur Spiti
Food Percent of families whose only Percent 100 97.91 80.33 100 0 1 0.979 0.803
source of food is a family farm
The average number of months a Months 7.72 7.43 7.23 12 0 0.643 0.619 0.602
household goes without food
Crop diversity index on average 1/ crops 0.24 0.20 0.33 1 0.1 0.155 0.111 0.255
Crops that are not saved by a certa-  Percent 88.24 100 78.24 100 0 0.882 1 0.782
in percentage of households
Households that do not store seeds ~ Percent 17.65 60.42 23.52 100 0 0.176 0.604 0.235
as a percentage
Percent of households eating just Percent 0 0 0 100 0 0 0 0
vegetables
Percentage of households that eat Percent 100 100 100 100 0 1 1 1
both vegetables and non-vege-
tables
Water Percentage of homes that get their Percent 60.0 70.0 55.0 100 0 0.6 0.7 0.55
water from a natural source
Time to get to a water source on Minutes 12.31 65 60 80 5 0.154 0.812 0.75
average (minutes)
Percentage of households without Percent 25.37 50.0 40.0 100 0 0.254 0.5 0.4
a reliable water supply
The inverse of the average amount 1/Litres 0.039 0.044 0.056 1 0 0.039 0.044 0.056
of water held each home.
Climate variabi- Injuries or deaths among hou- Percent 22.05 14.58 30.76 11 0 0.220 0.146 0.308
lity and Natural sehold members because of recent
disasters natural catastrophes
Percent of households that did not Percent 45.59 60.42 52.65 100 0 0.456 0.604 0.526
get a warning about impending
natural disasters or calamities
Animals in families that have been Percent 26.47 125 17.03 100 0 0.265 0.125 0.170
injured or killed because of recent
natural catastrophes
Mean standard deviation of avera-  Centimetres 16.7 16.7 16.7 50 10 0.58 0.58 0.58
ge annual snowfall (2009 to 2020)
Mean standard deviation of avera- Hours 6.71 6.71 6.71 10 0 0.671 0.671 0.671
ge monthly sunshine/temperature
(2009 to 2020)
Mean standard deviation of avera- ~ Millimetres 8.97 8.97 8.97 40 10 0.885 0.885 0.885

ge monthly rainfall (2009 to 2020)

Socio-demogaphic
profile
Climate variability 03

Health
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Figure 2: Spider diagram of THLVI’s major components of the

Lahaul, Udaipur and Spiti.
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Figure 3: Triangle diagram of THLVI-IPCC for Lahaul,
Udaipur and Spiti.
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The proportion of missing replies in the questionnaire varied
respondents to respondents and can be seen as limitations of
questionnaire survey. However, when calculating the climate
variability and natural disaster values, Spiti households were
found to be more susceptible than Lahaul and Udaipur
households. Overall, Spiti showed higher THLVI (0.477) than
Lahaul (0.449) and Udaipur (0.469) respectively (Table 3).

3.2. THLVI-IPCC assessment: Lahaul, Udaipur and
Spiti

The data depicted in Figure 3 suggests that the comparatively
low estimated adaptive capacity in Udaipur households was due
to demographic imbalances and a high percentage of families
who raised orphans. Adaptation observations such as livelihood
diversification, planned migration, food, and water were the
main reasons behind Udaipur’s low THLVI-IPCC result.

THLVI-IPCC calculations vulnerability is less in Udaipur
region (0.003) and more in Lahaul (0.073) and Spiti (0.083)
(Table 4). Spiti families could be more exposed to the effects of
climate change than Lahaul and Udaipur households, according
to the aggregate THLVI-IPCC ratings (Fig. 3).However, it is
uncertain whether these approaches are sufficient to compensate
for climatic changes within the range of possible climate
variations. Additionally, Figure 3 shows that although Lahaul
family’s demographic pressures and low rates of school
attendance are not reported in the same manner, similar response
techniques were prevalent in Udaipur.

4. DISCUSSION

It was well-established in scholarly literature that agriculture
is the primary source of livelihood for Himalayan villages
(Macchi et al., 2014; Gerlitz et al., 2016). Many scholars
documented the increasing and disparate vulnerability faced by
agricultural communities over time (Pandey and Jha, 2011;
Tiwari and Joshi, 2012; Panthi et al, 2015). As Shukla et al.
(2018) noted, “The Himalayan region’s agricultural populations
are disproportionately vulnerable because of difficulties in
sustaining their livelihoods brought on by a variety of internal
and external variables.”

The landscape changes dramatically as soon as one passes
across the Rohtang Pass from Manali. Green conifer-lined slopes
give way to harsh, brown alpine peaks. The selected components
were aggregated under 46 different sub-components for three
major components of Lahaul, Spiti and Udaipur. THLVI was

calculated at the village level using various major and sub-
components. In the major components, exposure was very high
in Spiti. At the village level, the more vulnerable to exposure
were Marango Rangarik (0.789), Chicham Khas (0.585) and
Pinjoor (0.559); then Lahaul and within its villages, Jobrang
(0.856), Kowaring and Sissu (0.689) and then Udaipur and
within its village’s exposure are Madgram (0.559), Jahalman and
Manrung (0.522) respectively. Climate change directly affected
the livelihood of people in the Lahaul and Spiti district.

The second major component ‘Sensitivity’ comprises Health,
Food, and Water. Sensitivity is directly proportional to
vulnerability. If we are more sensitive, then the possibility of
exposure is also high and vice versa. There is only one season for
cropping, which runs from April to October, when the mean
minimum and maximum temperatures range from approximately
12°C to 24°C. Although they can range from as low as 5°C to
30°C. During the winter months, temperatures drop well below
freezing (-20°C to -10°C). Rainfall also varies between regions,
with an average annual rainfall of 250 mm ranging from as low
as 90 mm to as high as 1200 mm. Most of the rainfall is received
as snowfall in the winter from November to early March. The
rainfall in Spiti is generally scarcer than in Lahaul, and Udaipur.

Unlike other tribesmen in the nation, the tribal farmers of
Spiti were discovered to be highly inventive and fast learners.
The crops in this region underwent a higher degree of revolution
compared to other districts in the state. The cultivators are
dominated by marginal and small farmers. The sensitivity is very
high due to the high demand for food and water melting at a
speedy rate. This causes Lahaul and Spiti to become mainly a
six-month natural cage due to heavy snowfall. In Lahaul’s
villages Lepchang (0.614), Stingiri (0.600) and Jobrang (0.599)
have attained the lowest sensitivity in between three regions. In
Udaipur’s villages Kurched (0.594), Madgram (0.569) and
Jholing (0.566) attained very high sensitivity in these three
regions. Spiti’s villages sensitivity is lower than Lahaul because
of 365 days of connectivity. In villages, Marango Rangarik
(0.701) had the highest and Tabo (0.338) the lowest sensitivity.

The adaptive capacity of a community regulates its
susceptibility to hazards or disasters by adjusting exposure and
sensitivity or responsiveness levels. Adaptive capacity includes
socio-demographic profile, social system, migration and
Livelihood strategies. Households of Spiti were more vulnerable
to dangerous relief and the cold Himalayan winds have a negative
effect on Spiti. The high number of children who were orphaned
and the single-parent households in Udaipur limited its ability to

40



KUMAR, ASHWANI, MISHRA, THAKUR, KUMAR, V.A.V RAMAN / Cografya Dergisi — Journal of Geography, 2023, 47: 29-43

implement various adaptation strategies. On the other hand, Spiti
had both high vulnerability and high adaptive capacity. Udaipur
could be more vulnerable to the outcomes of climate change than
Lahaul and Spiti when considering the existing state of health as
well as the security of food and water. In comparison to Lahaul
and Udaipur, Spiti showed a stronger potential for adaptation
based on demography, livelihoods, and social networks.The
values for the adaptive capacity dimensions are related to the
descriptions of each surveyed village of three regions and have
various irregularities of adaptive capacity in these regions. The
Spiti households are moving towards nuclearization. This factor
plays a significant role in the vulnerability of Spiti. Udaipur is
the least vulnerable because it has more choices for livelihood.
The adaptive capacity of Lahaul (0.366) and Udaipur (0.353) are
almost the same. In the villages of Lahaul, Jobrang (0.599) had
the highest and Darcho Sumda (0.220) the lowest adaptive
capacity. The villages of Udaipur; Manrung (0.516) had the
highest and Hinsa (0.297) attained the lowest. However, the
adaptive capacity was far better in the Spiti region than in the
two other desert regions. In the villages of Spiti, Tabo (0.590)
attained the highest and Marango Rangarik (0.206) the lowest.
Sheep, churi and goats were the most prominent livestock owned
by households in this region. Among cattle, Churi (a cross breed
between cow and yak) was the most common dairy animal,
preferred by every household. Farmers keep yaks for ploughing,
and the average milk yield of Churi is 1.5 to 2 killograms per
day. To meet the main fodder needs, farmers utilized dry grass,
straw, and leftover pea crops in the winter, while relying on
indigenous legume varieties and wild willow branches during
the summer months. The households of Lahaul, Udaipur, and
Spiti reported high numbers of people migrating to Shimla,
Manali, Chandigarh and Delhi for work, employment, education,
marriages, etc.

Most households face a shortage of fodder during April-May.
The emerging farm-based micro-enterprises have the potential to
improve the socio-economic status and livelihood options in the
district. Lahaul and Spiti authorities provide full subsidized food
to more than 95% of households at the interval of 6 months.

5. CONCLUSION

This study calculated the THLVI and THLVI-IPCC as modified
alternate methods for assessing the vulnerability of tribal
communities of mountainous regions as an impact of climate
variability. The approach provided a picture of the factors of tribal
household livelihood vulnerability in a mountainous region. The
overall vulnerability of this district is high. Natural factors have

severely impacted tribal communities. Sensitive factors can be
improved by the better adaptive capacity approaches. The
exposure, capacity for adaptation, and sensitivity of district may
change when adaptation techniques are implemented or are
anticipated to be implemented in the future. This study’s replication
in the same place over time could give information on how these
factors evolve. Further studies on this topic should focus on the
refinement of the Migration and Health sub-components of THLVI
to evaluate the challenges more accurately. In general, the THLVI
could offer development planners a valuable instrument to assess
the livelihood wvulnerability impact of climate change on
communities and it could be useful in developing resilience
strategies for vulnerable social groups. Ultimately, it aims to help
achieve the targets of Sustainable Development Goals (SDGs).
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ABSTRACT

Air pollution can be a concern during certain seasons, specifically in autumn and winter, in the city center of Igdir owing to the city’s geomorphological and
climatological features. This study aims to examine the spatial and vertical distribution of air pollution in the atmosphere of the city center of Igdir and
identify suitable areas for urban settlement. The results revealed that areas with highest pollution levels were in the city center of Igdir and in the plain area
located north of the city. The geographical conditions, specifically in winter, limit convective air movements, cause inversion, and intensify air pollution.
Height of the aerosol layer expresses the upper limit that pollutants can reach in the atmosphere. In the city center of Igdir, height of the aerosol layer
approximately 1000-1100 m, especially in winter. Furthermore, pollutants are trapped between 850 m, which is the average altitude of the city center of
Igdir, and these altitudes causes the pollution to be felt more intensely. A change in the city’s settlement plan (horizontally) cannot address this issue in the
longterm as the same air pollution problem will occur again. Thus, settlements should be established at least above 1000-1100 meters, which is the upper
level of the aerosol layer in winter, to prevent this issue.

Keywords: Igdir, Air Pollution, Settlement, Google Earth Engine

oz

Hava kirliligi sorunu sanayi faaliyetleri olmasa dahi, jeomorfolojik ve klimatolojik 6zelliklere bagl olarak belirli mevsimlerde surekli hale gelebilmektedir.
1gdir merkezilgesi 6zellikle sonbahar ve kis mevsimlerinde bu sorunun yasanmasiyla glindeme gelmektedir. Bu sorunun ¢6ziimiine odaklanilan arastirmada,
alan kapsami Igdir ili ve merkez ilgesi; konu kapsami ise hava kirliligi ve sehir yerlesim uygunlugu ile sinirlandiriimistir. Arastirmanin amaci, ¢calisma alaninda
hava kirliliginin atmosferdeki alansal ve dikey dagdilisini ortaya koyarak sehir yerlesimine uygun alanlari tespit etmektir. Elde edilen sonuglara gore, Igdir
merkez ilgesinde yerlesmelerin yogun oldugu alan ve kuzeyindeki ovalik saha, kirliligin en fazla oldugu yerlerdir. Alandaki cografi sartlar; 6zellikle kis
mevsiminde konvektif hava hareketlerini sinirlandirarak inversiyon olusumuna ve hava kirliliginin daha yogun hissedilmesine sebep olmaktadir. Gezegensel
sinir tabakasinin gostergelerinden biri olan aerosol tabakasi yliksekligi, Igdir merkezilcesinde 6zellikle kis mevsiminde 1000-1100 m civarindadir. Kirleticilerin
1gdir merkez ilgesinin ortalama ylikseltisi olan 850 m ile bu yikseltiler arasina sikismasiyla, alanda kirlilik daha yogun hissedilmektedir. Sehir yerlesim
planinda yatay olarak yapilacak bir degisiklik, sahip olunan cografi 6zellikler sebebiyle uzun siirecte yine ayni hava kirliligi sorununun yasanmasina sebep
olacaktir. Bu nedenle olasi bir plan degisikliginde yerlesimlerin, en azindan kirletici gazlarin kis mevsiminde ulastigi Gst seviye olan 1000-1100 m'nin lizerine
kurulmasi ayni sorunlarin tekrar yasanmamasini saglayacaktir.
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EXTENDED ABSTRACT

Air pollution is a well-known factor that affects the natural atmosphere when its concentration reaches a certain level. Additionally,
a national act, the Air Quality Assessment and Management Regulation, has been introduced to establish minimum levels for smoke,
dust, gas, vapor, and aerosol concentrations in the air (URL 1; URL 2). According to a recent report (THHP, 2021), PM10, PM2.5, SO,,
03, and NO, values from 98% of 175 stations in Turkey were found to exceed the value (20 pg/m3) defined by the World Health
Organization. Moreover, the air quality of some cities is more heavily influenced by urbanization, fossil fuel usage, and topographic and
meteorological factors (Cift¢i et al., 2013). In Igdir, geomorphological structures limit the horizontal movement of air parcels and create
an inversion layer (Kog, 2018). However, there has been little quantitative analysis of air quality to guide urban growth in Igdir. This
study aims to address the lack of suitability analysis based on air quality and risk mapping in Igdir. The suitability of urban growth will
be analyzed using Google Earth Engine (GEE) data sets (NO,, SO,, CO, UV aerosol index [UVAI]), O3, Formaldehyde (HCHO), and
ABL [Aerosol Boundary Layer]) with the Best—Worst Method (BWM).

Igdir city center is situated at an average altitude of 850 m. The Igdir Province is depicted in Figure 1. The Igdir Plain was formed by
the Aras River through alluvial deposition. The prevailing wind direction is over the depression of the Igdir Plain. Figure 3 shows the
frequency of annual winds. The geomorphological structure of the city provides benefits in terms of climate and agriculture.

Data for NO,, SO,, CO, UVAI O3, HCHO, and ABL were obtained from Sentinel-5SP TROPOMI (TROPOspheric monitoring
instrument) in the GEE data collection. The data is collected by Landsat, MODIS, NOAA AVHRR, and ALOS remote sensing platforms
(Amani et al., 2020). First, pollutant data was correlated to the city center via principal component analysis (PCA) to reveal risk fields.
PCA is a linear analysis tool used to reduce a large raw data matrix to only its principal components (Tezbasaran & Gelbal, 2018; Yi &
Latch, 2022). Then, the pollutants were analyzed using one of the multivariate analysis techniques, the BWM. The BWM analysis
indicated the suitability for urban growth. The closer the BWM result is to zero, the more reliable the data are (Badri Ahmadi et al.,
2017).

The concentrations of six different pollutants were distributed throughout Igdir. The concentration of NO, ranged between 0.0000125
and 0.000032 mol/m?. Figure 4 shows that the concentration is higher in the northern region of the city center and lower in the southern
region, where the elevation is higher. SO, production is typically caused by the use of fossil fuels, and the average concentration ranges
between 0.0000219-0.000231 mol/m2 (Figure 4). High levels of SO, were observed in low-lying areas. The distribution of CO
concentrations followed a similar pattern to that of NO, concentrations, with higher levels in the north and lower levels (0.0207-0.0316
mol/m?) in areas with higher elevation (Figure 4). The city center of Igdir had higher values of HCHO, while the rest of the region
exhibited values between 0.0000708 and 0.000131 mol/m? (Figure 4). Although positive values of the aerosol index resulted in negative
health effects, the area of interest did not show positive acrosol index values (—1.23, —0.488), as shown in Figure 4. Tropospheric ozone,
which results from reactions with other pollutants in the atmosphere, exhibited a similar trend to NO, and CO, being lower at higher
elevations. Its concentration ranged between 0.1362—0.1394 mol/m2 (Figure 4). Aerosol height varied between 934-3020 m (Figure 10).
The plain region of Igdir represents the lowest aerosol layer height (934-1240 m) . Moreover, the height of the aerosol layer defines the
highest level of particles in the atmosphere. Low aerosol layer height increases the risk of pollution evolution. Gaseous pollutants were
found to be at their maximum during the winter (Figure 11). The highest wind speed in the region is approximately 1.4 m/s. The lack of
wind throughout the year increases the air pollution.

Despite its small population, Igdir suffers greatly from air pollution. The study shows that the city center and northern part of the plain
are affected by pollution the most. Furthermore, height of the aerosol layer indicates the atmospheric vertical boundary for the pollutants.
Thus, high pressure (917.8 hPa) in the atmosphere causes the pollutants to accumulate in the plain region. Due to the low temperatures
(annual average is 12.2°C and lowest is —3.3°C), an inversion layer forms, thus limiting the movement of pollutants in the region. The
air pollution risk map shows the highest risk in the northern part of the plain (Figure 13).

Based on this analysis, it can be inferred that a suitable urban growth area can be selected within the altitude range of 1000 to 1500
meters, as depicted in Figure 14. It is recommended that the settlement be located above the highest measured altitude for inversion and
the aerosol layer, which is at 1100 meters (as shown in Figure 15).
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1. GIRIS

Hava kirliligi, atmosferin dogal yapisint degistirebilen gaz,
partikiill vb maddelerin canli ve cansiz varliklar1 olumsuz
etkileyecek diizeyde bulunmasini ifade eder. Volkanik patlamalar,
toz firtinalar1 hava kirliliginin dogal nedenlerindendir.
Kentlesme, fosil yakit kullanimi ve sanayilesme ise insan
kaynakli nedenlere 6rnek verilebilir. Hava kirliligi, yeryiiziinii
kiiresel gapta tehdit eden ¢evresel faktorlerin basinda gelmektedir.
Kirlilikten etkilenen bir¢ok insan hayatini yitirmis veya bu
kirlilige bagli hastaliklar sebebiyle yasam kalitesini kaybetmigtir
(Argun vd., 2019; Atalay & Neslihanoglu, 2021). Ozellikle
diisiik veya orta gelirli iilkelerde kentlesme ve sanayilesmenin
etkisiyle hava kalitesi genel olarak kotiilesmektedir (Kog¢ & Kog,
2018; Stimer, 2014; WHO, 2021). Saglikl1 bir hava kalitesi i¢in,
kirletici yogunlugunun canli sagligini olumsuz etkilemeye
basladigi minimum seviyeyi tespit etmek dnemlidir. Bu seviyeyi
belirlemek amaciyla ulusal ve uluslararasi platformlarda hava
kalitesi smir degerleri agiklanmaktadir. Ornegin Diinya Saglik
Orgiitii’niin (DSO) 2005 yili hava kalitesi kilavuzunda azot
dioksit (NO,) seviyesi 40 pg/m? olarak belirlenmistir (WHO,
2006). Bu deger 2021 yilinda, 10 pg/m? olarak giincellenmistir
(WHO, 2021). DSO’niin giincel kilavuzunda NO,’nin yaninda
partikiil madde 2.5 ve 10 (PM,s, PM;(), ozon (O3), kiikiirt
dioksit (SO,) ve karbon monoksit (CO) konsantrasyonlari i¢in
de sinir degerler verilmektedir (WHO, 2021). Benzer sekilde
Tiirkiye de hava kalitesini iyilestirmek amaciyla, Hava Kalitesi
(HKDYY)
yaymlamistir.  Bu  yOnetmelikte kirletici maddeler ve

Degerlendirme ve  Yonetimi  YoOnetmeligi
konsantrasyon degerleriyle ilgili minimum sinirlar bulunmaktadir

(URL 1; URL 2).

DSO verileri, kiiresel niifusun %99’unun kilavuzlarda
belirtilen sinir degerleri asan veya yliksek diizeyde kirletici
iceren hava soludugunu gostermektedir (WHO, 2021; URL 3).
Tiirkiye’de ise Temiz Hava Hakki Platformu (THHP), 175
istasyon Ozelinde bazi kirleticileri (PM;y, PM, 5, SO,, O3 ve
NO,) kapsayan bir arastirma yapmigtir. Aragtirma sonucunda; bu
istasyonlarin %98’inde, 6zellikle y1llik PM o degerinin DSO’niin
belirledigi seviyenin (20 pg/m?) dstiinde oldugu gorilmistiir.
Ayrica c¢alisma kapsaminda Tirkiye’deki illerin yarisindan
fazlasinin, HKDY'Y kapsaminda ilan edilen ulusal sinirlari astig1
tespit edilmistir (THHP, 2021). 2021°de Tirkiye, sadece yillik
PM, 5 ortalamasi dikkate alinarak yapilan bir aragtirmada 117
iilke igerisinde, en fazla konsantrasyona sahip 46. iilke olmustur.
Avrupa iilkeleri dikkate alindiginda ise 6. sirada yer almaktadir
(IQAIr, 2021).

Hava kirliligi; sahip olunan dogal ve beseri ozellikler
sebebiyle bazi illerde daha yogun yasanir (Cift¢i vd., 2013).
Kirletici konsantrasyonu bakimindan digerlerinden ayrilan
illerin basinda Igdir gelmektedir. PM;y’da ilk ii¢ ve O3’te ilk
sekiz il igerisinde yer alan Igdir, 2016-2020 yillar1 aras1 PM;
ortalamasi degerlendirildiginde Tirkiye’deki en kirli il
konumundadir (THHP, 2021). Bununla birlikte 2021°de yillik
66,2 pg/m’ PM, s degeri ile Avrupa’da ilk sirada yer almustir
(IQAir, 2021).

Igdir ili yiliksek jeomorfolojik birimlerle ¢evrilidir. Bu
topografik yapi, yatay hava hareketlerini engellemekte, dzellikle
sicaklik
kolaylagtirmaktadir. Boylece sahada kirletici gaz yogunlugu
artig gosterir (Kog, 2018; Sahin vd., 2020). Yasanilan bu durum
dogrudan kirliligin kaynagi olmasa da, kirleticilerin ortamda

kis  mevsiminde terselmesinin ~ olusumunu

bulunma siiresini ve miktarini etkiler. Bu kosullar Igdir merkez
ilgesinde; kirletici yogunluklarinin tespitini, sebeplerinin
aragtirtlmasini, yatay ve dikey dagilislarinin belirlenmesini
gerekli kilmistir. Ayrica literatiirde Igdir ili icin bu cografi
kosullarin sebep oldugu sorunlart igeren bir yerlesim uygunluk
analizi bulunmamaktadir. Bu eksiklik, arastirmanin ortaya
ctkmasina sebep olan motivasyonlardan biridir.

Arastirmada Igdir merkez ilgesine ait NO2, SOz, CO, Os,
Ultraviyole Aerosol Indeksi (UVAI), Formaldehit (HCHO) ve
Aerosol Tabakasi Yiiksekligi (ATY) haritalar1 ve bunlarin
bilesimini igeren risk haritast olusturulmustur. Kirletici gaz
ozellikleri dikkate alindiginda; NO: ¢ogunlukla fosil yakit
kullanimi, egzoz emisyonlari, termik santraller ve sanayi
faaliyetleri sonucunda olusan bir gazdir. Kisa ve uzun siirelerde
maruz kalinmasi halinde solunum yollaryla ilgili saglik
problemlerine sebep olabilir (Castagna vd., 2022; Cindoruk,
2018). SO2 evsel ve endiistriyel amagla yakilan komiir, metal
ergitme ve dizel yakitli tasitlarin kullanimi sonucu ortaya
cikmaktadir. Renksiz, asidik ve keskin kokulu olan bu gaz;
kanda ¢6ziinmesi ve solunum yollarin etkilemesi nedeniyle
insan sagligina zararlidir (Akytirek vd., 2013; Argun vd., 2019).
CO ise dogal yangin veya evsel karbon kaynakli yakitlarin
yetersiz yanmasi sonucu agiga ¢ikan renksiz ve kokusuz bir
gazdir. Akut ve kronik zehirlenmeye sebep olabilir (Eraybar vd.,
2021; Mutlu, 2018). Emici Aerosol Indeksi (AAI) olarak da
adlandirilan UV Aerosol Indeksi; atmosferdeki volkanik kiil, toz
ve duman gibi ultraviyole radyasyonu emen aerosollerin varligini
Olcen bir indekstir (Graaf vd., 2005; URL 4). Os ugucu organik
bilesiklerin ve azot oksitlerin (NOy) fotokimyasal oksidasyonu
sonucu agi8a ¢ikan ikincil bir kirleticidir. Maruz kalinmasi insan
sagligini olumsuz etkiler. Ayrica plastik ve boya gibi maddelere
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de zarar verebilir (Li vd., 2019; Ozcan vd., 2008; Schultz vd.,
1999). HCHO renksiz, keskin kokulu, toksik bir gazdir. Ahsap
mobilya, déseme ve boya gibi malzemelerin yapimi, kullanim1
ve onarmmiyla havaya karismaktadir. Cogunlukla sanayi
faaliyetleriyle ortaya ¢ikar ve atmosferde girdigi reaksiyonlarla
troposferik ozon olusumuna sebep olur (Guo vd., 2021; Vazquez
Santiago vd., 2021). Diisiik konsantrasyonlarda dahi goz, burun,
bogaz kizariklig1 veya deride tahrise sebep olan HCHO, kanser
riski de olusturmaktadir (Wag vd., 2021; Zhang vd., 2020; Zorlu
& Tikansak Karadayi, 2020). Saglik basta olmak iizere, birgok
alanda olusturdugu riskler sebebiyle bahsedilen bu kirleticiler
arastirmaya dahil edilmistir.

Arastirma kapsaminda, Igdir il geneli i¢in kirletici faktorlerin
dikkate alindig1 yerlesim uygunluk analizi yapilmistir. Uygunluk
analizleri, kullanim igin elverisli alanlarin  tespitini
amaglamaktadir. Yer se¢cimi konusunda uygulanmasi 6zellikle
1980’lerden sonra artmistir. Cok Kriterli Karar Verme Y ontemleri
(CKKV) en yaygin olarak kullanilan analiz metotlarindandir
(Aydogdu & Bakirci, 2021; Chen, 2014; Parry vd., 2018;
Tasdemir & Kaya, 2015). Tarimsal alan, habitat uygunluk ve
dogal afetlere karst sehir gelisimi i¢in yer se¢imi gibi farkli
amaglarla kullanilmaktadir (Degerliyurt, 2014; Kazemi &
Akinci, 2018; Ozsahin vd., 2022; Utami vd., 2021). Calismada
ise CKKYV yontemlerinden biri olan Best-Worst Metodu (BWM)
kirleticiler dikkate alinarak, dogru yerlesim alanlarini tespit
etmek icin uygulanmistir. Kirletici gazlara ait veriler Google
Earth Engine (GEE) veri setlerinden temin edilmis, ArcMap
10.4 ortaminda diizenlenen ytikselti ve arazi kullanim verileri
metoda dahil edilerek analiz gergeklestirilmistir.

Arastirmanin temel amaci, hava kirliligi konusunda Igdir
merkez il¢esinin maruz kaldigi tehlikeleri tespit etmek ve il
genelinde yerlesime uygun alanlari belirleyerek kalict bir ¢ozim
Onerisi sunmaktir.

2.1. MATERYAL VE METOT

2.1. Calisma Alam

Dogu Anadolu Boélgesi’nin Erzurum-Kars Boliimii’nde yer
alan Igdir ilinin kuzey ve kuzeydogusunda Aras Nehri’nin
olusturdugu Ermenistan siirt bulunur. Dogusunda Nahgivan
Ozerk Cumhuriyeti, giineydogusunda ise Iran yer alm.
Kuzeybatisinda Kars ve gilineybatisinda Agri ili ile komsudur.
[gdir merkez ilgesinin batisinda Tuzluca, dogusunda Karakoyunlu
ve Aralik ilgeleri yer alir. Merkez il¢e yaklasik olarak 39° 55’
kuzey enlemi ve 44° 02" dogu boylamindadir (Sekil 1). Merkez

ilgenin kurulu oldugu alan, ortalama 850 m yiikseltiye sahiptir.
Yikselti, merkez ilgenin kuzeyindeki Igdir Ovasi’na ve
giineydogudaki ova uzantisina (Dil Ovasi) dogru azalir. Gliney
ve batidaki daglik alanlara dogru ise artmaktadir. Biiyiik Agr1
Dag1 (5137 m) sahanin en yiiksek boliimiinii olusturur. Karasu-
Aras Daglari, volkanik alanlara ek olarak arastirma sahasinda
engebeyi arttiran diger 6nemli yiikseltilerdir. Kizilca (2887 m),
Durak (2811 m), Zor (3196 m), Kéroglu (2895 m) ve Pamuk
(2639 m) Daglar1 bu dag sirasmin Snemli yiikseltileridir
(Karaoglu & Celim, 2018; Kaya, 2015).

Sekil 1: Igdir ili lokasyon haritasi.

Figure 1: Igdir Province location map.

Igdir ilinin bulundugu alan, Aras Nehri’nin olusturdugu
depresyonlardan biridir. Tasman aliivyonlarla birlikte Igdir
Ovasi olugmustur. Ovalik alan Bati1 Ova, Dogu Ova ve Dil Ovast
olmak iizere ti¢ fakli boliimden olusur. Cokiintli alanina yerlesmis
bu ovalik saha, sinir 6tesinde Ermenistan topraklarinda da devam
etmektedir. Snir, ovalik alan1 yaklagik iki esit pargaya boler. il
merkezi Batt Ova’nin giineyine kuruludur. Arazinin yer sekilleri
genel olarak incelendiginde; Igdir ilinin, Aras Nehri’nin
olusturdugu KB-GD istikametinde uzanan bir depresyon
icerisinde kurulu oldugu dikkat cekmektedir. Egim %1-10
arasinda degisir. Yiikselti batidan doguya ve giineyden kuzeye
dogru azalirken, iilke sinirlar1 digindaki daglik alanlara dogru
tekrar artmaktadir (Sekil 2). Sahip olunan bu jeomorfolojik yap1
Igdir iline iklim, tarim tiriinleri gibi konularda avantaj saglarken;
aragtirmaya konu olan hava kirliligini de etkileyen temel
unsurdur (Giigtik vd., 2019; Kibar vd., 2014).
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Sekil 2: Igdir ilinin farkli uzanis yonlerine gore hazirlanmis yer

sekli profilleri. (Tabandaki sayilar ilgili renkteki profil {izerinde
sehir merkezinin bulundugu yeri ifade etmektedir).
Figure 2: Landform profiles prepared according to different
extension directions of Igdir province. (The numbers on the
base represent the location of the city center on the profile in
the relevant color).

Igdir ili jeomorfolojik 6zelliklerinin etkisine paralel olarak
cevresine gore daha sicak ve kurak bir makro klima iklime
sahiptir. Komsu illerinden Kars’ta y1llik 4.7°C, Agri’da ise 6.2°C
ortalama sicakliklar goriiliirken; [gdir’1n yillik ortalama sicakligt
12.2°C’dir. Y1llik toplam yagis tutari, Kars’ta 506.8 mm, Agri’da
524.9 mm iken; Igdir’in toplam yagis1 259.9 mm’dir. Temmuz
ay1 ortalama sicakligi 25.9°C, ocak ay1 ise -3.3°C’dir. En yagish
ay 46.9 mm ile Mayis, en kurak ay 9.8 mm ile Agustostur.
Haziran sonunda baslayan kurak iklim sartlart eyliil sonuna
kadar devam etmektedir (Celik vd., 2018; Karaoglu, 2011; Yaltt
& Aksu, 2019). Bozkir, aragtirma sahasiin ana bitki Ortiisiinii
olusturmaktadir. Meteoroloji Genel Midiirligi’'nin (MGM)
uzun yillar tiim parametreler biiltenine gore kis mevsimi, nispi
nem oraninin en yliksek oldugu zaman dilimidir. Bu mevsimde
ortalama %69.8 olan nispi nem, aralik ayinda en yiiksek degere
(% 71.8) ulagmaktadir. Yillik ortalama nispi nem degeri %59’ dur.
Kis mevsiminde daha yiiksek basing degerleri goriilmekle
birlikte yillik ortalama deger 917.8 hPa’dir. Uzerine kurulu
oldugu depresyon alaninin uzanis dogrultusu olan KB-GD
istikameti, ayn1 zamanda hakim riizgar yoniinii olusturmaktadir.
Y1l igerisinde en fazla riizgar KB yoniinden eser (Sekil 3). 1.2
m/s gibi diisiik bir yillik ortalama riizgar hizina sahip Igdir ilinde,
ilkbahar ve yaz mevsiminde artan riizgar hiz1 diger mevsimlerde

azalmaktadir. Hava kirliliginin en yogun sekilde hissedildigi kis
mevsiminde 0.9 m/s olan riizgar hizi, ilkbaharda 1.4 m/s ile

maksimum hiza ulagir.
2.2. Veri setleri ve yontem
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Sekil 3: Igdir merkez ilgesi yillik riizgar giilii diyagrami.
Figure 3: Annual wind rose diagram in Igdwr central district.

Arastirma kapsaminda ¢esitli uydu goriintiilerinden elde
edilen veriler analiz edilerek haritalanmistir. Calismada
kullanilan NO2, SO., CO, UVAI, Os, HCHO ve ATY verileri,
GEE veri katalogu Sentinel koleksiyonu icerisindeki Sentinel-5P
TROPOMI’den (Tropospheric Monitoring Instrument) temin
edilmistir (URL 5). 2010 yilinda tanitilan Google Earth Engine
(GEE), petabayt ol¢eginde biiylik veri setlerini depolamak ve
islemek {izere tasarlanmis cografi veri isleme platformudur.
GEE, bilimsel arastirmalar i¢in veri teminini kolaylastirmasimin
yani sira; hazir islenmis veri imkani da saglayan bir bulut bilisim
programidir. Biinyesinde sosyal, demografik, arazi kullanim,
iklim, vejetasyon ve sayisal yiikselti modeli gibi genis kapsamli
veri tirlerini barindirmaktadir. Bu veriler Landsat, MODIS,
NOAA, AVHRR, ALOS gibi ¢esitli uzaktan algilama
platformlarint igerir (Amani vd., 2020; Mutanga & Kumar, 2019;
Tamiminia vd., 2020). Sentinel-5P, Avrupa Birligi Uzay
Ajansi’nin (European Space Agency/ ESA) yerylizii gozlem
programi olan Copernicus’un uydusudur. TROPOMI cihazi,
Sentinel-5P’nin gaz konsantrasyonlarint 0lgen c¢ok banth
sensoriini ifade eder (URL 6; URL7). Verilerin tamami1 1113.2
metre ¢ozliniirliikte olup, verilerden NOz, SO., CO, HCHO
gazlari mol/m?, ATY ise metre birimindedir. UVAI, ozon
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absorbsiyonun ¢ok az oldugu UV spektral araliginda gergeklesen
Rayleigh sac¢ilmasindaki dalga boyuna bagli degisikliklere
dayali olarak hesaplanir. Bu indeksin pozitif degeri ultraviyole
emici aerosoliin (UVAI) varligin1 géstermektedir (URLS; URL
9; URL10; URLI11; URL12; URL13; URL14;).

Arastirmada TROPOMI’den elde edilen veriler, Igdir merkez
ilcesi ve il genelinde kesilerek ArcMap 10.4 programinda
haritalanmistir. Oncelikle merkez ilge icin diizenlenen veriler,
Principal Component Analysis (PCA) yontemi ile gakistirilmis
ve kirleticiler agisindan riskli alanlar belirlenmistir. PCA, yaygin
olarak kullanilan ¢ok degiskenli dogrusal analiz yontemidir
(Ersungur vd., 2007). Cok sayida ham veri matrisini, birbirinden
bagimsiz olarak az sayida anlamli bilesene indirgemeye imkani
saglar (Tezbasaran & Gelbal, 2018; Yi & Latch, 2022).
Gergeklestirilen indirgeme sonucu yorum yapma imkanini
artirirken, bilgi kaybint minimize etmesi bakimindan da
kullanish bir tekniktir (Jollife & Cadima, 2016). Arastirmada
PCA, ArcMap programinin Principal Components aract
kullanilarak uygulanmistir. Sonrasinda NO., SO., CO, UVAI,
0s, HCHO, ATY, arazi kullanim ve yiikselti parametreleri
kullanilarak Cok Kriterli Karar Verme (CKKV) yontemlerinden
biri olan Best-Worst Metodu (BWM) ile il dlceginde yerlesim
uygunluk analizi yapilmistir. Yontem, en dnemli ve en az 6neme
sahip parametrelerin uzman tarafindan belirlenmesi ve bu iki
kriterin diger kriterlerle ikili karsilastirmasina dayanir (Rezaei,
2015, 2016). Bu asamada belirlenen 9 parametre igerisinden
uzman goriisii ile ATY en iyi, arazi kullanim faktorii ise en koti
parametre olarak belirlenmis ve parametreler ikili karsilastirmaya
tabi tutulmustur. BWM’de tutarlilik orani sifira ne kadar yakinsa,
yapilan karsilastirmalar ayni oranda giivenilir demektir (Badri
Ahmadi vd., 2017). Yontem sonucu tutarlilik oran1 0.091 olarak
tespit edilmistir. Sonucta elde edilen agirlik degerlerine gore
uygun yerlesim alanlart siniflandirilarak haritalanmistir.

3. BULGULAR

Arastirma sahasinda uydu verilerine bagli olarak hava
kirliligine sebep olan alt1 kirletici gaz incelenmistir. Hazirlanan
haritalarda kirletici yogunlugunun en fazla oldugu alanlarin, ilin
yer sekli uzanisi ve yiikselti degerleri ile baglantili oldugu dikkat
cekmektedir. KB-GD uzanigh depresyon ve yiikselti degerlerinin
az oldugu alanlar, hava kirliligin en yogun hissedildigi sahalardir.
Caligma alaninda yillik NO, ortalama degerleri 0.0000125-
0.000032 mol/m”2 arasinda degismektedir (Sekil 4). Daha ¢ok
trafik ve sanayi kaynakli ortaya ¢ikan bu kirletici, merkez ilgenin
kuzeyindeki ovalik alanda en yiiksek degerlere sahipken,
yiikseltinin arttifi giiney bolimde degerler azalmaktadir.

Cogunlukla fosil yakit kullanimi ve tasit emisyonlarina bagl
olarak olusan SO,’nin aragtirma sahasindaki yillik ortalama
degerleri 0.0000219-0.000231 mol/m”2 arasindadir (Sekil 4).
SO, yogunlugunun en fazla oldugu alanlar incelendiginde, algak
ovalik alanlar ve dag eteklerinin daha yiiksek degerlere sahip
oldugu goriliir. Yikseltinin artist  kirletici  yogunlugunun
azalmasinda onemli bir etkendir. Hava kirliligine sebep olan
gazlardan biri olan CO’nun sahadaki konsantrasyon degerleri
0.0207-0.0316 mol/m”2 arasindadir (Sekil 4). Igdir merkez
ilgesinin kuzeyindeki depresyon alani kirliligin en yogun oldugu
bolgedir. Glineydeki daglik sahalara dogru kirletici degerleri
azalmaktadir. Arastirma sahasindaki HCHO degerleri 0.0000708-
0.000131 mol/m? arasindadir (Sekil 4). 1gdir merkez ilgesinde
yerlesmelerin yogun oldugu arazi, degerlerin en yiiksek seviyeye
ulastig1 alandir. Literatiirdeki ilgili calismalar da bahsedilen
topografya ve hava kirliligi arasindaki bu iliskiyi takiben
kirleticilerin merkez ilcenin yerlesmelerinde yogunlasti§ina
dikkat cekmistir (Argun, 2019; Giigiik, 2019; Kog¢ ve Kog, 2018;
Sahin vd., 2020).

Aerosol indeksi troposferik ozon olusumunun &ncii bir
gostergesidir. Artt degerler insan sagligimi olumsuz etkileyecek
diizeyi ifade eder. Merkez ilgenin kurulu oldugu saha ve bu
sahanin KB boliimii aerosol degerlerinin en yiiksek oldugu
alanlardir. Indeks degerleri -1.23, -0.488 arasinda degismektedir
(Sekil 4). Merkez ilgenin tamaminda arti indeks degerlerine
rastlanmamaktadir. Troposferik ozon, diger kirletici gazlarin
atmosferde tepkimeye girmesiyle olusan ikincil kirletici
gazlardandir. Ornegin kara yolu trafiginden kaynakli (NOj,
ucucu organik bilesikler gibi) kirleticilerin, troposferik ozon
olusumuna sebep oldugu bilinmektedir (Yang vd., 2022). Diger
kirleticiler gibi hava kalitesini ve insan sagligini1 olumsuz etkiler.
Calisma sahasinda O3 degerleri 0.1362-0.1394 mol/m”"2
arasindadir (Sekil 4). Kirliligin en yogun yasandig1 alan merkez
ilcenin kuzey boltimidiir. Glineydeki engebeli sahalara dogru O
degerleri azalmaktadir.

Calisma alanina ait aerosol tabakasi yiiksekligi verileri
incelendiginde degerlerin 934-3020 m arasinda degistigi goriliir
(Sekil 5). Merkez ilgenin igerisinde bulundugu depresyonun
kuzey kismmi olusturan ovalik alan, aerosol tabakasi
yiiksekliginin en diisiik oldugu sahadir. Degerler burada 934-
1240 m arasindadir. Bu saha, hava kirliliginin de en yogun
sekilde hissedilecegi noktadir. Merkez ilgenin ortalama
yikseltisinin 850 m oldugu disiiniildiigiinde, kirleticilerin yer
yiizeyi ile yer yiizeyinden maksimum 300-400 m atmosfer
yuksekligi arasinda yogunlasacagi goriilmektedir. Giineydeki
daglik alanlara dogru ise aerosol tabakas1 yiiksekligi artmaktadir.
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Sekil 4: Igdir merkez ilgesine ait y1llik ortalama kirletici degerleri.
Figure 4: Annual average pollutant values of the central district of Igdr.

Aerosol Tabakasi
Yiiksekligi (m)
S| I 2360 - 3,020
[ 1990 - 2,350
[ ]1620-1880 ||
K[ 1,250 - 1,610

Tuzluca

\ [ ] 1§dir Merkez

Hogtihalast
0 25 5 10km TRERTI "

B o34 - 1.240 r

A+ b

Sekil 5: Igdir merkez ilgesine ait y1llik ortalama aerosol tabakasi yiiksekligi seviyeleri.
Figure 5: Annual average aerosol layer height levels of the central district of Igdr.

51



COSKUN, SAHINER, CANBULAT, OZTURK / Cografya Dergisi — Journal of Geography, 2023, 47: 45-59

Kirletici gazlarin  yil  icindeki degisim miktarlar
incelendiginde, literatiirdeki caligmalar1 destekleyecek sekilde
(Altikat, 2019; 2020; Kog¢ ve Kog, 2018); NO,, SO,, O; ve
CO’nun kis mevsimine ait aylarda maksimum seviyeye ulastigi
goriilmektedir (Sekil 6). Sanayi faaliyetleri, 1sinma ve trafikten
kaynakli emisyonlarin bu kirlilikte etkisi biiytliktir. Ancak
arastirma sahasimnin sahip oldugu cografi ozellikler kirliligi
olusturan asil etkendir. Cevresinde yiikselti 5000 m’nin {izerine
¢tkmasina ragmen, [gdir merkez ilgesi 850 m ortalama yiikseltiye
sahip bir depresyon igerisinde yer alir. Kis mevsiminde basing ve
nem degerleri en yiiksek seviyeye ulasir. Yiiksek basing ve
nemlilik havayr daha kararli hale getirerek kirleticilerin
atmosferde yiikselmesini, dolayisiyla kirliligin azalmasini
engeller. Yine kis mevsiminde sicaklik ortalamalarmin eksi
degerlere diismesi, yiikselmeyi saglayacak konvektif atmosfer
hareketlerini sinirlandirir. Kis mevsiminde 0.9 m/s olan riizgar
hizi, en yiiksek oldugu ilkbahar déoneminde 1.4 m/s’dir. Igdir
merkez ilgesine ait ortalama riizgar hizi, Meteoroloji Genel
Midiirliigii’niin verilerinde yer alan Beaufort riizgar 6lgegine
gore en yliksek degere sahip oldugu zaman diliminde bile esinti
kategorisinde yer almaktadir. Bu durum da sehirde olusan

kirliligin dagilisin1 engellemektedir. Sahip olunan iklimsel ve

jeomorfolojik ozellikler, o6zellikle kis mevsiminde olusacak
sicaklik terselmesi (inversiyon) sartlarina zemin hazirlar. Merkez
ilceyi cevreleyen daglik alanlarda asir1 soguma sonucunda
agirlasan soguk hava, depresyon alanina dogru hareket edecektir.
Olusacak bu inversiyon durumunun, konvektif hareketlerin
artacagi ilkbahar aylarina kadar siirmesi beklenir.

HCHO ve aerosol indeksi degerleri ise yaz mevsiminde daha
ylksektir. Bu durum yaz mevsiminde yasanan giines enerjisi
miktarindaki artis ve fotokimyasal siireclerle alakalidir. Ciinkii
HCHO dogal ya da antropojenik olusumunun diginda, artan
ultraviyole miktarina bagli olarak yasanan reaksiyon siiregleriyle
de meydana gelmektedir.

Aerosol tabakasi yiiksekligi, hava kirliligi arastirmalarindaki
en onemli parametrelerdendir. Bunun sebebi gezegensel sinir
tabakas1 olarak ifade edilen, kirleticilerin atmosferde ulasacagi
yaklasik ist sinir1 gostermesidir. Arastirma sahasinda aerosol
tabakasi yiiksekligi, yaz aylarinda konvektif hareketlere bagl
olarak 2000 m’yi agsa da; yilin genelinde 900-1500 m arasinda
degismektedir. Hava kirliliginin daha yogun hissedildigi kis
mevsiminde ise Gist sinir 1000-1100 m’lere kadar diiser (Sekil 7).
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Sekil 6: Igdir merkez ilgesinde kirletici gaz miktarlarinin y1l igindeki degisimi.

Figure 6: Changes in polluting gas amounts in the central district of Igdir during the year.
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Sekil 7: Igdir merkez ilcesinde aerosol tabakasi yiiksekliginin y1l icindeki degisimi.

Figure 7: Change in aerosol layer height in the central district of Igdwr during the year.

4. SONUCLAR

Hava kirliligi cogunlukla insan faaliyetleri sonucunda olugan
ve siiresi uzadiginda saglik agisindan olumsuz durumlarin
yasanmasina sebep olan olaylardandir. Igdir merkez ilgesi,
niifusu fazla olmamasma ragmen bu durumu sik¢a yasayan
alanlardan biridir. Aragtirma, hava kirliligi analizi ve schir
yerlesim uygunluk analizi olmak tizere iki par¢adan olugmaktadir.
Hava kirliligi analizlerinde, Sentinel 5P Tropomi uydusuna ait
NO,, SO,, CO, O3, HCHO, acrosol indeksi ve acrosol tabakasi
yiiksekligi verileri kullanilmistir. Yapilan analizler sonucunda
genel olarak merkez ilgede yerlesmelerin yogun oldugu arazi ve
bu alanin kuzeyindeki ovalik bdlge kirliligin en yogun yasandigi
sahadir. Hazirlanan NO,, CO, O3, aerosol indeksi haritalarinda
bu durum agik¢a godzlemlenmektedir. Yine bu haritalarda
kirleticilerin mekansal dagilisinda, Igdir ilinin i¢inde bulundugu
depresyonun uzanis sekli olan KB-GD yonii dikkat ¢cekmektedir.
Bu benzerlik sahada jeomorfolojik o6zellikler ve kirliligin
mekansal dagilimi arasinda bir iligki oldugunu gdstermektedir.
Yani  jeomorfolojik yapi kirleticilerin dagilimini
yonlendirmektedir. Bu benzerligi kirleticilerin atmosferdeki
dikey dagilisinin yaklasik iist sinirin1 gsteren aerosol tabakasi
yiiksekligi haritasinda da goérmek miimkiindir. HCHO ve
SO,’nin yiiksek degerlere ulastigi alanlarin dagilist ise diger
kirleticilere gére daha homojendir.

Aragtirma sahasinda hava kirliligini yonlendiren ikinci dnemli
etken, iklim elemanlarinin sahip oldugu o6zellikler ve 6zellikle
kis mevsiminde yasanacak inversiyon sartlarina uygun yapidir.
Kuzeybati, sahadaki hakim riizgar yonudiir. Arazideki KB-GD
yonlii uzanig sekli, normal sartlar altinda riizgarin kanalize
olabilecegi bir oluk olusturmaktadir. Ancak Igdir’da yillik
ortalama 1.2 m/s, kis mevsiminde 0.9 m/s ve ilkbaharda ise 1.4
m/s riizgar hiz1 goriilmektedir. Kis mevsimi en diisiik, ilkbahar

ise en yiiksek riizgar hizi ortalamasini ifade eder. Bu iki deger de
diistik riizgar hizi anlamima gelmektedir. Beaufort sikalasina
gore esinti kategorisine karsilik gelir. Yani riizgarin kirliligi
dagitict etkisi ¢ok zayiftir. Bu durumu olusturan etken ise
depresyon alanina genis Olgekte bakildiginda, sahanin hem
Tiirkiye hem de Ermenistan tarafinda yiiksek daglarla cevrili
olmasidir. Benzer sekilde sahanin sahip oldugu jeomorfolojik
ozellikler, iklim elemanlarindan birine etki ederek hava
kirliliginin yasanmasina sebep olmaktadir. Kis mevsiminde
917.8 hPa ile en yiiksek basing degerleri gortiilmektedir. Yiiksek
basing sartlari kirleticilerin atmosferde yiikselerek seyrelmesini,
dolayistyla kirliligin azalmasini engellemektedir. Kig mevsimi
ve aylar igerisinde aralik ay1 % 71.8 nispi nem oraniyla en nemli
zaman dilimidir. Nemlilikte atmosfer kararliligimi arttirdig i¢in
atmosferdeki dikey yiikselisleri sinirlandirir. Yillik ortalama
sicaklik 12.2 °C, kig mevsimi ortalama sicakligi ise -3.3 °C’dir.
Bu sicaklik ortalamalart da kirleticilerin dikey olarak yiikselisini
saglayacak konvektif atmosfer hareketlerini tetiklemekten
oldukca uzaktir. Ozellikle kis aylarinda araziyi cevreleyen
yiiksek daglik alanlarda soguyan havanin ¢okmesiyle meydana
gelen inversiyon olayi, smir tabakasi yiikseltisini azaltarak
kirliligin dagilmasini uzun siire engellemektedir. Inversiyonun
olusumunda da jeomorfolojik 6zellikler temel etkendir.

Hava kirliligine sebep olan gaz yogunluklarinin yil igerisindeki
dagilist incelendiginde NO,, SO,, CO ve O3 miktarlarinin kis
mevsiminde arttigi gdzlemlenmektedir. Bu durum sinir tabakast
yiiksekliginin azalmasina sebep olan iklim sartlar1 ve inversiyon
olusumu ile alakalidir. Nitekim siir tabakasinin yaklasik iist
sinirint - gdsteren  aerosol tabakasi  yiiksekligi konvektif
hareketlerin artt1g1 yaz mevsiminde 2000 m’nin tizerine ¢ikarken,
kis mevsiminde 1000 m’nin altina kadar diismektedir. Bu durum
da hava kirliliginin daha yogun yasanmasina sebep olur. HCHO
ve aerosol indeksi degerleri artan ultraviyole miktarina bagl
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olarak yaz mevsiminde yliksek degerlere ulasmaktadir. Aerosol
indeksi, yaz mevsiminde arti degerler gosterse de genel
ortalamada insan sagligint olumsuz etkileyecek miktara
ulasmamaktadir. Uydu verilerine bagli olarak olusturulan hava
kirliligi risk haritasinda en yiiksek riske sahip olan alan, merkez
ilgenin kuzey boliimiinde yer alan ovalik sahadir (Sekil 8). Genel
olarak topografik 6zellikler ve iklim elemanlarimin y1l i¢erisinde
gosterdigi degisimler, hava kirliliginin arastirma sahasinda
yogun olarak yasanmasina sebep olan temel etkenlerdir.

Aragtirmanin ikinci bolimiini olusturan yerlesim uygunluk
analizinde, sahayaaithavakirliligi parametreleri ve jeomorfolojik
ozellikler kullanilmistir. Yapilan analiz sonucunda kirliligin en
yogun yasandigt ovalik alan ve yiikseltinin ¢ok arttigi daglik
kesimler yerlesmeye uygun olmayan araziler olarak goze carpar.
Yerlesmeye en uygun alanlar ise topografik olarak yaklasik
1000-1500 m yiikselti araligina denk gelen sahalardir (Sekil 9).
Bu sonug yapilan hava kirliligi analizleri ve aerosol tabakasi
yiiksekligi verileriyle ortiismektedir. Sehrin yerlesim alanlariin
ovanin farkli bolimlerine dogru kaydirilmasinda su sonuca
dikkat edilmelidir: Sahanin cografi sartlari, kirliligin yerytiizii ile
belirli yiikseltiler arasinda sikismasina sebep olmaktadir.

Ovalik alan iizerinde kurulacak her yerlesimin insan
faaliyetlerine bagli olarak agiga ¢ikaracagi gazlar, zamanla su
andaki yerlesim alaninin yasadigi kirlilik sorununu doguracaktir.

Ciinkii sahada yasanan kirlilik, sahip olunan jeomorfolojik
ozellikler ve iklim elemanlarmin yapisina bagli olarak
olugmaktadir. Bu cografi etkenler; oOzellikle kig aylarinda
yasanan inversiyon, gezegensel sinir tabakasi ve aerosol tabakast
ylksekligini 1000-1100 m ile sinirlandirmaktadir (Sekil 10). Bu
nedenle kirli hava kis mevsiminde, Igdir merkez ilgesinin
ortalama yiikseltisi olan 850 mile 1100 m arasinda sikigmaktadir.
Olast bir sehir yerlesim plani degisikliginde, yerlesim alanlarinin
en azindan inversiyon ve aerosol tabakasi yiikseltisinin iist sinirt
olan 1100 m fiizerine kurulmasi sahip olunan cografi 6zelliklere
daha uygun olacaktir.

Benzer bir durum yaklasik B-D uzantili bir depresyon
icerisinde yer alan Karabiik il merkezinde de goriilmektedir.
Onemli bir demir-celik sanayi sehri olan Karabiik, kis
mevsiminde yasanan inversiyon sebebiyle hava kirliligini yogun
olarak yasamaktadur. insanlar imkanlar1 6l¢iisiinde yerlesmelerini
yiikseltinin daha fazla oldugu Safranbolu ilgesi yoniine tasiyarak
hem kirlilik alanindan mesafe olarak uzaklasmakta hem de bu
sayede inversiyon tabakasmin listiine ¢ikarak hava kirliligine
daha az maruz kalmaktadir.

Sonu¢ olarak, cografi sartlar belirli doga olaylarmin
yasanmasina sebep olur. Heyelan, deprem, sel gibi doga olaylar1
geemisten gilinlimiize siirekli yasanmaktadir. Hava kirliligini
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Sekil 8: Uydu verilerine bagli olarak olusturulan hava kirliligi risk haritast.
Figure 8: Air pollution risk map created based on satellite data.
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Sekil 9: Igdir iline ait yerlesim uygunluk analizi.

Figure 9: Settlement suitability analysis of the province of 1gdur.
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Sekil 10: Igdir’da kis mevsiminde olasi inversiyon ve aerosol tabakasi ytikseltisi {ist sinir1.

Figure 10: The upper limit of possible inversion and aerosol layer elevation in Igdwr in winter.

yonlendiren inversiyon ve gezegensel sinir tabakasinin olusumu
da bu dogal siire¢lerdendir. Dikkat edilmesi gereken durum,
yasam ve faaliyet alanlari belirlenirken cografi sartlarin
olusturacagi riskleri 6nceden tespit etmek ve en dogru sekilde
davranmaktir.

5. TARTISMA VE ONERILER

Giliniimiizde niifus artisina baglh olarak, sanayilesmis olsun
ya da olmasin, sehirler ozellikle kis aylarinda hava kirliligi
sorunu yasamaktadir. Riizgarlar yatay hava hareketleriyle,
1sinmaya bagli konvektif yiikselimler ise dikey hava akimlariyla
hava kirliligini azaltmaktadir. Ancak Igdir ili gibi belirli
jeomorfolojik ve klimatik dzelliklere sahip alanlarda, kirliligin
azalmasini saglayan bu dogal siiregler sekteye ugrayabilir.
Inversiyon dikey hava akimlarini, yer sekilleri ise riizgar hizini
ve yoniinii etkileyerek havakirliliginin daha yogun hissedilmesine

sebep olur. Yer istasyonu ol¢limleri ve uydu gézlemleriyle hem
hava kirliligini olusturan gazlarin hem de iklim elemanlarinin
takibi yapilabilmektedir. Hava kirliligi parametreleri ile iklim
elemanlarmin birlikte takibi, yasanan sorunun sebeplerinin
dogru teshisine olanak saglayacaktir. Ozellikle uydu verileri
genis alanlarda noktasal ve alansal yogunluk-dagilisin kisa
stirede tespit edilmesine imkan tanir. Bu nedenle yapilacak her
tirlti arastirmaya daha fazla dahil edilmesi gerekmektedir. Bu
veriler, yer istasyonu dl¢limleriyle yapilan analiz ve ¢aligmalara
dogruluk karsilastirmast imkan1 da sunmaktadir. Bazi veri
tirlerinde bulutlu giinlerin veri kaybima sebep olmasi, zaman
araliklarindaki simirliliklar, aragtirmalart olumsuz etkilese de
sagladigi genis veri kiitiiphanesi problem yasanan her alanda
yapilacak bilimsel arastirmalara kaynak olusturmaktadir.

Arastirmanin alan kapsamuyla ilgili literatiir incelendiginde
(Altikat, 2019), Igdir ilinde meteorolojik verilerle iligkili PM 10
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karakteristikleri ¢alismasinda, bir yillik siiregte meteorolojik
parametrelerin PM 10 degisimleri iizerindeki etkisini mevsimsel
olarak incelemistir. Kis ve sonbaharda hava basinci ve riizgar hizi,
ilkbaharda nem ve riizgar yonii, yaz mevsiminde riizgar yonii ve
riizgar hizinin PM 10 dagilisin1 en fazla etkileyen iklim elemanlar1
oldugunu tespit etmistir. Sonbahar ve kis mevsimlerinde PM 10
miktarlarinin daha fazla olmasi aragtirmanin diger bulgularindandir.
PM 10 miktar1 ve diger atmosfer kirleticileri arasindaki iligkiyi
inceledigi diger bir ¢alismasinda (Altikat, 2020), Igdir’da ki ve
sonbaharin yine hava kirliliginin en yogun yasandigr mevsimler
oldugunu tespit etmistir. NO,, NO, NO, kirleticileri PM 10 ile en
yiiksek korelasyona sahip gazlardir. Bu iki ¢aligma arastirmanin
hava kirliliginin ki mevsiminde daha ¢ok yasanacag, riizgar hizi,
atmosfer basinci gibi meteorolojik parametrelerin sahada yasanan
kirlilik iizerinde etkili oldugu bulgularini desteklemektedir. Gligiik
vd. 2019, Igdir’da 2014-2019 yillart arasinda saatlik PM 10
degisimini  inceledikleri  arastrmalarinda  topografik  ve
meteorolojik o6zelliklerin PM 10 yogunlugu tizerinde etkili
oldugunu ve aksam saatlerinde yogunlukta artislar yasandigini
dile getirmislerdir. Argun vd., 2019; Igdir’da topografya, iklim
ozellikleri, sehirlesme ve ulasimin hava kirliligi tizerindeki etkisini
incelemislerdir. Kent yerlesiminin ovalik alan {izerinde yanlis bir
yayilim gosterdigi, sanayi, ulasim ve yerlesmelerden kaynaklanan
hava kirliliginin topografik engellerden dolayr dagilamadigi, kis
mevsiminde hava kirliliginin inversiyon olusumu sebebiyle en
yiiksek seviyeye ulastigi, PM 10 diizeyinin ulusal sinir seviyesinin
¢ok tizerinde oldugu, yillik ortalama 1.2 m/s olan riizgar hizinin
kirliligi dagitacak seviyede giice sahip olmadigi arastirmanin
o6nemli bulgularindandir. Kog ve Kog, 2018, Igdir’da hava kirliligi
ve iklim parametreleri arasindaki iliskiyi inceledikleri
caligmalarinda fosil yakit kullanimina bagli olarak artan SO,
miktart ve sicaklik, riizgar hizi, riizgar yonii, nem arasindaki
baglantilar1 ortaya koymuslardir. Arastirmaya gore, ki mevsimi
hava kirliliginin en yogun yasandig1 zaman dilimidir. Topografik
faktorler ve arazi kullanimi hem hava kirliligini hem de iklim
elamanlarmi etkilemektedir. Igdir’in etrafi daglarla g¢evrili bir
depresyon igerisinde yer almasi kirliligi artirmaktadir. Sicakliklarin
artmaya bagladig1 ilkbahar aylariyla birlikte hava kirliligi
azalmaktadir. Sicaklik, bagil nem ve hava basinci partikiil madde
miktar ile yakin iliskilidir. Riizgar hiz1 ise kirliligin dagilisinda
onemli bir faktordiir. Ayrica yerlesim alanlarinda yapilan binalarin
rliizgar hizint azalttigi i¢in hava kirliliginin artigina sebep oldugu
dile getirilmektedir. Yapilacak binalarin riizgdr koridoru
olusturacak sekilde insa edilmesi arastirmanin 6nerileri arasindadir.

Sahin vd., 2020, Igdir’da hava kirliligi sorununu ¢ok kriterli
karar verme yontemiyle ele aldiklar1 calismalarinda; yer
istasyonu verilerini kullanarak ilgeleriyle birlikte il merkezinin

hava kalitesi 6zelliklerini degerlendirmislerdir. Aragtirmaya gore
il merkezi kirliligin en yogun yasandigi alandir. Sicakliklarin
azalisi kirliligi artirmaktadir. Ayrica diislik riizgar hizi ve riizgarin
oniine engel olusturan binalar kirliligin alandan uzaklagsmasini
olumsuz etkilemektedir. Ko¢ ve Kog¢ 2018, arastirmasinda
oldugu gibi bu arastirmada da bina yapiminda riizgar gegislerini
saglayacak koridorlarin olusturulmasi 6nerilmektedir. Ozellikle
sisli ve durgun hava sartlarinda asirt nemli havanin SO, nin
H,S0,4’e doniismesine imkan saglayacagi, bu durumun ise hava
kalitesini daha da diisiirecegi dile getirilmektedir. Alan yazindaki
calismalar, genel olarak sanayi faaliyetleri ve yerlesmelerin
olusturdugu hava kirliligi {izerinde iklim sartlarinin ve
topografyanin onemli etkisi oldugu iizerinde durmaktadir.
Topografik sartlarin da iklim elemanlarin1 yonlendirdigi dile
getirilmektedir. Sehir yerlesim planlarinin topografya ve iklim
parametrelerine uygun olarak planlanmast ortak Oneriler
icerisinde yer almaktadir. Literatiirdeki Onerilere ek olarak,
ozellikle kis mevsiminde yogun hava kirliliginin yasandigt
zaman dilimlerinde kirlilige sebep olan kaynaklarin (iiretim
alanlari, fosil yakit kullanimi vb.) denetimli kullaniminin
saglanmasi ve halkin bu konuda bilgilendirilmesi gerekmektedir.
Risk diizeyinin yiiksek oldugu yerlesim alanlarinda ve 6zellikle
yogun kirliligin yasandig1 giinlerde onleyici saglik tedbirlerinin
alimmas1 yasanilacak sorunlari azaltacaktir. Ayrica dogalgaz
kullaniminin il genelinde tesvik edilerek, buna bagl alt yap1
calismalariyla yayginlastirilmasi dnerilmektedir.

Yapilan bu ¢alisma, cografi &zellikler agisindan alan
yazindaki arastirmalarla bazi ortak bulgulara sahip olsa da;
kirleticilerin atmosferdeki dikey dagilisinin tahmini ve yerlesim
alanlarmin segimi konularinda literatiire fayda saglayacaktir. il
genelinde yapilan yerlesim uygunluk analizi sonuglarinin,
ilerleyen yillarda yapilacak olasi yerlesim planlamalarina katki
yapacagi diistiniilmektedir.
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ABSTRACT

In this study, the development processes of Soganli, a suburb (a peripheral neigborhood) of the city of Bursa, and Kanalboyu Street, which is located
between the Soganli, Cirishane, and Ciftehavuzlar neighborhoods, were examined as a heterotopic place of escape, given that it corresponds to the
concepts of heterotopia and escapism. In the first part of this article, the concept of heterotopia is examined; the heterotopia concepts of Michel Foucault
and Henri Lefebvre and the third space mooted by Edward Soja and Kevin Hetherington’s “counter-hegemonic spaces” are evaluated along with the critical
views of several authors, and halaza as an original Turkish concept is highlighted. In addition, by examining the meanings that Yi-Fu Tuan attributed to the
concept of escapism, it is argued that Kanalboyu Street is a breathing space for those attempting to escape from the oppressive atmosphere of the
surrounding neighborhoods. Kanalboyu Street, the subject of our research, was considered a heterotopic escape place and was chosen as a case study. In
the second part, the process of Kanalboyu Street’s emergence, which is the subject of the research and was chosen as a sample for the heterotopic escape
space, is examined. The process of being occupied by the suburb of Soganli, a village near Bursa City, and the current functional characteristics of Kanalboyu
Street, which was formed by a stream passing through the village’s land are described. While preparing the study, a descriptive survey model, a qualitative
research method were used. The research data were obtained through a review of the relevant literature, long-term field observations, interviews, and
mapping. The conclusion states that opening up a wide street in the unplanned and irregularly developed areas of cities can significantly improve the lives
of residents.

Keywords: Heterotopic, Escapism, Bursa City, Kanalboyu Street

oz

Bu calismada Bursa sehrinin bir kenar mahallesi olan Soganli'nin gelisim stiregleri ile bu mahalle ile Cirishane ve Ciftehavuzlar mahalleleri arasinda yer alan
Kanalboyu'nun, heterotopya ve kacis kavramlarina karsilik gelebilecek bir mekéan oldugu disiiniimis ve bu dogrultuda heterotopik bir kagis mekani olarak
incelenmistir. Yazimizin ilk bolimiinde heterotopya kavrami lzerinde durulmus, Michel Foucault'nun ve Henri Lefebvre'in heterotopya kavramlariyla
Edward Soja’nin t¢lincli mekani ve Kevin Hetherington’un, “karsi hegemonik alanlar”i bazi yazarlarin elestirel bakislariyla birlikte degerlendirilmis ve Turkge
0zglin bir kavram olarak “halaza"ya vurgu yapilmistir. Ayrica Yi-Fu Tuan'in kacis kavramina yikledigi anlamlar irdelenmis ve bu acidan Kanalboyu’'nun cevre
mabhallelerin kasvetli atmosferinden kacarak ferahlamaya calisanlarin bir nefes alma alani oldugu degerlendirilmistir. ikinci bélimde, arastirmamiza konu
olan ve heterotopik kagis mekani icin bir 6rneklem olarak tercih edilmis olan Kanalboyu'nun ortaya ¢ikis stireci incelenmistir. Bursa sehrine yakin konumdaki
bir kdy olan Soganli'nin sehir tarafindan kapilma stirecleri ve bu kdyiln arazisinden gecen bir dere kenarinda sekillenen Kanalboyu'nun bugtinkd islevsel
ozellikleri tanimlanmistir. Calisma hazirlanirken nitel arastirma yontemlerinden betimsel tarama modeli kullanilmistir. Arastirma verileri ise nitel arastirma
yontemlerinden, literatlir taramasi ve sahada yapilan uzun sireli gézlem, gortisme ve haritalama calismalari ile elde edilmistir. Sonug¢ bélimiinde de
sehirlerin plansiz-diizensiz gelismis kesimlerinde genis bir cadde acilmasinin bu ¢evrede yasayan insanlarin hayatlarini cok yonlii olarak kolaylastirabilecegine
dikkat cekilmistir.
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EXTENDED ABSTRACT

Postmodernity is characterized by an emphasis on heterogeneity, uniqueness, and difference. Geography, which has studied spatial
differences since its inception, also offers a postmodern perspective. Michel Foucault, a pioneer of postmodernism, favored the application
of difference, fragmentation, and discontinuity, the use of multiple forms of analysis, micro-analysis interwoven with macro-analysis,
and pure thought combined with precise historiography analysis. Foucault developed the concept of “heterotopia” by asserting that space
has a heterogeneous structure. Various scholars have interpreted this concept differently, and some criticisms have been made. Heterotopia,
which Foucault uses to describe the escape and emancipation of the body from the hegemonic order, is a place for those who do not
readily adapt to predetermined structures. It offers alternative spaces in a society that lives in conformity. Within heterotopias, there are
also contradictions and conflict. “Halaza spaces” that emerge and find the opportunity to develop in socially disordered environments
that emerge with the loss of the effect of existing rules and norms during disintegration, transition, or rapid change, are also a form of
heterotopia. They are independent and disconnected free spaces that develop outside the control of sovereign powers. They are highly
reflexive, more resistant and durable, and always open to change and transformation because they do not develop under someone’s
control. reflexive

Soganlt was a village located 5 km north of the city center of Bursa, and it was incorporated into the city in 1984 as a neighborhood.
In 1935, Tabakhaneler Region settled on the land of Soganli village, and in 1938, the Siimerbank Merino Wool Industrial Weaving
Factory was established. However, the expansion of the city toward the lands of this village began with the opening of the intercity bus
terminal in 1961 at the location of the current Bursa City Square and the development of the automotive industry site in Gaziakdemir
District. The Tuna, Cirishane, and Fatih neighborhoods began to take shape with the unplanned urbanization that began in the 1970s with
Kiipliipmar and spread along the Yalova Road. With the development of Alemdar and Ciftehavuzlar in the 1980s, Soganli village became
a part of the city, and in 1984, the remaining parts of the village were incorporated into the municipal boundaries. Our research focuses
on Kanalboyu Street, which was developed from the mid-1970s to the 1990s along the Cilimboz Creek that flows through this village.
Just after the construction was completed in 2009, hedge plants and trees were planted along the creek’s walls, which were incorporated
into the canal. Consequently, the creek in the middle of the street has been altered into a park. Neighborhoods on both sides of the street
consist of houses on rather narrow, unpaved streets lined with irregular structures. When vehicles are parked on these narrow streets, it
becomes impossible for both vehicles and pedestrians to move. On both sides of Kanalboyu Street, the population density in an area of
1 decare is 35 people per square meter. In other words, 55,000 individuals reside 500 meters east and west of the street. We can think of
Kanalboyu Street, the part of the city that spontaneously developed in an irregular and unplanned manner—a spontaneously unplanned
irregular heterotopic escape area—as a breathing space, a corridor for the people trapped in this congested section of the city.

In 21st-century urban areas, escaping reality requires shifting away from settled or everyday environments and moving closer to the
outdoors and nature. Our research area, Kanalboyu Street, is where those who try to escape the mundanity and gloom of the surrounding
neighborhoods come to rest and relax. Additionally, they can indeed find almost everything they need in the shops that line the street,
and they can buy more cheaply, freely, and outdoors. Kanalboyu Street is not only a place to breathe, relax, and spend time but also marks
the connection between the inhabitants of this neighborhood and the rest of the world. In other words, the most important function of
Kanalboyu Street is that it serves as a transportation corridor, allowing residents to access nearly all parts of the city. Another key
function of Kanalboyu Street is that, as a commercial area, it meets nearly all the needs of a medium-sized city and provides shopping
opportunities, as nearly all types of commerce and workplaces are located along the street. Moreover, cultural and health functions are
provided by educational and medical institutions and workplaces located on and around the street. When analyzing the functional
characteristics of Kanalboyu Street, we find that, despite its location on the periphery of a big city such as Bursa, its business and
commercial areas can meet nearly all the basic needs of the surrounding population, as if it were the center of an independent settlement.
This situation reveals a heterotopic structure in which a significant element of the city’s functions is carried out outside the central
business district.

In the neighborhoods on both sides of Kanalboyu Street, there is a heterogeneous population consisting of the residents of the old
Soganl village, the majority of whom are from Bursa districts, and those from almost every other region of the country, particularly the
Balkans, Eastern Anatolia, and the Black Sea provinces. It is possible to draw important inferences about the identity, culture, and ties of
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the places where these people originated based on the place names constructed by people from various locations. From this perspective,
examining the names of Kanalboyu Street’s workplaces affords highly meaningful results.

With the expansion of Bursa City toward the plain, Kanalboyu Street, formed by unplanned irregular construction along the Cilimboz
Creek, which joins the Niliifer Stream, is an alternative space that shares the functions of the central business district. It is a place of
sanctuary for those who feel stressed by the city’s irregular and extremely narrow streets, its unplanned development, and its haphazard
buildings. It also serves as a highly active transportation corridor and a significant entertainment district for locals. With these
characteristics, the area has emerged as a heterotopic escape territory.
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1. GIRIS

Cografya, insanin i¢inde yasadigi dogal ve kiiltiirel ortami
bir biitiin halinde inceleyen, mekanlar arasindaki benzerlik ve
farkliliklar1 ortaya koyan bir bilim dalidir. Fakat mekanlar
arasinda benzerliklerden ziyade farkliliklar 6n plana ¢ikmaktadir.
Yani cografyanin asli goérevi mekansal farkliliklart olusturan
Ogeleri bulup ortaya ¢ikartmak, onlari tanimlamak ve tanitmaktir.
Postmodern bilgi farkliliklara karsi duyarliligi artirmistir.
Postmodernligin temel o6zelliklerinden birisi, heterojenlik,
biriciklik ve farklilik tizerindeki vurgusudur. Cografyada eskiden
beri hep dnemli olan “alansal farklilik” bu bilim dalinin bastan
beri postmodern bir anlayisa sahip oldugunu gostermektedir.

Postmodern diisiiniirler, geleneksel sosyal bilimlerin
“toptanlastiric1” tavirlarina, her seyi biitlinlestirme arzularina
Farklilik
postmodernizm, toplumsal yasamin “kiiresel bitiinlik”

karst  ¢ikarlar. anlayist  lizerinde odaklasan
sergiledigi diisiincesini reddeder ve birbirine bagimliligi
yadsimamakla birlikte, giinliik yasamimizin otomatik bir sekilde
yonlendirilmesine de karsidir. Postmodernizmin 6nciisii kabul
edilen Michel Foucault (1926-1984) tiim calisma hayati boyunca,
baskici,  diisiinceyi  totaliterlestirici  olarak  gordiigii
“farklilig,

parcalanmisligi ve kesikliligi, tek basina olan gergeklerden daha

modernlesmeye diigmanca bir tavir almis,

¢ok, ¢oklu ¢oziimleme bigimlerini, makro-¢oziimlemeyle 6riilmiis
mikro-¢oziimlemeleri, kesin tarihsel incelemelerle karismis saf
diisiinceyi” tercih etmistir (Peet, 1998’e atfen Ozgiic-Tiimertekin,
2010: 320). Kisacasi Foucault, arastirmaya tabandan yaklagimi
yani, —gilinlik yasam ve yerel algilar iizerinde odaklagmayi—
desteklemistir. Michel Foucault, 1967°de Tunus’ta “Des Espaces
Autres” (Oteki Mekanlara Dair) baslikli konferansta sundugu,
ancak 6ldiigii y1l olan 1984’de yayinlanan yazisinda, “I¢cinde
yasadigimiz, bizi kendi disimiza ¢eken, ozellikle yasamimizin,
zamammizin ve tarihimizin erozyona ugradigi mekdn, bizi
kemiren ve agsindiran bu mekan, heterojen bir mekdndir.”
(Foucault, 2014: 294) diyerek mekanin heterojen bir yapisi
oldugunu vurgulamig ve ‘heterotopya’ kavramini gelistirerek
bunu alt1 temel ilkeye dayandirmistir. Foucault’un heterotopya
yaklagimi pek ¢ok arastirmaya konu olmus ve iizerinde cesitli
tartigmalar yasanmistir. Bu aragtirmada heterotopya kavramu,
orneklem olarak belirlenen arastirma alani1 6zelinde yorumlanarak
elde edilen sonuclar ortaya konulmustur.

1.1.Farklihigin Yeri: Heterotopya

Heterotopya, antik Yunancada diger, farkli, éteki anlamima
gelen “hetero” ile yerler anlamina gelen “topia” kelimelerinin

99 <

birlesiminden olusmakta ve “farkli yerler”, “teki yerler”, “diger
yerler”, anlamma gelmektedir. Heterotopya aslinda cogul bir
isimdir, fakat pek c¢ok kaynakta tekil bir isim olarak
kullanilmaktadir. Daha bilindik olan iitopya ve distopya tanimi
iizerinden yaklasacak olursak, iitopya her seyin iyi ve ideal
oldugu; distopya her seyin kotii oldugu; heterotopya ise seylerin
farkli oldugu yer anlamina gelmektedir (Cavdar, 2018). Ayni
kokenden tiireyen heterotopi ise tibbi alanda kullanilmakta ve
bir doku ya da organin olmas1 gereken yerin diginda bir yerde
ortaya ¢ikmast durumunu ifade etmektedir. Yani, 6zgiin yerinde
olmayan dokular i¢in kullanilir. Nedeni bilinmeyen bu
aykiriliklar bir bozulmusluga ya da islemeyen bir yapiya yol
acmadig1 gibi, bedenin isleyisini de bozmaz (Sohn, 2008). Fakat
Michel Foucault heterotopyalari, toplumsal diinyanin bir
kismimin var olandan degisik bir “O” bigimde diizenlendigi; bu
farkli diizenlemenin onlara Gteki imi yiikledigi yerler olarak
tamimlar. Foucault’a gore heterotopya, higbir kategoriye
uymayan, giindelik hayatin askiya alindigi, ayriksi yerlerdir ve
bir yerde konumlansalar bile ger¢ek bir yerleri yoktur. Biitiin
tekinsiz kategorileri bir arada barindirirlar ve toplumlarin tirettigi
ama asla ¢dzemedigi celiskileri ortaya sererler. Heterotopyalar
rahatsiz edicidirler; dilin altin1 gizlice oyarlar (Foucault, 1984).
Foucault, heterotopya kavramini daha tanimli kilmak adina
heterotopyalarin bazi degiskenlerini, 6zet olarak ortaya koymakta
ve heterotopyalarin ayirici niteliklerine iligskin olan degiskenleri
alt1 baslikta toplamaktadir. Foucault’nun heterotopya igin
belirledigi bu alt1 ilkeden ii¢iinciisii, birbiriyle bagdasmayan ¢ok
¢esitli alan ve mekanlarmn ortiistiiriilmesiyle bir sekilde diizenleri
degistiren tek ve ger¢ek mekan olusturma, altincist ise islevsel
olarak toplumdaki diger alanlarla yakindan iligkili olmaktir
(Foucault, 2014). Bu iki ilkede ifade edilen nitelikler bizim
inceledigimiz alana daha wuygundur. Fakat Foucault’nun
heterotopik mekanlari var olan diizen ile ¢atisan mekanlar olsalar
da, icinde eylemsellik barindirmayan duragan mekanlardir.
Bizim inceledigimiz mekan ise giindelik hayatin akiskanligi
icinde hareketli ve degisim-doniisiim i¢indeki yerlerdendir.

Foucault heterotopya kavramiyla, halihazirda var olan
toplumsal siireglerle temasi, i¢indeyken otekilik, baskalik ve
dolayisiyla alternatiflerin bulunabilecegi mekansal iiretimler
sunmaktadir. Heterotopya, farkli yerleri, kiiltiirde bulunabilecek
gercek mekanlarin ve diger tim gercek mekanlarin ayni anda
temsil edildigi, tartigildig1 ve tersine gevrildigi, etkin bir sekilde
yasallastirilmis bir tiir titopyay1 temsil eder. Ancak Foucault’nun
heterotopyalari, egemen gii¢lerin “planli/diizenli” miidahalesinin
sonucunda diizen dist kalmis mekanlar1 kapsar. Toplumsal
mekanin diizenini bozan, disiplin disinda kalan bu yerler,
farkliligin  mekanini, o6tekinin alanini, yine egemen giigler
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tarafindan belirlenen sinirlar iginde tanimlar (Stavrides 2016:
151). Foucault’ya gore bu tiir mekanlarin tarihi bize mekansal
bicimlerin radikal anlamda farkli toplumsal siirecglerle nasil ve
hangi yollardan iliskilendigini; bunlarmn toplumun ve onun
iitopik panzehirlerinin tipik olarak tutundugu bagdasikligini
nasil bozdugunu gosterir (Harvey, 2008: 227). Dolayistyla bireyi
hayal giicinden yoksun birakan her tiirlii dnceden belirlenmis
kalip ve yapinin karsisinda otekilik, baskalik ve farkliligin
diisiinsel ve bigimsel olarak farkindalik yarattigi her durumda
heterojen mekanlarin bir temsili olarak heterotopya toplumsal
stirecleri mekansal bicimlerde doniistirme mantigr ile
olusturulmustur. Bu “farkli sey”in bilingli bir plandan dogmus
olmasi sart degildir; insanlarmn salt yapip ettikleri, hissettikleri,
duyumsadiklar1 ve giindelik yasamlarindaki anlam arayisinin
pargast olarak ifade ettikleri seylerden dogar. Bu tiir pratikler her
yerde heterotopik mekanlar iiretir (Harvey, 2013: 38).

Foucault’nun heterotopyay1 sadece kurumsal baski mekanlari
igerisinde incelemis oldugunu, ancak, cografi bir hassasiyetle
heterotopya kavraminin genellestirilmesi i¢in, kentsel diyalektik
icerisinde incelenmesi gerektigini savunan Harvey, Foucault’nun
heterotopyalarini duragan ve kisir olarak degerlendirir. Ona
gore, Foucault sadece orgilitlenmis kurumsal baskinin mekanlari
iizerinde yogunlasarak, ileri siirdligii goriisiin genellenebilirligini
zayiflatir  (Harvey, 1997). Bu noktadan hareketle Henri
Lefebvre’in alternatif heterotopya kavramini onciiller. Lefebvre
heterotopyalart farkliligin, kuralsizlik durumunun, potansiyel
doniisiim siireglerinin mekani olarak goriir, onlart diyalektik bir
sehirlesme  diisiincesinin  igine yerlestirir. Lefebvre’deki
heterotopi tanimu ile tipta kullanilan “heterotopi” terimi arasinda
bir benzerlik bulundugu savunulabilir. Olagan diizenin disinda,
tipik olmayan yerlesim anlamina gelir. Bu tanim Foucault’dan
¢ok, Lefebvre’in tanimina yakindir. Foucault’nun anlayisindaki
“heterotopya” bir “yerinden olmusluk”tan (dislocation) ¢ok
“konumsuzluk™ (no-location) tarifler; hatta 6tekinin istenmeyen
konumlanigt hakimdir; bu bi¢im tabanli degil, icerik tabanli bir
durumdur. Halbuki Lefebvre’in heterotopi kavrami tamamiyla
bir yerinden olmusluk durumuna denk diiser; planlanmis olanin
Otesine gecen, olaysallik barindiran mekansallagmadir (Cavdar
2018: 947). Lefebvre’e gore schirsellik bir sistem degildir.
Ciinkii bicim ve igerik birbirinden bagimsiz hareket eder.
Sehirsellik ne bir sistem ne bir nesne ne de bir 6znedir; Lefebvre
i¢in sehirsellik, sadece merkezilik ve ¢ok-merkezilik tarafindan
kurulan bir bigimdir. Sehirsel bigim icerisinde “icerik” diyalektik
olarak yer alir. Bununla birlikte sehirselligin bi¢imi bir sekle

sahip degildir, o bigimsizdir, ¢linkii sonsuzdur (Lefebvre, 2003:
119). Heterotopi de bicimsizdir, c¢iinkli potansiyel olarak
degisebilir karakterdedir. Heterotopi, tek bir bigime sahip
olmaktan ziyade bir akiskanligi tarif eder; 6tekiligin ve farkliligin
sehirsellige sizma egiliminde ve akiskanlik igerisinde bir
devinime sahip oldugunu belirtmek gerekir. Ayrica Foucault
heterotopyalart iitopyalar ile karsilastirirken Lefebvre “izotopi”
ile karsilastirir. Lefebvre’nin izotopi olarak bahsettigi mekanlar,
ayni olanin, yakin diizenin mekanlaridir. izotopik mekanlar,
egemen ideolojinin iglemesine ve gelismesine izin veren
“tahakkiim mekanizmalar1” olarak kullanilan alanlardir.
Heterotopiler ise hem diglanmis hem de i¢ ice girmis olan, 6teki
yer ve Otekinin yeri, uzaklardaki diizendir. Heterotopi, 6tekinin
yeridir, farklilik ve cogulluktur; tipki sehirsel yasam gibidir.
Kamusal yasamin disinda degildir, sehrin yapisina karigmistir
(Lefebvre, 2003: 37-38). Lefebvre bu tiir alanlara 6rnek olarak
parklari, meydanlar1 ve kavsaklart verir, Halbuki Foucault’nun
ornekleri; hapishaneler, huzurevleri, miizeler, kiitiiphaneler,
mezarliklar... dir. Lefebvre, heterotopiyi sehir hayatinin siradan,
glindelik rutiniyle harmanlar. Ona goére heterotopi, bir nevi
“anomi”dir.!  Anomik  gruplar, heterotopik = mekanlart
sekillendirirler, giindelik ve siradan goriinenin ardinda bu
mekanlar araciligiyla ani ve hizli degisimler yaratabilirler
(Lefebvre, 2014: 123). Bu mekanlar, metadan arindirtlmistur,
onu iireten failler tarafindan yasamin yeniden iretimi igin
sahiplenilmistir. Bu calisma, Foucault’nun disiplin toplumuna
ve mekanlarina sikistirdigt heterotopyayr sehirsel giindelik
yasamin i¢ine katmaya calisan Lefebvre’in heterotopisinin daha

iyi anlagilmasini saglayacak bir vaka sunumudur.

Otekilestirme icin iigiinciilestirme kavramma vurgu yapan
Edward Soja, Foucault’nun heterotopyasini, kendi iiciincii
mekan formiilasyonunda, Foucaultcu yaklagima kesinlik ve
tanim getirmenin bir yolu olarak tartisir. Soja’nin ii¢lincli mekan
(thirdspace) anlayisi, Lefebvre’in mekan ti¢lemesinin (spatial
triad) ve Foucault’nun heterotopya kavramin giincellenmis
seklidir de denebilir. Soja’nin birinci mekan ile ifade ettigi,
genellikle cografyacilarin daha ¢ok maddi ogeler ile ifade
ettikleri mekana karsilik gelir. Bir anlamda Lefebvre’in mekansal
pratik dedigi, maddilesmis iliski ve uygulamalar birinci mekéana
karsiliktir. Yani sehir hayatinin haritalandirilabilir alan1 icindeki
bigim ve dgeleridir. Ikinci mekan ise, mekan hakkindaki fikir ve
diisiincelere, yani Lefebvre’in mekanimn temsilleri ve temsilin
mekanlar1 olarak adlandirdig1 soyutlamaya karsilik diiser. Buna
gore sehirsel mekan, mekan hakkindaki zihinsel haritaya, yani

1 Anomi, dagilma, gegis veya hizli degisme donemlerinde mevcut kural ve normlarm etkisini kaybetmesi ile toplumu kucaklayan yeni kural ve normlarin ortaya
¢ikmamasi yiiziinden meydana gelen bosluk, kuralsizlik, normsuzluk, kanunsuzluk. Yani, hangi normu izleyeceklerini bilemez hale gelen bireylerin biitiinlesmelerini

giderek imkansizlastiran bir toplumsal diizensizlik ortamidir (Tolan, 1981).
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sehir imgesine karsilik gelir. Soja’nin {igiincli mekan anlayisi ilk
ikisini i¢ine alan bir yontemin sonucudur. Kendi ifadesiyle, “

birinci ve ikinci mekdanci bakis acisini icine alan, mekdanin insani
tiretimini farkli bir diigiinme tarzi olarak, fakat aym zamanda
cografi imgelerin karmasikligindan bahsetmek. Bu alternatif
tictincii bakis agisinda gehrin mekdansal ayrintilari, “yasanan

s

mekdn” olarak bir yandan yapilagmis bireyin, diger yandan
kolektif deneyimin ve eylemin yeri olarak arastirilir” (Soja,
2000: 12’ye atfen Yildirim, 2015: 1304). Uciincii mekan anlayis,
tarihsel ve sosyal olarak yasadigimiz beserl cografyanin
anlagtlmasinin iyi bir yoludur. O bu yaklasimi Marksist
cografyanin sosyal olanin mekana iistiin tutulmasini elestirmek
i¢in ele aldigini belirtir. Bu amagcla sinifin mekani oldugu kadar
mekanin da smifi sekillendirecegi, sosyo-mekansal diyalektik
(socio-spatial dialectic) iliski ve siiregler yapilagmasi diistincesini
gelistirir (Y1ldirmm, 2015: 1305). Ugiincii mekan: “tiim geleneksel
mekansal diisiinme tarzlarina dogrudan meydan okurcasina,
anlam ile metin arasindaki iliskiyi kavramaya yonelik ele alis
bicimlerini yapisokiimiine® yonelik mekdansalligin alternatif bir
tasarmminin iddiasidir” (Soja 1986: 163). Lefebvre’den farkli
olarak Soja’da mekanin epistemolojik triyalektigi, temsili
olmayan bir mekan anlayigint igerir. Soja’nin li¢iincii mekan
kavraminin aksine, melezlik ve kiltiirel farkliliklara dikkat
¢ekmek i¢in liglincii mekani kullanmis olan Homi K. Bhabha’nin
(1994) anlatimiyla {igiincli mekan, i¢inde temsil karsitligiyla
malul, 6tekilik, hibritlik, her seye agiklik ve es zamanli olarak
her seyi iceren mekan anlamina gelir (Kipfer, 2008: 9). Lefebvre
ise birbirinden bagimsiz li¢ mekan 6ngérmez, birbirine diyalektik
olarak bagli mekanlarm iiretiminden bahseder. Triyalektik bu
manada “mekdnsal, tarihsel ve sosyal arasinda ikilik¢i ve
indirgemeci olmayan bir diigiintis sunar” (Merrifield, 1999:
345).

Foucault’nun kiiltiirel cografya iizerinde 6nemli bir etkiye
sahip oldugunu belirten ve heterotopyay1 ve Foucault’nun mekan
iizerine yazilarini kuramlastirmaya koyulan Kevin Hetherington,
heterotopiyi alternatif diizenleme alanlart olarak tanimlar
(Hetherington, 1997). Heterotopyalar, sosyal diinyanin bir
kismint kendilerini ¢evreleyenlerden farkli bir sekilde organize
eden ve yeni diizenleme yollarint miimkiin kilan bir sosyal
diizeni temsil ettikleri ve bu nedenle “merkezi” mekanlardan
ayrt olarak var olan “karsi hegemonik alanlar” olarak
goriilebilecegini  6ne siirer (Hetherington, 1997: 42).
Heterotopya’nin yeni bir kiiltiirel cografyaya hitap edebilir
oldugunu belirten Hetherington, heterotopyalart yeni sosyal
diizen bigimleri, alternatif diizen alanlari ve isleri farkli bir

sekilde yapma alanlar1 olarak tanimlar (Hetherington, 1997).
Heterotopik mekanlar, sehirlesmeyi kontrol eden hegemonik
giiclin ve hafizamizin {irettigi yanilsamanin etkilesimi ile ortaya
¢tkan yeni bir olgudur. Bu yeni bilgi olusumu, kontrol
mekanizmalariin diizenleri, kolektif hafiza ve sosyo-mekansal
bir Gtekilesme arasindaki catisma ve miicadelenin irtiniidir.
Yani sosyal kontroliin sembolik ve politik sistemleri araciligiyla
farklilasan alanlar olusturan kiiltiiriin {iriinleridir. Bu ylizden
onlari anlamak ¢ok zordur. Clinkii heterotopyalarin epistemolojisi
bildiklerimizden farkli ¢alisir. Farkli diizenlerin iist iiste binen
katmanlar1 ve bicimsel kaliplarin gercek veya sosyo-ekonomik
glic dengelerinin bir sonucu olarak sanal bir iletisim ag1
olusturdugunu diisiinebiliriz. Bdylece i¢inde yasadigimiz sehrin
bir semtinin tiim sakinleri i¢in ortak bir kiiltiir algilamanin
imkansiz oldugu ortaya ¢ikar. Giiniimiizde alisilmisin disinda
toplumsal yasam olarak tanimlanan heterotopyalar, bu ¢agdas
dinamizmin bir sonucu olarak toplumsal yasamin “i¢inde” yer
almaktadir. Heterotopyalart ger¢ek mekanlar degil, tiretiminde
farkly, i¢ ice ve degisken etkinlestiriciler araciligiyla insa edilen
bir mekan diizeni, bir mekan anlayis1 oldugunu da sdyleyebiliriz.
Biitiin bu nedenlerden dolayi, heterotopyalart icine diistiigii
karmasadan kurtarmak dnemlidir. Heterotopyalarin dogasini ve
toplumsal mekansalligt  anlamak, sanayilesme sonrasi
toplumumuzun {irtinii olan ve yasadigimiz mekanlarda kendini
gosteren karmasik agi anlamamiza yardimci olur. Bu
karmasikligin 6ziinii ayrintili olarak anlayarak, ¢agdas kentsel
alan agindaki zorluklarla basa ¢ikmak miimkiindiir (Papo 2017).
Olaya bu acidan baktigimizda, bizim inceledigimiz alani
tanimlamak icin en uygun bakis acisi, Hetherington’un

heterotopya tanimlamasidir.

Ozetle heterotopya baskaligin yeridir, tekinin mekanidir,
diger yerlerle kurdugu farklilik iligkisiyle var olur; bir kiiltlirtin
i¢inde ya da kiiltiirler arasinda, dnceden belirlenmis kaliplardan
farklilaganlarin ait oldugu yerdir. Heterotopyanin, aynt anda hem
bicimsel hem de zihinsel etki gdsterme potansiyeli olan bir
kavram olmasi, onu postmodern sehirlerin en giiglii araglarindan
biri kilmistir. Heterotopyalarin postmodern sehir yaklagimindaki
yerini giiclendiren en temel 6zelligi, devasalig1 ve kapsayiciligt
reddetmesi ile iitopyadan farklilik arz etmesidir. Insan faktoriiniin
degiskenligi ve ne yapacagmmin Ongoriilemezligi, egemen
giiclerin bu mekanlar iizerindeki amacg-sonug iliskisini zaman
zaman tersine ¢evirmistir. Boyle anlarda heterotopyalar yeni bir
anlam kazanarak bireyin modern toplumun disiplin ve tam
kontrol ideali altinda direnis, meydan okuma ve kargasa
potansiyelini barindiran farkli yerler haline gelmistir (Ay, 2017).

2 Yapisokiimii, anlam ile metin arasindaki iliskiyi kavramaya yonelik ele alis bigimleridir.
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Yani heterotopya diisiincesinin 6ngoriilmiis geleneksel biitiin
tutumlar1 yikima ugratma mantig1 ile farkindalik yaratildig: her
durumda, bir hacim kazandigim1 ve kurumsallastirildigini
gormekteyiz. Kisacasi heterotopya kavrami bagdasik yasam
siiren topluma alternatif mekanlar1 sunar. Foucault’nun
hegemonik diizen altinda bulunan bedenin 6zgiirlesme ve kagma
cabasini ifade etmek i¢in kullandigi heterotopya kavrami
okuyucunun algisinda bir ¢esit Stekilik, farkli bir yer olarak
yorumlanabilir. Ayrica heterotopyalarin i¢cinde de geligkiler ve
karsitliklar vardir. Genel olarak, heterotopya iginde olmak bir
yanilsama gibidir. Her gercek mekanda bir yanilsama mekani
yaratan heterotopyalar, c¢evrelerindeki etkinlik(ler)le ilgili
islevleri bir araya getirirler. Tam olarak sinirlar ¢izilmemis olan
heterotopya kavrami hald yorumlanmaya ag¢ik bir yerde
durmaktadir.

Tim bu tanmimlamalardan bagimsiz olarak halk arasinda
kullanilan “halaza” kavramini giindeme getirmek istiyorum.
Halaza, ekin toplanirken tarlaya dokiilen tanelerden ertesi yil
kendiliginden yetisen seyrek ekinlere verilen addir. Ayrica ana-
baba, okul terbiyesi gérmeyen kendi kendine yetisen ¢ocuklar
icin “halazaya yetigmis” tabiri kullanilir’. Yani belli bir plan ve
programa tabi olmaksizin kendiliginden, kuralsiz, kaidesiz
olusan mekanlara pekala halaza mekéanlar diyebiliriz. Halaza
mekanlar egemen giiglerin kontrolii disinda gelistikleri igin,
bagimsiz, baglantisiz, 6zgiir mekanlardir. Birilerinin himayesinde
gelismedikleri i¢in kendi baslarinin caresine bakabilen, daha
direngli, daha dayanikli mekanlardir. Degisime ve doniisiime de
her zaman aciktirlar. Ciinkii dagilma, gecis veya hizli degisme
donemlerinde mevcut kural ve normlarin etkisini kaybetmesi ile
ortaya c¢ikan toplumsal diizensizlik ortamlari bunlarin ortaya
ctkmasii ve gelismesini saglarlar. Fakat toplumu kucaklayan
yeni kural ve normlarin ortaya g¢ikmasi, bu tiir mekanlarin
yasallastirilmasina, genel isleyis icerisine alinmasma imkan
saglar. Hatta bu normallesme-yasallagma siireci bir nevi uzlagma
ile karsilikli tavizler ile gergeklesir. Yani bir dayatma ile gii¢
kullanarak bu tiir mekanlar1 ortadan kaldiramazsiniz. Bizim
inceledigimiz alan da halaza bir mekan olarak ortaya ¢ikmis,
zamanla normallesmis-yasallagsmig bir mekandir.

1.2.Bir Kurucu Unsur Olarak Kagis

Kagcis (Escapism), Ingilizce sozliiklerde genelde heyecan
verici, ama imkansiz etkinlikler hayal ederek gercgeklikten
kacinma yolu olarak aciklanir. Kagis, gilinlik hayatin hos

olmayan ya da sikict yonlerinden, hayal giicii veya eglenceyi
iceren etkinlikler yoluyla zihinsel sapmadir (URL-1). Kagcis,
kisinin kendini siirekli bunalim veya genel liziintii duygularindan
uzak tutmak i¢in kullandigt bir aragtir. A¢ilma, ferahlama,
gezinti anlamlarina gelen Arapca teferrii¢ kelimesi de Osmanlit
kiltiriinde, “gam dagitmak amaciyla yapilan gezinti” seklinde
yer almistir. Bursa’da, sehrin bittigi kirsal alanin basladigi nokta
olarak, Uludag’a cikan teleferigin baslangic noktasini da igeren
bir mahallenin ad1 da Teferriigtiir. Yani Bursalilarin eskiden beri
oziimseyip kiiltiirine kattig1 teferriic  kelimesi Ingilizce
Escapism’in tam karsiligidir. Esprili* bir anlatimla, aylak olmak
iizere yola ¢ikan, ama sinirlarini asacak sinirlere sahip olmadiklart
icin gerisin geriye donenlerin yaptig1 kisa gezintiye “teferrii¢”
denir.

Yi-Fu Tuan, Kagis (Escapism) kitabinda kagma fikrine farkli
bir bakis acistyla yaklasiyor. Ona gore insanlik gergeklerle yiiz
ylize gelmekten kagryor: Disaridaki havadan, sesten kagmak icin
evlerimize, dogadan kagmak igin ise sehirlere, 6lim ger¢eginden
kagmak iginse birtakim inanislara ve kurumlara siginiriz. insanin
dogas1 bu gercekleri kabullenmek istemiyor; ¢iinkii igimizdeki
ilkel (hayvani) duygular bunlar1 diisinmemizi engelliyor (Tuan,
2015). Normalde olumsuz bir ¢agrisimi olan “Kacis”1n, olumlu
bir yani da vardir. Bir seyden kactigimizda genellikle baska bir
seye kaciyoruz. Bu nedenle, gergeklerden kagisi incelerken, hem
iylyi hem de kotiyli -dogal ve Kkiiltlirel- ¢esitli mekansal
Olceklerde oldugu kadar hayal giiciiniin mekanlarini da
kucakliyoruz. Tuan, insanlarin hem dogayla baglanti kurmay1
hem de dogadan ka¢may1 istediklerini, ancak Ozlemimizin
evrensel olmasina ragmen, yerine getirilmesinin imkansiz
oldugunu 6ne siiriiyor. Gergeklerden kagis, tipik olarak, yerlesik
veya glinliik ortamlardan uzaklasmayi, disartya, dogaya daha
yakin olmay1 igerir. Ancak Tuan, bunun tersinin de ayni derecede
miimkiin oldugunu savunuyor: Tim kiiltiirler gergeklerden
kagistir - dogadan kacistir diyor. Kiiltiir ile sadece belirli
edinilmis aligkanliklar, belirli araglarin iiretimi ve kullanimi
degil, biitiin bir diisiince ve inang, aligkanliklar ve gelenekler,
beceriler ve eserler diinyasii kastettigini ifade eden Tuan,
kiiltiir, insanin gergeklerle yiizlesmeme egilimiyle, su ya da bu
sekilde kagma yetenegimizle, inanmaya alistigimizdan daha
yakindan baglantilidir diyor. Zaten var olan pek ¢ok seye insan
olmanin ne olduguna dair baska bir tanim eklemek isteyen Tuan,
insan, ger¢egi oldugu gibi kabul etmeye dogustan yatkin olmayan
bir hayvandir. Insanlar, tiim hayvanlar gibi yalnizca boyun egip
uyum saglamakla kalmaz; dnceden belirlenmis bir plana gore

3 Derleme Sozliigi (https://sozluk.gov.tr/)
4 “Espri, kitlikta bolluk arz eden bir cevherdir.” - Necip Fazil Kisakiirek
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doniisiirler, donlismeden 6nce olaganiistii bir sey yaparlar, yani
orada olmayani “goriirler”. Orada olmayan1 gormek, tiim insan
kdiltiiriiniin temelinde yatar demektedir (Tuan, 2015: 26).

Yi-Fu Tuan’a gore insanlar, bazen akilsizca, ¢ogu zaman da
yaratict ve ustaca bir sekilde kagmanin yollarint aramiglardir.
Atalarimiz tarih 6ncesi zamanlarda, doganin hasin kosullarindan
kagmak i¢in barmaklar inga edip tarimla ugragsmaya baslayarak
yerlesik hayata ge¢mislerdir. Giinlimiizde, kentsel tehlikelerden
kagmak i¢in kentlerin eteklerindeki daha giivenli ve yeniden
sekillendirilen mesire yerleri ve parklar diinyasini kullantyor
(Tuan, 2015: 42-47). Evet, ginlimiiz sehir toplumunun
gergeklerden kagma yollarinin baginda hafta sonlari piknik
yapmak geliyor. Fakat daha biiyiik bir kitle sehir gergeklerinden
kagmanin yolunu yine sehir iginde bir mekanda tatmin etmeye
calismaktadir. Bunlar genelde AVM’leri tercih ediyorlar. Ancak
AVM’lerde vakit ge¢irmek pahaliya maloluyor. Bu bedeli
O0demekte zorlananlar, daha ucuz mekanlar olarak parklari tercih
ediyorlar. Bir parkta bir bank iizerine oturup birileri ile sohbet
etmek, cekirdek c¢itlemek pek ¢ok insanin en énemli rahatlama
yolu. Iste Kanalboyu tam da bdyle bir yerdir. Mahalle aralarinin
sikict kasvetli havasindan kaganlar Kanalboyu’nda dinlenmeye,
rahatlamaya calisirken, diger yandan da cadde boyuna dizilmis
diikkanlardan AVM’lerde aradiklar1 hemen her seyi buluyorlar.
Daha 6zgiirce, daha ucuza ve agik havada AVM imkanlarina
sahip olmaktadirlar. iste bu diisiince ve bakis acilartyla bu
arastirmada Soganli mahallesine ve Kanalboyuna dair gozlemlere
dayali yorumlar yapilmis ve 6zgiin sonuglar ortaya konulmustur.

2.1.Soganh Kéyiinden Soganhh Mahallesine

Eski Bursa Merkez Ilce kdylerinden olan Soganli, 1984’te
Bursa sehrine mahalle olarak eklenmis, 1987°deki biiyiiksehir
diizenlemesinde Osmangazi ilgesi'ne baglanmistir. Soganli
Bursa sehrinin kuzey bolimiinde, doguda Cirishane ve
Ciftehavuzlar, glineyde Gaziakdemir, batida Alemdar mahalleleri
ve kuzeyde Avrupa Konseyi Bulvart (Yakin Cevre Yolu) ile
cevrelenmistir. Avrupa Konseyi Bulvarmin kuzeyinde de biiyiik
bir arazisi vardir. Tim bu komsu mahalleler ile bunlarin

dogusundaki Fatih, Tuna ve Kiipliipinar mahalleleri de Soganli
koyii arazisinde olugmuslardir.

Soganli adinin, Bursa’nin sogan ihtiyacinin bu kdyden
karsilandig1 icin verilmis oldugu sanilmaktadir. 1530 tarihli
tahrir defterinde koyiin adi Soganlik olarak ge¢mektedir. Bir
vakifkdyii olan Soganli’nin geliri Kaplica Imaretine gitmekteydi.
Koylin glineybatisinda, Sirameseler Ormanlar mevkiinde
Esekyedi olarak anilan yerde onceleri Bigados veya Sitos adini
tagtyan bir yerlesme varmis, ancak bugiin izleri silinmistir.
Soganli kdyii bu antik yerlesmenin yerini almis olmalidir. Ayrica
koyde eskiden ¢ok sayida genis ciftlikler varmis, iinlii Numune
Ciftligi ile Ethem Kd&stem ve Siiter ciftlikleri bu kdy smirlari
icinde yer aliyormus. Numune Ciftligi icinde Fransizlarin yaptigi
inlii kosk, 1980’11 yillarda yikilmistir. Halkin adak yeri olarak
kullandig1, Numune Ciftligi igindeki Ali Baba mezar1 da zamanla
kaybolmustur (URL-2).

Hicri 1316 (1898) ve 1325 (1907) tarihli Hiidavendigar
Vilayeti Salnamelerinde 50 hane olarak kayitli olan koytin
nifusunun Cumhuriyet sonrasindaki gelisimi ¢izelge 1’de
verilmistir. 1915°ten 1955’e kadarki 40 yillik siiregte niifusunu 4
kat artiran Soganli, 1955-1960 arasinda niifusunu ikiye katlamis,
1960-1970 arasinda fazla bir gelisme gostermemis, niifusu
sadece 500 kisi artmistir. 1970-1980 doneminde de kdy niifusu
tekrar 4 kat artarak 10 bin kisinin tizerine ¢ikmistir. Ozellikle ic
gocler sonucu hizla biiyliyen kdy zamanla gehirle birlesmis ve
1984°te bir mahalle olarak belediye smirlari i¢ine alinmustir.
Belediye smirlart icine alindiktan sonra da niifusu artmaya
devam eden mahallenin 2000 yilindan bu yana niifusu 25 bin
civarinda seyretmektedir. Nitekim 2000 yilinda 25.644 kisi olan
niifusu 2007 ADNKS’de 25.002, 2010°da 24.904, 2015°de
24.114 ve 2020 kayitlarinda da 26.272’dir.

Aslinda Ciftehavuzlar, Cirishane, Gaziakdemir, Alemdar,
Fatih, Tuna ve Kiipliipinar mahalleleri de Soganli koyiiniin
arazisi i¢inde gelismistir. Bugiin bu mahallelerin toplaminda 130
bin kisi yasamaktadir. Sehir merkezine 5 km mesafede yer alan
Soganli koyl arazisine, ilk olarak 1935 yilinda Tahtakale’deki

Cizelge 1: Soganh kdylnin niifusu (1915-1980).
Table 1: Population of Soganli village (1915-1980).

YIL 1915 1927 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980
Toplam 241 283 563 619 678 793 938 2.080 1.815 2.586 5.843 10.779
Erkek 305 331 376 513 1.063 950 1.348 3.151 5.581

Kadin 258 288 302 425 1.017 865 1.238 2.692 5.198

Kaynak: DIE verileri
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dericiler Sicaksu/Tabakhaneler bolgesine tasmmustir.’ Ikinci
olarak, 1938’de Stimerbank Merinos Yiinlii Sanayi Dokuma
Fabrikas1 koy arazisinde kurulmustur. Fakat sehrin bu tarafa
dogru yayilmasi yaklagik 20 y1l sonra 1960’11 yillarda baglamistir.
Bugiinkii Bursa Kent Meydani’nin bulundugu yerde 1995 yilina
kadar hizmet verecek olan sehirlerarasi otobiis terminali (Santral
Garaj) 1961 yilinda agilmistir. 1960-1970 arasinda Soganli koyii
arazisinde Gaziakdemir Mahallesindeki sanayi sitesi olugsmustur.
1970°1i yillarda Kiiplipinar Mahallesi ile baslayan ve Yalova
yolu boyunca giinden giine yag lekesi gibi yayilan kontrolsiiz
yapilasma ile Tuna, Cirishane ve Fatih mahalleleri sekillenmeye
baslamistir. Alemdar ve Ciftehavuzlar’in da olugmasiyla 1980’1
yillarda Soganli koyt artik sehrin bir pargast haline gelmis ve
1984 planlamasinda Bursa belediyesi sinirlart icine katilmistir.
Bu k&yiin belediye simirlari i¢ine alinmastyla 730 donim koy
merasi belediyenin tasarrufuna gegmistir. Yaklagik 60 ha’lik alan
kaplayan Bursa’nin Hayvanat Bahgesi ve Botanik Parki ile
giinlimiizde (2022) yapmmu siiren Soganli Millet Bahgesi ve
Soganli Kentsel Doniisiim projesi bu arazi tizerinde yapilmistir.°.

Arastirmamiza konu olan Kanalboyu, bu kdy arazisi i¢inden
gegen Cilimboz deresi boyunca 1970’li yillarin ortalarindan
1990’lara kadar yavas yavas sekillenmistir. Son yillarda
Kanalboyu’nun kuzeybati kesimindeki bos araziler iizerinde
“kentsel doniisiim” (?!) projesi gerceklestirilmistir. Tk 4 etabi
2016-2018 yillar1 arasinda tamamlanan ve 8. etap insaati siiren
(2022) Soganh Kentsel Déoniisiim projesi kapsaminda yaklasik
42 ha alan iizerinde toplam 2 bini agkin konut ve 250 ticari birim
insa edilmistir. Bu nedenle 2016’da 24 bine kadar gerileyen
Soganli niifusu, 2018°den itibaren artarak bugiin 26 bin kisinin
lizerine ¢ikmusgtir.

Bugiin mahallede, koytin yerlesik halkindan (Manav) baska,
biiyiik ¢cogunlugu Dag yoresi (Orhaneli, Keles, Biiyiikorhan ve
Harmancik ilceleri) kdylerinden ve Mustafakemalpasa ile
Karacabey ilgelerinden gelenler ile Bulgaristan gd¢menleri
yasamaktadir. Daha 6nce 1938 yilinda zorunlu goge tabi tutulan
Tuncelilerin bir kism1 Soganli kdyiine de yerlestirilmistir. Ama
giiniimiizde bunlardan pek fazla kisi kalmamistir. Ancak, Dogu
Anadolu bolgesinden ozellikle Musg’tan go¢ edenler ile

Samsunlular basta olmak iizere Karadeniz illerinden ve diger
bolgelerden gelenler de mahallede yer almaktadir. Soganli
Kentsel Doniisiim projesi kapsaminda yapilasan yerlere ise ¢ok
daha heterojen bir niifus yerlesmistir. Yani ¢ok farkli yerlerden
degisik zamanlarda gelmis insanlar mahallede yasamaktadir. Bu
durum Aristo’nun Politika isimli eserinde ifade ettigi “birbirine
benzeyen degil, farkli insanlar ancak bir sehir meydana
getirebilir” diisincesine uygun olarak, belli bir grup insandan
olusan Soganli koyliniin, birbirinden bagimsiz ve birbirine
benzemeyen insanlarin bir mekéan i¢inde heterojen bir biitiinliik
olusturacak sekilde sehir mahallesi olan Soganli’ya donligmesinin
gostergesidir.

2.2.Cilimboz Deresinden Kanalboyuna

Uludag’in kuzey yamaglarindan dogan, Alacahirka mezarligi
giineybatisinda travertenlerden olusan yiiksek bir kayalik kiitleyi
yararak derin bir vadi olusturan dere, Hisar ile Muradiye
arasindan gecip Altiparmak civarinda yeralti kanalina girmekte,
Stadyum caddesini yeralti kanalinda gegen dere, Merinos parki
kuzeyinde yeraltindan ¢ikarak kanal icinden akmakta, Avrupa
Konseyi bulvarinda Niliifer ¢aymna katilmaktadir. 1750 m’si
Kanalboyu’nda kanal iginde, yaklagik 2 km’si Gaziakdemir,
Merinos ve Stadyum caddeleri boyunca yeraltt kanalinda ve yine
yaklasik 1 km’si Altiparmak ile Alacahirka arasinda tekrar kanal
icinde akan Cilimboz deresinin 3 km’si de, Alacahirka’dan
Uludag’in yiikseklerine kadar olan bolgede uzanir. Bdylece
toplamda yaklasik 7,5 km uzunlugunda olan Cilimboz, aslinda
uzunlugu ve havza genigligi acisindan kiigiik bir deredir.
Alacahirka mezarlig1 batisindaki Pinarbasi kopriisii giineyinde
Uludag’in eteklerindeki su toplama havzasi yaklagik 5 km?
kadardir. Havzanin en yiiksek yerleri 850 metrelerdedir.
Pimnarbasi kopriisii civarinda 250 m olan yiikseklik hesaba
alindiginda havzanin ortalama egimi % 20 kadardir. Fakat
ozellikle eskiden ve giinlimiizde, havza genisligi ile
kiyaslanamayacak kadar ¢ok su tagimaktadir.

Bursa Kalesi surlarimin dere yatagi kenarina kadar uzanmasi
nedeniyle Eski Bursa sehrinin bati sinirlarini olusturan Cilimboz
Deresi’nin  kaynaginda eskiden ¢ok sayida manastir

5 Buradaki tabakhaneler, Bursa Ihtisas Deri Organize Sanayi Bélgesi’ne tasinmustir. Deri OSB, 2006 yilinda Niliifer ilgesinin Badirga mahallesi ile Karacabey ilgesinin
Ikizce ve Tagpiar mahallesi smirlart igerisinde yeni yerinde faaliyete gegmistir. Bugiin Sicaksu/Tabakhaneler bélgesinde uygulanmasi planlanan kentsel déniisiim projesi

ihale asamasindadir.

6 1995 yilinda yapimina baslanan ve 1998’de hizmete agilmis olan Botanik Parkta, 3 adet biiyiik golet, 1 adet su oyunlar1 havuzu, 2 adet ¢gocuk oyun alani, 4
adet wc, 2 adet biife, bir adet biife-bisiklet evi, bir adet pastane, bir adet idari bina bulunmaktadir. Botanik Parkinmn giiney béliimiinde; 17.,18.,19., yiizyilda
Bursa’da bulunan Halici {zzet evi, Havuzlu Konak, Cift Bacali ev, Abdiilvahap evi, gibi tarihi yapilarin birebir uygulanmasi ile olusan Bursa Evleri yer almaktadir.
200 doniim arazi tizerinde kurulmus olan Bursa Hayvanat Bahgesi 1998 yilinda hizmete agilmistir. Hayvanat bahgesinde 67 farkli tiirde 600 hayvan barmmaktadir.
Hayvanat Bahgesi igerisinde 9 golet, yiiriiyiis yolu, cogu meselerden olusan 3000 kadar aga¢ bulunmaktadir. Su kuslari i¢in ayrilan boliimde dev bir kafes ve golet bulunur.
Bahgenin tam ortasinda Cumalikizik kdytiniin bir sokagindaki yapilar kopya edilmistir. “Cocuk Koyu” adli bu béliimde ¢ocuklar, ¢iftlik hayvanlarina temas edebilir yem
verebilir. Bursa Biiytliksehir Belediyesi tarafindan isletilen Hayvanat Bahgesini her y1l 100-150 bin kisi ziyaret etmektedir.
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bulunmaktaymis. Bunlarin en tanmmani Bale Manastiri’dir. 7.
yy’da kuruldugu bilinen bu manastirda 100 kadar kesis
bariniyormus (Bernardin Menthon 1935). Fakat bugiin bu
manastirlarin izleri silinmig ancak c¢ok dikkatli gozlemciler
yerlerini tespit edebilmektedirler. Bu derenin adinin Filiboz’dan
geldigi diistiniilityor. Dere civarinda bulunan Filibozun mezar1
nedeniyle dnceleri Filiboz olarak anilmis, zamanla da Cilimboz’a
doniismiis  olmalidir.  Phillippos/Filiboz’un ~ Bursa’nin
kusatilmasinda Tiirklere yardim eden bir Rum komutan oldugu

sOylenmektedir (URL-3).

Cilimboz deresinin hizli bir bicimde akmasi, eskiden dere
boyunca degirmenler kurulmasmna imkan tanimistir. Bu
degirmenlerden biri bugiin bir isletme olarak yasatilmaktadir.
Derenin bu su potansiyeli Bursa’nin ilk sanayi bolgesi olarak
buranin segilmesini saglamig ve vadi boyunca fabrikalar
kurulmustur. Yani Cilimboz Bursa’nin ilk sanayi bolgesi idi. 19.
yiizyilda bu vadide {i¢ iplik fabrikasi bulunuyordu. David Saban
Kardesler Fabrikasi ile Muis ve Savul Kardesler Fabrikasi ve
Ishak iskender Fabrikalar1 dere yatagi ¢evresinde idi. Bursa’nin

en bilyiik ipek fabrikalar1 olan Fabrika-i Hiimayun ile Romangal
fabrikalar1 da bu dere kiyisinda idi. Pauvlaki’nin Cilimboz
Deresi’nin iizerinde agtig1 fabrika da olasilikla sudan elektrik
elde ediyordu. Tirkiye’nin ilk kagit fabrikasinin da Bursa’da
Cilimboz Deresi’nde kuruldugu sdylenmektedir (Kaplanoglu,
2014). Fabrikalarin burada kurulmasinda, ipek is¢iligi i¢in suyun
gerekliligi kadar, cogu Rum ve Ermeni olan iscilerin yasadigi
mabhalle olmasi da etkili olmustur. Cilimboz vadisinde dut
agaclarinin da yer almasi, burada sanayinin kurulmasinda isgticti,
enerji ve hammaddenin bir arada bulunmasina dayandigini
gostermektedir. Glinlimiizde Cilimboz vadisinde faal olan
fabrika kalmasa da fabrikalarin bazilarinin binalar1 varliklarini
stirdiiriiyorlar.

Cilimboz deresi vadisinin Soganli kdyii arazisinde yer alan
kesimlerinin diizenlenerek kanala alinmasi ve kanal boyunca
uzanan yollarin kenarinin yapilarla dolmasiyla Kanalboyu (2.
Kanal Cad.)’ caddesi olugsmustur. 2007 yilinda baglanan ve
2009°da tamamlanan yeni diizenleme ile de bugiinkii Kanalboyu
sekillenmigtir. Kanalboyu ya da 2. Kanal caddesi 1750 m.

- Kanalboyu

- Merkezi is Alam

KANALBOYU'NUN SEHIR MERKEZINE
GORE KONUMU

’ Ali Yigit- 2022
e

Sekil 1: Kanalboyu caddesinin merkezi is alanina gére konumu

Figure 1: The location of Kanalboyu Street relative to the Central Business District

7 Bursa’da bir kag tane Kanal Caddesi vardir. Bunlarin hemen hepsine “Kanalboyu” ismi kullanilmaktadir. 1. Kanal Caddesi Cekirge’de Dikkaldirim’dadir. 2. Kanal
Caddesi bizim inceledigimiz caddedir. Ayrica Yildirim’da ve Cali’da da Kanal caddeleri vardir. Bursa Ovasi’nda, batakliklarin kurutulmasi igin 1934-1938 yillar1 arasinda
Alman miihendisler tarafindan yapildigi i¢in “Alman Kanali” olarak adlandirilan drenaj kanali da son yillarda diizenlenerek kenarima yol agilmistir. Fuat Kuscuoglu
Caddesi ya da Yunuseli Bulvari ismi verilen bu caddeye ve devamindaki caddeye 2. Kanalboyu ismi verilmektedir. Ayrica Bursa Ovasinda ¢ok sayida sulama ya da
kurutma kanali boyunca uzanan yollar igin de bu isim kullanilmaktadir. Ancak Bursa’da Kanalboyu dendiginde ilk akla gelen ve en tanmani Soganli-Cirishane ve
Ciftehavuzlar arasinda yer alan bizim inceledigimiz caddedir. Resmi adi olmasa da pek ¢ok adres bilgisinde caddenin ad1 Kanalboyu olarak yazilmaktadir.
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Foto 1: Kanalboyu’nun ara sokaklar1 dar kaldirimsiz

ve i¢ ige sikigiktir.
Photo 1: The side streets of Kanalboyu are narrow, without
pavement, nested and congested.

uzunlugundadir. Cadde boyunca kanal i¢ine alinan derenin duvar
kenarlart ¢it bitkileri ile yesillendirilmis sarilgan/sarmasik tiirii
bitkiler duvar iizerine sardirilmis ve belli araliklarla agaclar
dikilmistir. Cadde boyunca yaklasik yiizer metre araliklarla 12
yerde kanalin iizeri kapatilarak dairesel oturma yerleri
olusturulmustur. Boylece cadde ortasindaki dere kenari bir
dinlenme parki ya da eglendinlen (rekreasyon) alani halini
almustir (Sekil 1).

Caddenin her iki tarafindaki mahalleler, plansiz diizensiz bir
sekilde iist Giste y1gilmis binalarla dolu, ¢ok dar (genelde 5 m’den
az) kaldirimsiz sokaklara dizilmis haldedir (Foto 1). Bu dar
sokaklara araglarin park edilmesiyle hem yayalar hem de araglar
icin adeta adim atmanin imkansizlagtig1 yerler halini almaktadir.
Bu mahallelerden Cirishane, 28 ha alana ve 10 bin niifusa
sahiptir. Yani kisi bagina 28 m? alan diismektedir. Ayni1 sekilde 58
ha alana sahip Ciftehavuzlar mahallesinde de, 20 bin kisi
yasamaktadir. Burada da kisi bagina 29 m? alan diismektedir.
Soganli mahallesinde Hayvanat bahgesi, Botanik park ve Millet
bahgesi alanlarindan baska Avrupa Konseyi Bulvarmin kuzeyi
ile Yalova yolunun batist arasinda yer alan bir kismu hobi
bahgeleri ve Hilton oteli ile Ozdilek AVM tarafindan isgal edilen
yaklagik 220 ha’lik kirsal sahadan (Digbudak Mevkii) dolay1

mabhalle alan1 341 ha ¢ikmaktadir. Fakat meskln alan yaklasik
70 ha, niifusu da 26 bin kisidir. Yani yine kisi bagina 27 m?’lik bir
alan diismektedir. Kisacas1 Kanalboyu’nun her iki tarafinda 1
dekar alanda 35 kisi yogunluk bulunmaktadir (35 da/kisi). Bagka
bir degisle kanal boyunun 500 m dogusu ve 500 m batis1 arasinda
toplam 55 bin kisi yasamaktadir. Kanalboyu’nun toplam genisligi
¢ok yerde 30 m’yi bulmamaktadir; kanal genisligi 5 m, her iki
yanda 5’er metre kaldirim ve yesil alanla 15 metredir. Caddenin
ortasindaki 15 metrelik bu nefes alma alanini her iki yanda
kusatan 7,5 m’lik yol ve kaldirimlarla birlikte Kanalboyu’nun
toplam genisligi 30 metredir. Yani toplam alan1 55 bin m? olan
sahanin etrafinda 55 bin kisinin yasadigi bélgede insanlara 1 m?
nefes alma alant sunulmaktadir. Kanalboyu’nu sehrin sikigmis
bu bolimiine hapsolmug insanlarin bir nefes alma boslugu, bir
koridor hatta bir nevi malta® olarak diisiinebiliriz. Diizensiz ve
plansiz kendiliginden gelismis olan sehrin bu kesiminde, yine
kendiliginden (halaza olarak) plansiz ve diizensiz bir heterotopik
kagis alan1 olusmustur.

3.1.Kanalboyu’nun islevsel Ozellikleri

Kiltiir cografyast agisindan islev, bir kiiltiir biriminde
ekonomik yonden degerlendirilen ve birbirine karsilikli bagimli
durabilen etkinlikler olarak tanimlanmaktadir. Birgok etkinligin
merkezi olan sehirsel yerlesmeler sadece mesken ve mesken
topluluklarindan meydana gelmemekte, ayni zamanda ticari,
idari, sosyal ve kiiltiirel islevleriyle birlikte bir bolgedeki
gelismiglik diizeyinin gostergesi ve o sahadaki yasayis biciminin
ve ckonomik yasantinin da bir goriintiisiidii. Bu agidan
Kanalboyu’nun en 6nemli iglevi bir ulasim koridoru olmasidir.
Kanalboyu’nun tizerinde karsilikli 6 ¢ift otobilis duragi yer
almaktadir. Bu duraklardan 15 dakika araliklarla siirekli ¢alisan,
Bursaray’mn Merinos ve Kiiltiirpark istasyonlarindan mahalle
icine yolcu tastyan B/2, B/2-A ve B/2-C minibiisleri gegcmektedir.
Yani Kanalboyu cevresinde oturanlarin Bursa iginde tren ile
ulasabilecekleri her yere tasinmalart saglanmaktadir. Yine
caddeyi boydan boya tiim duraklara ugrayarak gecen
Ciftehavuzlar-Uludag Universitesi arasinda calisan B/44-B
otoblisli kullanmaktadir. Alemdar-Teferrii¢ (Teleferik) arasinda
calisan 15-A ve Ciftehavuzlar-Akg¢aglayan arasinda ¢alisan 15-B
otobiisleri Kanalboyu’ndan gegmektedir. Bu her iki hat da sehir
merkezinden (Atatiirk Caddesinden) ge¢mektedir. Ayrica
Etibank Caddesi-Cekirge Devlet Hastanesi arasinda c¢aligan
19/D ile Fatih-Cekirge Devlet Hastanesi arasinda ¢alisan 5/A ve
Siteler-Sehirleraras1 Otobiis Terminali arasinda ¢alisan 99 no.lu
otobiis hatlar1 da Kanalboyu’ndan ge¢mektedir. Bu belediye

8  “Malta; Tasla kapli hapishane avlusu” Kamus-1 Tiirki (1899)
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Foto 2: Kanalboyu bir yiirliyiis mekanidir.
Photo 2: Kanalboyu Street is a walking space.

=il

dinlenme mekandir.

Photo 3: Kanalboyu Street is a to relax space.

otobiislerinden bagka Ulucami-Kanalboyu arasinda dolmus dolmus taksiler Kanalboyu’nu kullanmaktadirlar. Ayrica okul ve
taksiler ¢caligmakta ve Ciftehavuzlar-Kentmeydani-Heykel arast fabrikalarin servis araglarinin gilizergahinda da Kanalboyu
calisan dolmus minibiisler Kanalboyu’ndan ge¢mektedirler. mutlaka yer almaktadir. Boylece Kanalboyu sadece bir nefes
Kisacast Kanalboyu cevresinde oturanlarin sehrin hemen her alma dinlenme ve vakit gegirme yeri degil ayn1 zamanda bu
yerine ulagsmasinit saglayan otobiisler, dolmuslar minibiisler ve ¢evrede oturanlarin diinyayla baglanti noktasidir.
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Foto 4: Kanalboyu bir dinlenme yiiriiyiis ve sohbet mekanidir.

Photo 4: Kanalboyu Street is a space for walking, resting and chatting.
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Sekil 2: Kanalboyu caddesinde diikkanlarin etkinlik alanina gore dagilimi

Figure 2: Distribution of shops on Kanalboyu Street based on activity area

Kanalboyu’nun ikinci 6nemli iglevi ise bog vakitlerini ¢esitli
etkinlikler ile degerlendirmek isteyenler igin bir eglendinlen
(rekreasyon) alani olmasidir. 2009 yilinda tamamlanan yeni
diizenleme ile Kanalboyu’nun ortasindaki Cilimboz dere yatagi
tag duvarlarla oriilmiis, dere {izerine insanlarin dinlenebilecegi
ve karsiya gegmesini saglayacak 12 adet betonarme koprii
yapilmistir. Bu kopriiler iizerine su havuzlart ve oturma gruplari
insa edilmistir. Ayrica tasla oriilen kanal duvarlari boyunca ¢ok
sayida agag dikilmis ve yaya ylirliyiis yollar1 yapilmistir (Foto 2,

3 ve 4). Boylece Soganli, Cirishane ve Ciftehavuzlar
mabhallelerinin ortasinda insanlarin dinlenebilecegi bir park alant
olusmustur. Buradaki banklar iizerine hatta duvarlar tizerindeki
betonlar iizerine oturmus ¢ekirdek citleyen, sohbet eden her
yastan insanlart gliniin her saatinde ve ozellikle de aksam
saatlerinde gérmek miimkiindiir. Ozellikle yaz aylarinda gecenin
geg saatlerine kadar Kanalboyu canliligimi korumaktadir. Yaz
gecelerinde Kanalboyu’nda dondurma yemek artik geleneksel
bir etkinliktir. Cadde boyunca siralanan kahvehanelerin pek
¢ogu kanal duvari kenarindaki yesillikler {izerine tabure, kiiglik
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Armalari bilinen taninmis market ve kurumlarin agiklamasi
ayrica yapilmamigtir.

Sekil 3: Sekil 3a, 3b, 3¢ ve 3d’deki haritalarin Yer Bulduru ve Ag¢iklamalar kismi
Figure 3: Locating and Legend part of the maps in Figures 3a, 3b, 3c and 3d

masa (sehpa) ve hatta tag duvar {izerine minder koyarak buralara
cay servisi yapmaktadirlar. Kanalboyu’nda 20 tane ¢ay ocagi,
kahvehane ve dernek lokali bulunmaktadir. Yine cadde boyunca
dondurmaci, pastane, baklavaci, lokanta, donerci, lahmacuncu,
cigkofteci, kokoregei, kuruyemisci gibi anlik-yerinde tiiketilen
yiyecek-icecek satist yapan 60°dan fazla diikkan vardir (Sekil 2,
3, 4, 5). Yani cadde boyunca siralanan is ve ticarethanelerin
1/4°1 bu tiir ditkkkanlardan olusmaktadir.

Kanalboyu’nun diger bir énemli iglevi de aligveris imkani
sunan bir ticaret alan1 olmasidir. Cadde iizerinde yer alan diikkan

ve igyerlerinin sayist slirekli degismektedir. Bizim 2022 yilinda
tespit ettigimiz say1 261°dir. Bu 261 isyerinden 144 tanesi yani
% 50’si ticari faaliyetlerle ugragsmaktadir. Bunlarin 47 tanesi
bakkal, manav, kasap, firin gibi gilinliik ihtiyaclara yonelik, 21
tanesi konfeksiyon, manifatura, tuhafiye, kavafiye, zlicaciye gibi
periyodik ihtiyaglara yonelik, 61 tanesi de dayanikli tiiketim
malzemeleri, mobilya, beyaz esya, hirdavatgr ve ingaat
malzemeleri... vs satan uzun vadeli ihtiyaglara yonelik
ticarethanelerdir. Boylece 130 kadar ticarethanede perakende
ticaretle ugragilmaktadir. Buna karsin biiylik ticaret grubuna
sokabilecegimiz sadece 8 ticarecthane mevcuttur ki, bunlarin
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Sekil 3a: Kanalboyu caddesinde is ve ticaret alanlarinin islevlerine gére dagilimu.

(gliney kesimi)

Figure 3a: Distribution of business and commercial areas based on their functions in

Kanalboyu Street. (Southern part)

bliyik bir kismi AVM ve ¢esitli mallar1 toptan satan
ticarcthanelerdir. Ayrica Kanalboyu’nda doért banka subesi
bulunmaktadir. Bunlar Ziraat, Is, Garanti ve Kuveyt Tiirk
bankalaridir. Bu bankalarin ve diger hemen tiim bankalarin
caddenin dort farkli yerine konumlanmis bankamatikleri de
bulunmaktadir. Yine burada yer alan 6 adet kuyumcu diikkani,
altin ve degerli tas ticareti yaninda ddviz biirosu islevi de
gormektedir. Yani bunlar da finans kurumu 6zelligi

gostermektedir. Son olarak belirtmek istedigimiz bir diger husus
da, buradaki sabit is ve ticaret yerlerinden baska cadde tizerinde
seyyar saticilarin da yer almasidir. Ozellikle yaz aylarinda
koylerinden getirdikleri ¢esitli tarim iriinlerini pazarlayan
ireticileri gormek miimkiindiir.

Kanalboyu’nda ¢esitli yiyecek ve igecekleri iireten ve/veya
satan 82 tane igyerinden bagka, kahvehane, kiraathane, ¢cay ocagi
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Sekil 3b: Kanalboyu caddesinde is ve ticaret alanlarinin islevlerine goére dagilimi.

(giliney orta kesimi)
Figure 3b: Distribution of business and commercial areas based on their functions in
Kanalboyu Street. (South central part)
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Sekil 3c¢: Kanalboyu caddesinde is ve ticaret alanlarinin islevlerine gére dagilimi.
(kuzey orta kesimi)
Figure 3c: Distribution of business and commercial areas based on their functions in
Kanalboyu Street. (North central part)
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Sekil 3d: Kanalboyu caddesinde is ve ticaret alanlarinin islevlerine gore
dagilimi. (kuzey kesimi)
Figure 3d: Distribution of business and commercial areas based on their
functions in Kanalboyu Street. (Northern part)
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ve ayni iglevi goren dernck lokallerinin sayist 24°tiir. 4 tane
PetShop, akvaryum ve kusyemi satan ig yeri, 7 tane oto tamir-
bakim ve aksesuarlari satan diikkkandan baska, ¢esitli ev aletlerini
tamir eden teknik servisler ve ¢ilingir-bigak¢t vs. isler yapan
igyerlerinin sayist da 16’dir. 4’li bayan olmak iizere 17 tane
kuaf®r, 3 tane terzi, 2 fotografci, 1 matbaa, 3 sans oyunlar bayii
ve bir temizlik triinleri saticisindan baska imalathane olarak 1
dikimevi ve 2 désemeci atolyesi yer almaktadir. Goriildigi gibi
orta Dbiylklikte bir sehrin hemen tim ihtiyaglarini
kargilayabilecek, hemen her tiirden ticaret ve isyeri Kanalboyu
etrafina konumlanmis bulunmaktadir.

Kanalboyu’nun kiiltiirel iglevlerinden bahsederken, egitim-
ogretim kurumlar1 ve dini yapilardan baska caddenin Dr. Sadik
Ahmet Caddesi ile kesistigi gliney baslangicinda yer alan Soganlt
Kiiltiir Merkezi’'nden sz edebiliriz. Osmangazi Belediyesi’nin
onemli kiiltiir merkezlerinden olan Soganl Kiiltiir Merkezi’nde
atdlye salonlari, idari ofisler, sosyal yardim birimi, spor salonu,
ArGe ofisleri, dinlenme alani ve kafeteryalar bulunmaktadir. Kiiltiir
merkezi sehrin bu kesiminin kiiltiir-sanat etkinlikleri ile ilgili bircok
ihtiyacin1  karsilamaktadir. Kanalboyu iizerinde ve yakininda
Malcilar Anadolu Lisesi, Emine-Hasan Ozatav Ortaokulu, Seyh
Samil imam Hatip Ortaokulu, Dr. Necla Yazicioglu ilkokulu ve
Remzi Ziimriit ilkokulu ile Miiriivvet Bas Anaokulu ve Ozel Soganli
Ortadgrenim Erkek Ogrenci Yurdu yer almaktadir. Ayrica Soganli
Mahallesi icerisinde yer alan, ara sokaklarla caddeye baglanan Sehit
Komando Er Samet Sara¢ Anadolu Lisesi ve Yusuf Kostem ilkokulu
ile Sabiha K6stem Ortaokulu da Kanalboyu ile yakin iligki icindedir.
Cadde boyunda Erenler ve Meseli camileri de yer almaktadir.
Kanalboyu’nun saglik islevleri olarak cadde boyundaki
Ciftehavuzlar Aile Saghgi Merkezi ile 2 tane Saglik kabininden
bagka 3 tane dig muayenehanesi, 4 tane eczane ile 2 tane gozliik¢tiden
de soz etmek gerekir.

Kisacasi Kanalboyu’nun islevsel ozelliklerini
degerlendirdigimizde Bursa gibi biiyiik bir sehrin kenarinda yer
almasina ragmen sanki miistakil bir yerlesmenin merkezi gibi
cevresindeki niifusun  hemen tim temel ihtiyaglarini
karsilayabilecek bir nitelikte merkezi is sahasina sahip oldugunu
goriiyoruz. Bu durum sehrin ana merkezi disinda onun
islevlerinin onemli bir kismmi dstlenen heterotopik bir
yapilanmay1 gostermektedir. Bir plan-program c¢ergevesinde
disiiniilip gelistirilmemis, kendiliginden halaza bir sekilde
olusmus bir mekan, sehrin bu kesiminin 6nemli bir merkezi
islevini yiiriitmektedir.

Kanalboyu’nun giin icerisinde kullanim sekli ve kullanici
tutumlar1 arasinda onemli farkliliklar vardir. Soyle ki: Sabah

saatlerinde Kanalboyu’nun miidavimleri, ise gitmek igin otobiis-
minibiis veya igyeri okul servislerini bekleyen calisanlar ya da
ogrencilerden olusur. Bunlar kahvaltilarini yolda ya da duraklarda
beklerken yaptiklari igin, bu saatlerde en aktif diikkanlar da simit
pogaca gibi yiyecekler satan pastane ve firinlardir. Genelde ise
ya da okula yetigme telasesi ile kosusturmalarin yasandigi, hizlt
zaman akisimin yasandigi bir siiregtir. Bu insanlar aksamiistii
islerinden evlerine donerken, bu sefer aksam yemekleri igin
malzeme tedariki amaciyla manav ya da marketlere yonelmekte
ya da kizarmis tavuk, doner gibi paketlenen yiyecekler satin
almaktadir. Dolayisiyla bu saatlerde bu tiir diikkanlarin
aktivitelerinin arttig1 zamanlardir.

Giindiiz saatlerinde, 6zellikle 6gleden sonra aksamiistii arasi
zaman diliminde caddenin miidavimleri, genelde yasli bayanlar
ve baylardir. Bunlar guruplar halinde banklara oturmakta ve
koyu bir sohbete dalmaktadirlar. Bu kesimin en 6nemli tiiketim
maddesi kuruyemislerdir. Aksam saatlerinde, 6zellikle de yaz
gecelerinde gocuk ve bebek arabalari ile gezintiye ¢ikmis aileler
Kanalboyu’nun genel gériiniimiinii olusturur. Gecenin ilerleyen
saatlerinde daha c¢ok gengler caddeye hakim hale gelmekte,
bunlara hizmet eden kokoreggi, pilavci gibi seyyar saticilar kanal
kenarlarina konumlanmaktadir. Yani Kanalboyu giiniin farkli
saatlerinde farkli yas ve cinsiyetteki insanlarin belli siirelerle
baskin hale geldikleri ve giiniin hemen her saatinde etkin olan bir
mekandir.

3.2.Kanalboyu’nda Heterotopik Topofilya

Kanalboyu iizerinde yer alan diikkanlarin bazilarinin tagidig:
isimler bize buralarin sahiplerinin nerelerden geldigini ya da
hangi mekanlara 6zlem duydugunu da gostermektedir. Kiiltiirel
gorliniimlerin okunup yorumlanmasinda birer sembol islevi
goren yer adlari, topluluklarin geleneksel yapilart ile kiiltiirel
baglari icin bir yol haritas1 olarak goriilmektedir. Yerel halkin
0zne olabildigi mekan isimlerinde yerlerin kimligi, kiiltiirleri ve
baglar1 hakkinda oOnemli ¢ikarimlar yapmak miimkiindiir
(Alderman 2008). Nitekim Tuan’in topos (yer) ve philia (sevgi)
kavramlarindan tiireterek kullandig1 topophilia (topofilya) yer
kavramina aktarilan imge ve anlamlardan dogar. Belirli bir yerin,
bdlgenin Gviilmesi, yiiceltilmesi insanlarm o yer ile kurdugu
duygusal bag1 yansitir. Topofili olarak anacagimiz bu baglanma
sekilleri o yere dair bir duyarliligi degil bizzat o yeri
anlamlandirarak tiretme halini imler. Literatiirde yer kavraminin
onemine dikkat ¢eken arastirmacilar topluluklarin belirli
bolgeleri kutsallastirarak yer-insan-mekan bagini olumlu ya da
olumsuz anlamda insa ettigini belirtir (Johnson, 1995). Bu
bakimdan; Kanalboyu gibi ¢esitli yerlerden gelmis insanlarin
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inga ettikleri mekanlarin isimlerine bakarken, bu insanlarin
geldikleri yerlerin kimligi, kiiltiirleri ve baglar1 hakkinda énemli
cikarimlar yapmak miimkiindiir. Bu diisiinceden hareketle
Kanalboyu’ndaki is yerleri incelendiginde olduk¢a anlamli
sonug¢lar elde edilmektedir.

Buradaki insanlari dnemli bir boliimii, Bursa’da “daglhilar”
olarak ifade edilen, Uludag’in giineybatisindaki Bursa’nin dag
ilcelerinden gelmistir. Mekan isimlerinde; Dagli Kuruyemis,
Dagli Oto Lastik¢i, Dagkar Otomotiv, Dagl Telekom Teknik
Servis, Orhaneli Sogiitlii Siit ve Siit Uriinleri, Oz Harmancik
Kahvehanesi, Goyniikbelen  Kiraathanesi, Goyniikbelen
Dénercisi, Orhaneli Yesiller Koyl Kiraathanesi gibi pek ¢ok
mekan isminde kokenlerini yansitmakla kalmamis ayrica, Civ-
Der Orhaneli Civili Koyii Kiiltiir Merkezi ve Bursa Ertugrulgazi
Karakecili Yoriik ve Tiirkmen Dernegi gibi hemseri dernekleri
olusturmuglardir. Kanalboyu’nda bir diger baskin grup da
Mustafakemalpasalilardir.  Mustafakemalpagsa  Kiraathanesi,
Meshur M.Kemalpasa Tostcusu, Kemalpasa Cigercisi, M.
Kemalpasa Barutet entegre et satig magazasi, Kirmasti Cay ocagi
gibi isyerleri isimleri yaninda Mustafakemalpasalilar Egitim
Kiiltiir ve Yardimlagsma Dernegi ve Sincan Sarni¢ Kiiltiir ve
Yardimlagsma Dernegi binalar1 da Kanalboyu cevresinde yer
almaktadir. Kanalboyu, sadece Bursa il¢elerinden gelenlerin
isim yaristrmasina sahne olmaz, Dogu ve Gilineydogu
Anadolu’dan gelenler ve Balkan go¢menleri de kiiltiirel
kimliklerini is yerlerine yansitmaktadirlar. Bunlara 6rnek olarak
da su igyeri isimlerini sayabiliriz. Balikligél Lahmacuncusu,
Adiyaman Cig Koftecisi, Dagistanli Kuruyemisci, Karadaglh
Kuyumcu, Kumanova Lokantasi gibi... Kisacas1 Kanalboyu’nun
heterotopyast sadece olusum sekliyle degil, bu ¢evrede yasayan
insanlarin kokenlerinin, kiltiirlerinin ¢esitliligini mekana her
yoniiyle yansimasiyla goriilmektedir.

3.SONUC

Bursa sehrinin ovaya dogru yayilmaya baslamast ile, Niliifer
cayma karigan Cilimboz deresi boyunca, 1970°li yillarda
yapilagsmaya baslayan Kanalboyu’nun, 2009°da bugiinkii seklini
almistir. Kenarlari tag duvarlarla ¢evrilen dere kanal i¢ine alinmig
etraft agac ve siis bitkileri ile donatilmig ve oturma yerleri
yapilarak bir dinlenme parki halini almigtir. Ortasinda dere,
etrafinda olusturulmus bir park yer alan caddenin her iki yaninda
siralanan diikkanlarda da, bir sehir merkezinin sahip oldugu
hemen tiim iglevleri iistlenen merkezi is alan1 gelismistir. Bursa
sehir merkezine sadece 4-5 km mesafede olusan bu farkli yer,
merkezi i3 alaninin islevlerini paylasmaktadir. Ayrica ¢ok etkin
bir ulasim koridoru ve bu ¢evrede oturanlar i¢in 6nemli bir

dinlenme parki, bir eglendinlen alani islevine de sahiptir. Sehrin
plansiz-diizensiz gelisim gdsterdigi sokaklarin diizensiz ve ¢ok
dar oldugu i¢ i¢e binalarin birbiri iizerine bindigi, insanlarin
sokaklarda yiirlimekte bile zorlandig: bir bolgede, bu cadde bir
nefes alma, bu sikisik ortamdan bunalan insanlar igin bir
rahatlama alani olmustur. Tiim bu 6zellikleri ile heterotopik bir
kagis alani olarak sekillenmig bir mekan halini almistir. Yakin
zamanda yapilan ve heniiz tam olarak bitirilmemis olan ve
Kanalboyu’nu kuzey tarafindan kesen Soganli Bulvarmin
devami olarak inga edilen 30 m genisliginde ve 1200 metre
uzunlugundaki Celebi Mehmet Bulvari ile onun devami olan,
Yalova yolundan Gokdere’ye kadar 2,5 km uzunlugundaki
Hiidavendigar Bulvarlari, benzer sekilde plansiz-diizensiz olarak
olusmus cok dar sokaklar etrafina dizilmis i¢ i¢e binalardan
olusan bir bolgede toplam 431 tane binanmn yikilmasiyla
acilmistir. Kisa siirede bu caddeler iizerinde de pek ¢ok is ve
ticaret alanlar1 olusarak bu mahallelere bir fark katmistir. Tiim
bunlar sehrin diizensiz-plansiz gelisim gosteren kesimlerinde
acilacak genis bir caddenin o mahallelere nefes aldiracak, onlari
hayata dondiirecek bir rolii tistlenecegini gostermektedir.
Aragtrmamiza konu olan Kanalboyu’nun  Michel

Foucault’nun heterotopik mekanlari tanimlayarak
orneklendirildigi alt1 ilkeden 6zellikle ikisine karsilik gelebilecek
ogeler barindirdigr belirlenmistir. Foucault’nun belirledigi bu
alt1 ilkeden iiclincii ilkede yapilmis olan tanimdaki “birbiriyle
bagdasmayan ¢ok ¢esitli alan ve mekanlarin ortiistiiriilmesiyle
bir sekilde diizenleri degistiren tek ve gergek mekan olusturma”
ile tam olarak ortlistiigii, yine, “islevsel olarak toplumdaki diger
alanlarla yakindan iligkili olmak” olan altinc1 ilkenin 6zelliklerini
de tasidigr goriilmiistiir. Bu iki ilkede ifade edilen nitelikler
is18inda Kanalboyu’nun  heterotopik  mekan  olarak
tanimlanabilecegi sonucuna varitlmistir. Ancak, Lefebvre’in
mekan iiglemesinin arastirma sahamiz agisindan daha anlamli
sonuglar verdigi aciktir. Ayrica Soja’nin iigiinci mekan anlayisi
da bu alana uyarlanabilir. Fakat asil olarak Hetherington™un yeni
sosyal diizen bigimleri, alternatif diizen alanlar1 ve isleri farkli
bir sekilde yapma alanlar1 olarak tanimladifi heterotopya
anlayisina daha uygundur. Hetherington’un anlayisina gore,
heterotopik mekan, karisikliklar ve i¢ ice gegmislikler,
birbirinden ayrilamayan iist iiste binmis cesitlilikleri igerdiginden
tanimlanmasi ¢ok zor olan bir kavramdir. Heterotopik mekanin
biricikligi ve diger gergek mekanlarla olan baglantisindan
kaynaklanan paradoksal bir 6zelligi de vardir. Heterotopyalar,
ayr1 kalmak yerine, egemen olana alternatif bir diizen iiretirler,
ama ayni zamanda egemen diizenin alanlarini da igerirler. Bu
bakis acist ile Kanalboyu degerlendirildiginde hemen her 6zelligi

ile heterotopik bir mekandir.
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Tiirkiye’deki heterotopya ¢aligmalart ¢ogunlukla siyasal
iktidarin ~ hegemonik  pratikleri  karsisindaki ~ mekéanlari
incelenmistir. Kanalboyu, heterotopya literatiiriindeki yonelimin
aksine daha biiylik bir iktidar olan neoliberal kentlegsmenin
kargisinda yer alan bir kamusal mekan 6zelligi barindirmaktadir.
Yani neoliberal tiiketim mekanlarinin iiretimiyle birlikte
sehirlerin, merkezi i sahalari, 6nce hane halkini yerinden ederek
sermayeyi Onceleyen ve antikapitalist yasam bigimlerini sehrin
kenarlarma (periferiye) iten bir karaktere biiriindiiriildii. Bir
insanin para harcamadan Kapalicarsi, Hanlar bolgesi, Ulucami,
Tophane gibi ana kamusal mekanlarinda var olmasi gliglesmistir.
Bu yonelim, sehrin ¢eperlerindeki kiigiik kamusal mekanlarin
islevini daha &nemli hale getirmistir. Iste Kanalboyu’ndaki
hikaye sozkonusu dontisiimiin Snemli bir ¢iktisini gostermektedir.
Dolayisiyla, calismanin literatiire getirecegi bu farklilik ve
katkilart da vurgulamak gerekir.

Ayrica heterotopya literatiirinde cografyacilarin  yaninda
ozellikle mimarlik ve planlama alanlarinin uzmanlar tarafindan
yapilmis pek c¢ok onemli caligma vardi. Bu ¢alismalar
heterotopyay1 genellikle mekdnin mimari boyut ve sekillerini
doniistiiriicii  giicliyle ele almistir. Ancak burada iizerinde
durdugumuz  heterotopyanin  “bicimsizlik”  karakteri ile
Lefebvre’in sosyal mekanin (temsilin mekani) iktidar olmadan
kendikendisine olusan karakteri arasinda bir yakinlik bulunmasidir.
Dolayistyla Kanalboyu heterotopisi ayn1 zamanda kentsel
planlamanin insan deneyimini goz ardi eden anlayisina karst
durabilecek bir dinamige sahip oldugunu vurgulamaktir.
Planlamaci1 ve mimarlarin olusturdugu heterotopya literatiirtindeki
ac181 kapatmak bakimindan 6nemli bir katki sundugu da agiktir.

Son olarak bu ¢aligmada heterojenlik ve merkezi ig sahasi
potansiyeli dzellikle sehir i¢i arazi kullanim haritalariyla detayl
bir sekilde irdelenmistir. Burada yerinde yapilan gozlem ve
tespitlerin yaninda goriismeler ve etnografik bulgulardan da
yararlanilmistir. Fakat Kanalboyu sakinlerinin heterotopik
deneyimlerini sosyal boyutlartyla ortaya koymak igin vaka
sunumlart yapilmamistir. Calismanin ileriki asamalarinda,
ozellikle etnografi/otoetnografi agisindan dzdiistiniimsel tespitler
de heterotopyaya dahil edilebilir. Yine sosyal agidan
Kanalboyu’nun smifsal bir boyutu bulunmaktadir. i¢ gogle
meydana gelmig olmasi ve gevresel ylikiinlin agirlig sinifsal bir
Harveyci heterotopyanin varligina dair dnemli bir gostergedir.
Son donemlerde cografyacilar, ele aldiklar1 yerin ¢ok boyutlu
incelemesi yonlinde bir takim hassasiyetler gelistirmistir.
Bunlardan birisi mekana kesisimsel yaklasmaktir. Ozellikle
postyapisalcilar, sinifsal okumanin hegemonyasina karsilik bir
yerin simifsal acidan degerlendirmesi toplum digina itilen

dezavantajli  gruplari anlamada yetersiz kaldigint  One
siirmektedir. Bir fenomen ya da mekani sinifsal okumanin yanina
artik cinsiyet, irk ve yas gibi kategorilerin kesisiminde okumanin
daha  ger¢cek¢i  oldugu  savunulmaktadir.  Dolayisiyla
Kanalboyu’ndaki heterotopyanin &zellikle cinsiyet agisindan
¢iktilarmin da sunulmasi kavramin 6ne siirdiigii heterojenlik ve
ozgiirliik gibi degerleriyle olan iliskisini gosterebilir. Ozellikle
kadinlarin  bireysel olarak Kanalboyu’ndaki varliklar1 ve
mekandaki failliklerinin seviyesi ayr1 bir arastirma ile

sorgulanabilir.
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oz

Akcay havzasi asagi cigirinin (Finike/Antalya) kuraklik 6zelligi ve bu alanda su hasadi yapilabilecek potansiyel alanlarin belirlenmesi baslikli bu calismada,
kuraklik ve su hasadi konulari lizerinde durulmustur. Bolgenin kuraklik 6zelligini belirlerken kuraklik indeksleri arasinda yaygin olarak kullanilan
standartlastinilmis yagis indeksi (SYi) kullanilmistir. Ardindan su toplama sistemlerinden bahsedilmistir. Cok Kriterli Karar Verme (CKKV) yéntemlerinden
analitik hiyerarsi prosesleri (AHP) ve mekansal analizlerde kullanilan Cografi Bilgi Sistemleri (CBS), su hasadi yapilabilecek potansiyel alanlarin belirlenmesinde
kullanilan yéntemlerdir. Finike Meteoroloji istasyonu 1973-2021 yillari arasi verileri ile yapilmis standartlastirilmis yagis indisinin yillik ortalama kuraklik
analizi sonuglarina gére son 3 yildir kurak dénemlerin, daha énceki kurak dénemlere gére daha siddetli olmasidir. inceleme alaninin cografi ve meteorolojik
ozellikleri dikkate alinarak 6 kriter belirlenmistir. Bunlar: Arazi kullanimi, nehir mesafesi durumu, jeoloji, egim, yagis ve sicakliktir. Kriterlerin agirliklart AHP
ile belirlenmis ve en fazla 6nemin yagdis oldugu, bunu sirasiyla egim, nehir mesafesi, jeoloji, sicaklik ve arazi kullaniminin takip ettigi gortlmustur. Kriterlere
agirhkh cakistirma analizi yapilarak su hasadi icin %23 kuvvetle uygun alan bulundugu tespit edilmistir.

Anahtar kelimeler: Kuraklik, Yagmur Suyu Hasadi, AHP, SPi, Finike, Akcay

ABSTRACT

This study focuses on drought and water harvesting issues. The standardized precipitation index (SPI) was used to determine the drought characteristics of
the region. To identify potential areas for water harvesting, this study employed analytical hierarchy processes (AHP) from multicriteria decision-making
methods and geographic information systems. The results of the drought analysis of SPI made with the data of the Finike Meteorology Station from 1973
to 2021 showed that the dry periods for the last 3 years have been more severe than the previous ones. The study determined six criteria based on the
geographical and meteorological characteristics of the area: land use, river distance, geology, slope, precipitation, and temperature. The AHP was used to
determine the weights of the criteria, and the results showed that precipitation was the most important criterion, followed by slope, river distance, geology,
temperature, and land use. Weighted overlay analysis was performed on the criteria, and it was found that there was a suitable area with 23% strength for
water harvesting.
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EXTENDED ABSTRACT

Drought is a natural disaster that develops slowly but has a huge impact. The distribution of water resources and precipitation is
uneven worldwide, and water is a cycle. Turkey is located in a semiarid/semihumid climatic region, and if a drought disaster occurs,
different regions can be affected in various ways. Taking measures before a crisis occurs can delay or reduce the severity of disasters.
Therefore, it is essential to harvest rainwater in suitable areas. Water harvesting techniques reduce the effects of water scarcity and
drought by collecting rainwater in arid regions (Kuzucu, 2019: 577). The process of accumulating or storing rainwater falling on the
surface in arid and semiarid areas with little or no precipitation is known as “water harvesting” (Owesis, et al., 2001: 3; Kuzucu 2013: 6).
Water harvesting is a method that has been in use for 40-50 years in many arid regions worldwide. This method is particularly useful in
deserts and dry areas with annual precipitation of 50-80 mm (Koksal, 2000; Kuzucu 2013: 3).

To ensure maximum efficiency in water harvesting projects, suitable areas are identified using multicriteria decision methods, remote
sensing, and geographic information systems. By conserving water, it is possible to achieve positive effects such as reducing the severity
of drought or delaying its onset.

Long-range meteorology bulletin, monthly, annual, and average data of precipitation and temperature parameters of Finike
Meteorology Station, located in the lower part of the Akgay basin, were obtained from the GDM in 4 region.

A location map that denotes the study area’s boundaries and location along with topography, slope, hydrology, soil, and land use maps
was obtained from General Directorate of Maps (GDM). A temperature distribution map was created using the Lapse rate formula in the
ArcGIS 10.5 program, and precipitation distribution maps were created using Kriging analysis.

The standardized precipitation index (SPI) is the most used index to determine drought conditions in any region (Tiirkes, 2012: 15).
Using the method developed by Mckee et al., (1993), the SPI value is calculated by converting the precipitation value into a numerical
value (Arslan et al., 2016: 190). This index can be calculated for different periods, such as 1, 3, 6, 9, 12, and 48 months. To accurately
calculate SPI values, at least 30 years of data are necessary (Mckee et al., 1993; Arslan et al., 2016: 191). To ensure accuracy, 51 years
of data (1970-2021) were used in this study, and the “SPI SL 6.exe” program was used for calculation.

The analytical hierarchy process (AHP) method is the most used method for eligibility analysis (Giiler and Yomralioglu, 2017; Uyan,
2017; Giirkan et al., 2021; Odeker and Bayar, 2021; Akinct et al., 2015; Ertung and Cay, 2020; Akinci et al., 2012; Yal¢in and Yiice,
2018). Herein, six criteria were first determined using the AHP method: slope, land use, geology, stream distance, rainfall, and temperature.
To evaluate the importance of these criteria, 15 comparative matrices were created, and 10 experts were asked to complete a questionnaire
using Saaty’s 1-9 scale. The geometric averages of the completed questionnaires were used to calculate consistency and weight ratios.
The “Super Decisions” program was utilized to determine the weights of each criterion. These weights were then used in the reclassification
process of the maps using the ArcGIS 10.5 program. The resulting “Reclassified” maps were overlapped with the “Weighted Overlay”
analysis to identify suitable potential areas using spatial analysis.

This study utilized various methods and techniques. The standardized precipitation index was used to examine drought, and an annual
average drought analysis was conducted for the basin. Suitability analysis methods were employed to identify potential arcas for water
harvesting. The analytical hierarchy process, a multicriteria decision-making method, played a crucial role in this study. This method
helped determine the criteria and their weights, creating a vector of priorities. Criteria classification was done using the obtained weight
values and geographic information systems, and a map showing suitable arecas was generated using the weighted overlay method.

Based on data from the Finike Meteorology Station, the annual average drought analysis of the standardized precipitation index
between 1973 and 2021 showed that the area was neither completely dry nor completely humid. However, the last three years had more
severe dry periods compared to previous years.

Geographic information systems were used to determine potential areas for water harvesting and conduct spatial analysis. However,
it is important to note that these systems require additional methods, such as analytical hierarchy, to support them. Herein, criteria were
determined, expert opinions were used to determine their weights, classification was performed, and then weighted overlapping analysis
was applied. This led to the identification of strong suitable areas, moderately suitable areas, low-level suitable areas, and unsuitable
areas in the Akcay basin for water harvesting.
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1. GIRIS

Yerkiirenin yapist ve canlilarin yasamlarint devam
ettirebilmesi i¢in suyun 6nemi biylktir. Kuraklik, yagislarin
uzunca yillar boyunca gozlemlenen oranindan daha da az
yeryiiziine diismesi olarak bilinmektedir. Su kaynaklari su
ihtiyacin1  karsilayamaz hale geldiginde kuraklik ortaya
ctkmaktadir. Bazen yalnizca bir mevsim siiriip, sadece az bir
alan1 etkilerken, iklim kayitlart kurakligin bazi durumlarda
uzunca yillar devam edebilecegini ve c¢ok genis alanlari
etkileyebilecegini gdstermektedir (Turan, 2018: 64). Kuraklik
yavas gelisen fakat etkisi ¢ok biiyiik olan bir dogal afettir. Su
kaynaklar1 ve yagislarin, Diinya’nin her yerine esit oranda
dagilmamis oldugu ve suyun bir dongii halinde oldugu
bilinmektedir. Diinya’daki toplam su miktart 1,4 milyar km® ’tiir.
Bu sularin %97,5°1 okyanuslarda ve denizlerde tuzlu su olarak,
%2,5°1 ise nehir ve gollerde tatli su olarak bulunmaktadir
(Korkmaz vd., 2018: 52). Tiirkiye, yar1 kurak/ yar1t nemli iklim
bolgesinde yer almaktadir. Herhangi bir kuraklik afeti yasanacak
olursa her bolge farkli boyutlarda etkilenecek potansiyele
sahiptir.

Insanligin her gecen giin suya duydugu ihtiyagla, su
kaynaklar1 arasindaki fark biiyiik oranda agilmaktadir. Imalatta,
saglikta, tarimda, tiiketimde ve temizlikte oldugu gibi bircok
alanda su kullanilmaktadir. Niifusun artmasiyla birlikte suya
duyulan ihtiyag siirekli artmakta ancak kaynaklar ise
azalmaktadir. Kiiresel iklim degisikligi nedeniyle yagislarin
azalmasma bagli olarak yer alti sularinin azalmasi, gollerin
kurumasi ve akarsularin denize ulagsmadan kaybolmasi gelecekte
ciddi oranda su kitlig1 yaganacaginin gostergeleridir.

Yagis olmayan veya ¢ok az olan kurak ve yar1 kurak alanlarda
yeryliziine diisen yagmur sularinin yerinde biriktirilmesi veya
depolanmasi islemi “su hasadi” olarak tanimlanir (Oweis, vd.,
2001:3; Kuzucu 2013:6). Su hasadi 4500 yil kadar onceki
Akdeniz medeniyetleri zamaninda kullanilan ve 40-50 yildan
beri de diinyanin birgok kurak bolgesinde uygulanmakta olan bir
yontemdir. Bu yontem 6zellikle yillik yagist 50-80 mm olan
¢Ollerde ve ¢ok kurak alanlarda kullanilmaktadir (Koksal, 2000;
Kuzucu 2013:3). Su hasadi, genel anlamda tanimlanacak olursa
catilardan, toprak yiizeylerinden veya havzalardan basit teknikler
ile yagmur sularmin tutulmasi, depolanmasi  olarak
aciklanmaktadir (Ors, vd., 2011:66). Su hasadi, yeryiizii ve
yeralti su kaynaklarinin bulunmadigi alanlarda giivenilir,
saglikl, temiz su avantajint sunmaktadir. Bu dogrultuda, yagisin
yetersiz oldugu c¢ayir alanlarinda ve ekilebilir tarim arazilerinde
verimliligi  yiikseltmek, eckolojik diizenin bozulmamasini

saglamak, agacglandirma ile ¢ollesmeyle miicadele etmek, meyve
ve diger agaclarin yetistirilmesi; hayvanlar icin igme suyu
ihtiyaci ve evsel su ihtiyacinin giderilmesi konular1 da su hasadi
yonteminin uygulanma nedeni olarak sayilabilir. Su hasadi
tekniginde su depolama alanlar1 cati, bahg¢e, meydanlar ve
caddeler, kiiciik toprak ylizeyleri, az egimli bolgeler ve mevsimlik
akarsulart besleyen biiyiik havzalardir. Su depolama ortami ise
yeraltinda su tutma ve toprak yilizeyinde su tutma olarak iki
kategoriye ayrilir. Yeraltinda yapilan su hasadinda sediment,
toprak ve sarniglar kullanilirken, yeryiiziinde yapilan su
hasadinda yine sarniclar, rezervuarlar, su tanklari ve havuz
kullanilmaktadir (Pamuk Mengii ve Akkuzu, 2008:79). Su
hasadi, H.J.Geddes (1965) tarafindan tarim sektoriinde
kullanilmistir. Nehirlerde, derelerde veya akis halinde olan
herhangi bir suyun ikinci kez kullanilabildigini gostermek icin
uygulanan bir teknik olarak gelismistir. Bu yontem su hasadi
terimiyle kullanilmamis olsa da ¢ok eski tarihlerden beri
kullanilan bir yontem olarak bilinmektedir (Pekin Timur vd.,
2012: 170; Suresh, 2000: 951).

Su hasadi konusunda ¢ok kriterli karar verme yontemleri,
uzaktan algilama ve cografi bilgi sistemleri analizleri gibi farkli
aragtirma yontemleri kullanilmaktadir. Suhasadi arastirmalarinda
ana hedef daha fazla oranda su tasarrufu yapilarak, bir¢ok alanda
bu suyun kullaniminin saglanmasi ve kuraklik siddetinin azaltilip
afetin etkisini azaltmaktir. Mevcut ¢aligmada da Akcay havzasi
asag1 ¢igirin kuraklik 6zelliginin agiklanmasi ve o bolgede
yagmur suyunun depolanmasi (su hasadi) i¢in potansiyel
alanlarin belirlenmesi amac¢lanmaktadir.

1.1. Arastirma Alaninin Yeri ve Sinirlari

Arastirma sahasi olan Akg¢ay havzasi asagi ¢igir1, Batt Akdeniz
Boliimii’niin Akdeniz Bolgesinde, idari olarak Antalya ili sinirlart
icerisinde 36°18' Kuzey enlemi ve 30°09' Dogu boylaminda yer
alan Finike ilgesinde bulunmaktadir. Havza, il merkezinin 83 km
batisinda yer almaktadir. Akgay havzasi agagi ¢igirmin dogusunda
Kumluca, batisinda Demre ve Kas, kuzeyinde Elmali ilceleri,
giineyinde ise Akdeniz yer almaktadir. (Sekil 1).

Uzunlugu 33 km olan ve Finike’nin Basgdz Koyii’'nden
dogan Akcay, Yazir Koyii’'nden bir kol ile beslendikten sonra
Gokge ve Tocak daglarindan gelen ¢ay1 kendi biinyesine alarak
Finike ovasini sulamaktadir. Ak¢ay Cayr dogdugu koyiin de
adin1 aldig1 Baggdz Cay1 olarak da taninmaktadir ve Turungova
¢evresinde bulunan Tekke Pinarlarinin da dahil olmasiyla
genisleyip Finike Ovasini gecerek Finike’den Akdeniz’e ulasir
(Sekil 1). Finike Ovast igerisinde genis bir yataga sahiptir ve ova
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icinde genellikle ¢akilli ve kumlu bir yap1 gosterir (TC. Tarim ve
Orman Bakanlig1, 2019).

Yogun yagis alan, Bati Akdeniz’de bulunan Alakir ve Akgay
akarsularinin hem akig 6zellikleri hem de akis gdsterdikleri alanda
yerlesim ve tarim alanlarinin bulunmasi dolayisiyla su hasadi gibi
o6nemli bir konunun bu alanda ¢alisilmasinin daha etkili ve dogru
olacag diistiniilmiistiir. Calisma alaninin “Akcay havzasinin asagi
¢1g1r1” olarak sinirlandirtlmasinin nedeni ise asagt ¢igirinin Finike
ilge sinirlari igerisinde kalmasidir. Bu durum ile aragtirmanin daha
spesifik ve detayli olmasi1 amaglanmistir. Boylece daha hassas
verilerin liretilecegi kanisina varilmistir.

AKCAY HAVZASI ASAGI CIGIRI LOKASYON HARITASI |

ACIKLAMALAR

ARGA WA S ANDENT BOLGES FARACEN T BOLGES
[ caummmnaiam sness DOGU ANADOLY BOLGESI [ uammsmapocesi K

I aoraava [ I ANADOLY BOLGES! A

HOM BULAR J GUNEYDOGU ANADOLY BOLGES! . oz
ACIKGOZ, 2622

Sekil 1: Akcay havzasi asadi ¢igiri lokasyon haritasi
Figure 11: Ak¢ay basin downstream location map

2. MATERYAL VE YONTEM
Calisma alaninin iklim ozellikleri incelenirken Akgay

havzasinin asagr c¢igirinda  bulunan Finike Meteoroloji
Istasyonunun uzun yillik meteoroloji biilteni, yagis ve sicaklik

gibi parametrelerin aylik, yillik, ortalama verileri elde edilmistir.
Elde edilen veriler ile “MS Excel programi” {izerinden
meteorolojik verilerin tablo ve grafikleri olusturulmustur.

HGM (Harita Genel Miidiirliigii)’den elde edilen 1/25.000’lik
haritalar ile “ArcGIS 10.5 program1” iizerinden lokasyon, egim,
hidrografya, toprak ve arazi kullamim haritalar1 yapilmistir.
Alanin iklimi hakkinda bilgi veren sicaklik dagilis haritasi i¢in
ayn1 program iizerinden Lapse rate formiilii ile Kriging analiz
yontemi, yagis dagilis haritasi i¢in Schreiber formiilii ile Kriging
analiz yontemi kullanilarak sicaklik ve yagis dagilis haritalari
olusturulmustur.

Tablo 1: Calismada kullanilan materyal ve ydntem adimlari tablosu.
Table 1: Table of materials and method steps used in the studly.

Calisamada Kullanilan Materyal ve Yontem Adimlari

Standartlastiriimis
Yags indisi (SYi)

Analitik Hiyerarsi
Prosesi (AHP)

Cografi Bilgi
Sistemleri (CBS)
“ArcGIS 10.5” programi
kullanilarak haritala-
rin reclassify islemi
yapilmistir. Daha sonra
yine ayni program lize-
rinden mekansal analiz
icin Agirlik Bindirme
(Weighted Overlay)
islemi uygulanmistir.

“Super Decisions” progra-

mi kullanilarak belirlenen

kriterlerin agirlik oranlar
hesaplanmistir.

“SPI SL 6.exe” programi
kullanilarak ¢alisma alaninin
kurakhk analizi yapilmistir.

Akcay havzasinin asagt ¢igirmin  kuraklik 6zelliginin
belirlenmesinde Standartlastirilmis Yagis Indisi (SYI) yontemi
kullanilmistir.  Herhangi bir bdlgenin kuraklik 6zelliginin
belirlenmesinde kullanilan en yaygin indisin SYI oldugu
bilinmektedir (Tiirkes, 2012: 15). Mckee vd., (1993) tarafindan
gelistirilen yontemde SYI degeri yagis degerinin sayisal bir
degere doniistiirtilmesi ile hesaplanmaktadir (Arslan vd., 2016:
190).

Burada; Xi, belli bir periyot i¢in toplam yagist (mm),
Xort, ayni periyot i¢in ortalama toplam yagis1 (mm),
o ise standart sapmay1 gostermektedir.

X
SY [ = ——— ot
o

Standartlastirilmig yagis indisi degerleri farkli periyotlar (1,
3,6,9, 12,48 gibi) i¢in hesaplanabilirler. Ancak yagis verileri 12
ay ve daha kisa dilimlerde normal dagilima uymayabilirler. Bu
nedenle ¢aligilan konuda 48 aylik dilim dikkate alinmistir ve her
bir veri seti Gamma fonksiyonuna uydurulmustur.
Standartlastirilmis yagis indisi degerlerinin dogru bir sekilde
hesaplanabilmesi icin en az 30 yillik veriye ihtiya¢ duyuldugu

belirtilmistir (Mckee vd., 1993; Arslan vd., 2016: 191).
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Bu nedenle bu galismada 51 yillik veri (1970-2021)
kullanilmis ve hesaplamalar da “SPI SL 6.exe” programi
kullanilarak yapilmistir. Elde edilen degerler “MS Excel”
programu ile grafik haline getirilmistir.

Yer uygunluk analizi ¢aligmalarinda ise literatiir taramasi
sonucunda en fazla Analitik Hiyerarsi Prosesi (AHP) yonteminin
kullanildig: tespit edilmistir (Giiler ve Yomralioglu, 2017; Uyan,
2017; Giirkan vd., 2021; Odeker ve Bayar, 2021; Akinc1 vd.,
2015; Ertung ve Cay, 2020; Akinct vd., 2012; Yal¢in ve Yiice,
2018). Bu yontemle oncelikle amag¢ veya hedefler belirlenir
sonrasinda kriterler belirlenir ve daha sonra gerekirse alternatifler
belirlenir ve hiyerarsik yap1 olusturulur (Tablo 3.2). Olusturulan
her bir kriter ile ilgili degisen 6nem derecelerinin belirlenmesinde
karar vericiye ihtiyag duyan bir teknik olmasindan kaynakli
olarak Onceden belirlenen kriterlerinin karar verici (uzman)
tarafindan goreceli 6nemlerinin belirlenmesine ve daha sonra
her bir kritere gore karar alternatiflerinin belirlenmesini
saglamaktadir. Her bir kriter uzman goriisii tarafindan
degerlendirildikten sonra kriterlerin gdreceli 6nem derecelerini
gosteren ikili karsilagtirma matrisi istiinliiklerin belirlenmesi
amactyla uygulanir, tutarlilik oranlart hesaplanir ve o anketin
kullanilabilir olup olmadig: tespit edilir. Tutarlilik orani kabul
edilebilir
belirlenmektedir. Bdylece en yiiksek degeri elde eden kriterden,

diizeyde ise kriterlerin  Oncelik  siralamasi

en disiik degeri elde eden kritere dogru bir siralama
olusturulmaktadir (Esen, 2008:499; Onder ve Onder, 2013:198;
Yilmaz, 2010: 210; Omiirbek ve Simsek, 2014: 308).

Bu yontem ile yapilacak analiz i¢gin ¢aligma alanina uygun 6
kriter belirlenmistir. Belirlenen kriterler; “egim, arazi kullanima,
jeoloji, akarsu mesafe, yagis miktart ve sicaklik” olmustur.
Kriterlerin 15 adet karsilastirmali matrisi olusturulmus ve 10
uzman goriisten Saaty’nin 1 ve 9 dlgeginde dnem derecesine
Doldurulan anketin
geometrik ortalamalar1 alinmigtir (Tablo 1).

gore anketi doldurmalart istenmistir.

Agirliklarin  hesaplanmasinin  ardindan anketin tutarlilik
orani hesaplanmistir. Tutarlilik 0.10 dan kii¢iik bir deger ¢ikarsa
gecerli anket oldugu anlasilmaktadir (Saaty, 1977). Yapilan
calismanin da tutarlilik orani 0.09 seklinde hesaplanmig ve
gegerli oldugu tespit edilmistir. Tutarlilik formiilii asagidaki
gibidir.

Tutarlilik G&srer-gesi(d:%)

Tutarlilik Orani(CR) =

Rassallik Gostergesi (RI)

Tutarlilik orani, tutarlilik oranimnin (CI) rassal indis
degerine (RI) boliinmesiyle hesaplanir. Rassal indis (RI)
degeri 1’den 9’a dlg¢eklendirilmis rastlantisal ters matris ile
1980; Alkay, 2014: 141). Matris
geneline bakildiginda her satir1 i¢in, slitunlardaki kriterler,

yapilmaktadir (Saaty,

toplam siitun agirligina boliinmiis ve normalize edilmistir.
Olusturulan bu matrisin her satirinin ortalamasi alinarak
agirliklara gore dncelikler vektorii olusturulmustur. Oncelikler
vektorii ikili karsilastirma matrisi ile carpilarak oncelikler
matrisi elde edilmistir. Oncelikler matrisinde her satir toplami
oncelikler vektoriine boliinerek “Amax” degerine ulagilmistir.

Tablo 2: Geometrik ortalamasi alinmis kriter tablosu.
Table 2: Geometric averaged criteria table.

Kriterler

Arazi Kullanimi 9|8|7|6(5(4|3|2|1[2([3|4|5(6]|7|8|9 Akarsu Mesafe
Arazi Kullanimi 9(8|7|6|/5[4/3]21]2|3]|4[5]|6]/7]8]9 Egim
Arazi Kullanimi 9|8|7|6(5|4|3(2|1(2|3|4|5]|6|/7|8]9 Jeoloji
Arazi Kullanimi 9|8|7|6[5|4|3|2[1/2(3/4|5|6|7(8]9 Sicakhk
Arazi Kullanimi 9|8|7|6|5|4|3|2|1[2(3|4|5|6|7|8|9 Yagis Miktan
Akarsu Mesafe 9|8|7|6(5]|4|3(2|1(2|3|4|5|6|/7|8]9 Egim
Akarsu Mesafe ols|7[6[s|4|3][2[1]2]|3]|4]|5[6]7|8]9 Jeoloji
Akarsu Mesafe 9|8|7|e6|5|4|3|2|1|2]3]|4]|5]|6]|7|8]9 Sicaklik
Akarsu Mesafe 9[s|7]|6[s]|4[3]2]|1][2]|3]|4]|5|6|7|8]9 Ya@is Miktari
Egim 9|8|7|6(5|4|3(2|1(2|3|4|5|6|/7|8]9 Jeoloji
Egim 9|8|7]|6(5|4|3(2|1/2|3]|4|5]|6|/7[8]9 Sicakhk
Egim 9|8|7|6|5|4|3|2|1)2(3|4|5|6(7|8|9 Yagis Miktan
Jeoloji 9|8|7|6(5|4|3(2|1(2|3|4|5|6|/7|8]9 Sicakhk
Jeoloji 9|8|7|6|5|4|3|2|1[2(3|4[5|6/7|8|9 Yagis Miktan
Sicakhk 9|8|7]|6|5|4|3|2|1[2(3|4]|5|6/7|8|9 Yagis Miktan
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Formiilde bulunan “n” degeri kriter sayisina karsilik gelirken,
rastgele deger indeksi kriter sayisina gore olusturulmaktadir
(Odeker ve Bakar, 2021: 128).

Anketin kriter agirliklari ve dncelik vektorii tablo 2’teki gibidir.

Tablo 3: Kriter agirliklari tablosu.
Table 3: Table of criterion weights.

Kriter Agirhiklari

1.Yagis Miktar 0.45
2.Egim 0.18
3. Akarsu Mesafe 0.17
4. Jeoloji 0.10
5. Sicakhk 0.06
6. Arazi Kullanimi 0.04

Caligmanin agirlik ve tutarlilik hesaplamalarinda “Super
Decisions” programi kullanilmistir. Elde edilen kriter agirliklari,
ArcGIS 10.5 programi aracilifi ile haritalarin yeniden
siiflandiriimasi igleminde kullanilmugtir. Yeniden
smiflandirilmis (Reclassify)” haritalar daha sonra Agirlikli
Bindirme (Weighted Overlay) analizi ile cakistirilarak uygun
potansiyel alanlarin mekansal analizinin yapilmast igin altlik
olusturulmustur. AHP analizi i¢in izlenen tiim adimlar sirastyla

tablo 3’teki gibidir.

3. BULGULAR

3.1.Ak¢ay Cay1HavzasiAsag1 Cigirinin Standartlastirilmis
Yagis indisine Gore Kuraklik Analizi

Standartlastirilmis yagis indisi, bir bolgedeki yagisin belirli
bir zamanda ortalamadan ¢ikarilip standart sapmaya boliinmesi
ile analiz edilmesidir. En az 30 yillik yagislar ele alinarak, bu
yagislarin 1, 3, 6, 12, 24, 48 aylik vb. zaman periyodlarinda
toplam yagislar lizerinden yapilan islemlerle veriye ulasilmast
amaglanir (McKee vd., 1993; Ircan ve Duman, 2021:7).

Standartlastirilmis yagis indisi degerleri, yagis ile diizenli
olarak artan veya azalan bir egilim sergiler. Secilen zaman dilimi
igerisinde SYI degerlerinin sonucuna bakilarak, kurak donemler
ve nemli dénemler mevcuttur. SYI degerleri géz oniine aliarak
yapilan kuraklik analizinde indeksin devamli olarak negatif
degerde oldugu donem kurak donem olarak agiklanmaktadir.
Yapilan analizlerde degerlerin sifirin altina ilk diistiigii donem
kurakligin baglangici olarak belirlenirken, analizin pozitif degere
ulastig1 ay kurakligin sonu olarak agiklanmaktadir (Tablo 4)
(Ozgiin, vd., 2020: 878).

1973-2021 wyillart arasinda Finike istasyonu verilerine gore
standartlastinilmig yagis indisi analizi yapilmistir (Sekil 2). Elde

Tablo 4: Calismada uygulanan AHP ve uygunluk analizi adimlarinin tablosu.
Table 4: Table of AHP and fitness analysis steps applied in the study.

Akcay Havzas1 Asag1 Cigirinda Su Hasadi Yapilabilecek Potansivel Alanlarin Belirlenmesi

Kriterler
1.Egim 2. Arazi Kullanmu 3. Jeoloji 4. Akarsu Mesafe 3. Yagg Miktan 6. Sicaklik
Alternatifler
1.1. Tam Diizhiak 2.1. Tanm Alam 3.1. Aliivyon 4.1.0-50m 3.1. 741-1000mm 6.1.6-10 °C
1.2. Dalgah Diizhitk 2.2.Bag ve Meyvelik Alan|3.2. Kiltas1 42.50-100m 5.2. 1000-1250mm 6.2.10-12°C
1.3. Az Egimli Yamag 2.3. Yerlegim Alam 3.3. Konglomera, Kum ve Kiltagi|4.3. 100-200m 3.3. 1250-1500mm 6.3.12-14°C
1.4. Egimhi ve Dik Yamag |2.4. Cayur ve Meralik Alan |3.4. Kirectas: 4.4. 200-300m 5.4. 1500-1750mm 6.4.14-16°C
1.5. Cok Dik Yamag 2.5. Omanhik Alan 3.5. Talus 4.5. 300m ve iizeri 5.5.1750mm ve iizeri |6.5. 16 °C ve tizeri

1. Ikili karsilastima matrislerinin olugturulmasy, uzman gonis tarafindan doldurulmasy, hesaplamalanmn yapilmasi

2. Amnalitik hiverarsi siireci ve knter aguliklanmn hesaplanmasi

3. CBS ile yeniden simflandirma (Reclassify) ve Cakistuma analizi (Weighted Overlay)

4. Akcay Havzas1 Asag Cidmnda Su Hasadi Yapilabilecek Potansiyel Alanlar Haritast
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edilen verilerde 1973 yilindan 2021 yilina kadar kurak donemler ve
nemli donemler yasanmis olup, donem donem dalgalanmalar
goriilmiistiir. 1973 de -1,55 degerinde siddetli kurak dénem
yasanmigken, 1976-1977 yilina kadar giderek azalan kurak donemler
yasanmistir.

1978’de 0,35 ile 1979’da -0,0 degeri ile normal civari
donemler yasanmistir. Kurak donemlerden sonra 1978 ile normal
civart donemler 1986 yilina kadar siirmiistiir. 1983°te 1,18 deger
ile orta nemli dénem yasanmustir.

Daha sonra 1987 yili itibariyle 1998 yilina kadar negatif
degerde donemler yasanmis olup 1992 yilinda -2,03 degeri ile
olaganiistli kurak donem yasanmustir. Bu tarihler araliginda en az
negatif degere sahip yil ise 1998 yil1 olarak belirlenerek -0,18 ile
normal civar1 donem olarak agiklanmaktadir.

Tablo 5: SYi metoduna gére indeks degerleri ve siniflandirma tablosu.
Table 5: Index values and classification table by SPI method.

1999 yil1 0,10, 2000 y1il1 -0,11, 2001 y1l1 0,07, 2002 y1l1 0,49
degerler ile normal civari donem yasanmistir. 2003-2008 yillart
arasinda pozitif degerler gdzlemlenerek, en yiiksek deger 2005
yilinda 2,46 ile olaganiistii nemli donem olarak tespit edilmistir.
2009 yilinda tekrar negatif doneme donse de -0,06 degeri ile
normal civar1 donem yasanmistir.

Daha sonra 2010- 2016 yillar1 aras1 yine pozitif donem olarak
ilerlemistir. Bu donem igerisinde en yiiksek nemlilik oranina
sahip y1l ise 2013 yilidir. 1,06 degeri ile orta nemli donem olarak
degerlendirilmektedir. En diisiik nemlilik oranina sahip yil ise
0,06 degeri ile 2016 yili, normal civari olarak belirlenmistir.
2017 yilindan 2021 yilina kadar ise negatif degerler goriilmiistiir.
En yiiksek negatif deger -0,94 ile 2019 yili, orta kurak dénem
olarak adlandirilir. En az negatif degere sahip yil ise 2017 y1linda
gozlemlenmisolup,-0,51 ile hafifkurak olarak adlandirilmaktadir.
Olgiilen ve degerlendirilen son yil ise 2021°de -0,80 ile negatif
deger goriilmiis olup orta kurak dénem olarak degerlendirilmistir.

Sekil 3’te 2005-2021 yillar1 arasinda standartlastirilmis yagis
indisi analizinin kig mevsimi ortalamalar1 verilmistir. Bu tabloya
gore verilen degerlerde eksiye inilerek kurak doénemler

goriilmemistir.

2005 yilinda 0,08; 2006 yilinda 0,25; 2007 yilinda; 0,18;
2008 yilinda 0,19; 2009 yilinda 0,43 degerler ile normal civari
kuraklik durumu var iken, 2010 yilinda 0,75 ile hafif nemli bir
y1l oldugu analiz edilmistir. 2011 yilinda 0,90; 2012 yilinda 1,22
ile orta nemli; 2013 y1linda 1,39; 2014 yilinda 1,40; 2015 yilinda

FINIKE ISTASYONU 1973-2021 YILLARI ARASINDA STANDARTLASTIRILMIS YAGIS INDiSi ANALIZINE
GORE YILLIK ORTALAMA DEGERLER GRAFiGi
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Sekil 2: Finike Meteoroloji Istasyonu 1973-2021 yillari arasi standartlastiriimis yagis indisi
analizine gore yillik ortalama kuraklik durumu grafigi
Figure 2: Annual average drought situation graph according to standardized precipitation index analysis of
Finike Meteorology Station between 1973-2021.
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FINiKE iSTASYONU 2005-2021 YILLARI ARASI STANDARTLASTIRILMIS
YAGIS INDiSi ANALIZINE GORE KIS MEVSiMi ORTALAMA DEGERLER
GRAFIGI
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Sekil 3: Finike Meteoroloji istasyonu 2005-2021 yillari arasi standartlastiriimis yagdis indisi
analizine gore kis mevsimi ortalama kuraklik durumu grafigi
Figure 3: Winter season average drought situation graph according to the standardized precipitation
index analysis of Finike Meteorology Station between 2005-2021

1,46 ile ¢ok nemli; 2016 yilinda 1,17; 2017 yilinda 1,20; 2018
yilinda 1,18; 2019 yilinda 1,27; 2020 yilinda 1 kuraklik degeri
ile orta nemli donemler yasanmisken 2021 yilinda ise 0,49 ile
normal civari kuraklik durumu saptanmistir.

Sekil 4’te 1985- 2021 yillar1 arasindaki standartlastiriimis
yagis indisi analizinin yaz mevsimi ortalamalari verilmistir.
Tabloya bakildiginda eksi degerler ve art1 degerler, inis ¢ikis
durumu s6z konusudur. 1985 yilinda -0,65; 1986 yilinda -0,59
ile hafif kurak donemler yasanmistir. 1987 yilinda -0,16; 1988
yilinda -0,31; 1989 yilinda -0,39; 1990 yilinda -0,46; 1991
yilinda -0,17 ile normal civart donemler yaganmistir. 1992
yilinda 0,70; 1993 yilinda 0,54 ile hafif nemli bir dénem, 1994

yilinda 0,26; 1995 yilinda 0,27; 1996 yilinda 0,37 ile normal
civart donemler yasanmistir.

1997 yilinda 0,66 ile hafif nemli; 1998 yilinda 0,24; 1999
yilinda -0,21; 2000 yilinda -0,19; 2001 yilinda -0,18; 2002
yilinda 0,14 kuraklik degerleri ile normal civari kuraklik durumu
analiz edilmistir. 2003 yilinda 1,28 ile hafif nemli bir dénem,
2004 yilinda ise 1,08 ile orta nemli donem yasanmistir. 2005
yilinda 1,76; 2006 yilinda 1,74 deger ile agirt nemli bir donem
yasanmustir. 2007 yilinda 1,44 ile ¢ok nemli; 2008 yilinda 0,42;
2009 yilinda 0,34; 2010 yilinda 0,29; 2011 yilinda 0,10; 2012
yilinda 0,07; 2013 yilinda -0,19; 2014 yilinda 0,20; 2015 yilinda
0,20; 2016 yilinda -0,22; 2017 yilinda -0,19; 2018 yilinda -0,05

FINIKE ISTASYONU 1985-2021 YILLARI ARASI STANDARTLASTIRILMIS YAGIS
INDisi ANALIZINE GORE YAZ MEVSIMI ORTALAMA DEGERLER GRAFIiGi
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Sekil 4: Finike Meteoroloji Istasyonu 1985- 2021 yillari arasi standartlastiriimis yagis indisi
analizine gore yaz mevsimi ortalama kuraklk durumu grafigi
Figure 4: Summer season average drought situation graph according to the standardized precipitation
index analysis of Finike Meteorology Station between 1985 and 2021
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ile normal civari durum seyrederken, 2019 -1,95 ile ¢ok siddetli
kurak donem yasanmistir. 2020 yilinda -2,10; 2021 yilinda ise
-3,57 ile olagantistii kurak donemler yaganmigtir.

3.2. Ak¢ay Cayr Havzasi Asag Cigirinda Su Hasadi
Yapilacak Alanlar1 Belirleme Analizi

3.2.1. Analitik Hiyerarsi Siireci (AHP)

Analitik Hiyerarsi Prosesi (AHP), cok kriterli karar verme
yontemlerinden biridir ve birden fazla nicel veya nitel kriterin
karmasik problemlerine ¢6ziim sunmak amactylaolusturulmustur.
[k olarak 1970’li yillarin basinda, Thomas L. Saaty tarafindan
Wharton School of Business’da karmasik cok kriterli karar
verme problemlerinin ¢dziimii igin gelistirilmistir. Uygulamasi
kolay olan analitik hiyerarsi tekniginin kritik &neme sahip
noktasi, sayisal olarak belirlenebilecek objektif yargilar ile
siibjektif nitelikli yargilar1 bir arada bulundurabilmesidir (Onder
ve Onder, 2013: 198; Omiirbek ve Simsek, 2014: 308).

Mevcut calismada da oncelikli olarak amag belirlenmistir.
Temel ama¢ Akcay havzasi asagi ¢igiriin (Finike/ Antalya) su
hasad1 yapilabilecek potansiyel alanlarinin belirlenmesidir.
Amag belirlendikten sonra problemin ¢6ziimii odakli olarak
hiyerarsik tablo olusturulmustur (Tablo 5).

Olusturulan hiyerarsik tabloya amag ve alt kriterler eklenir.
Birgok literatiirden de elde edilen bilgiler dahilinde havzalarda
yapilan su hasadi calismalarinda en fazla tercih edilen cografi

faktorlerin egim, arazi kullanimi, jeoloji, akarsuyun su hasadi
yapilacak olan alana mesafesi, yagis miktar1 ve sicaklik faktori
oldugu belirlenmistir (Michael Ward, vd., 2021; Ammar Adham,
vd., 2016; Sanlisoy, 2002; Imzahim A. Alwan, vd., 2020; Shaho
Khorsheed NOORI, 2021; Centre for Development and
Environment, 2013).

Inceleme alani igin 6 kriter belirlenmis olup, 15 tane ikili
karsilastirma matrisi olusturulmustur (Sekil 5).

Olusturulan karsilastirma matrisi 2 Profesor, 2 Dogent, 2
Doktor Ogretim Uyesi, 1 Ogretim Gorevlisi, 2 Arastirma
gorevlisi ve 1 konuyu calisan yiiksek lisans 6grencisi tarafindan
cevaplanarak toplamda 10 uzman gorlis yardimiyla 1 ve 9
arasinda ol¢eklendirilerek 6nem dereceleri karsilagtirilmis olup,
uzman goriislerin geometrik ortalamalari alinmistir (Tablo 6)
(Sekil 5).

Akgay havzasinin asagi ¢igirinda su hasadi yapilabilecek

potansiyel alanlarin  belirlenmesi  amaciyla  olusturulan
karsilastirma matrisi ile akarsu mesafe faktoriiniin 5 Slgeginde
arazi kullanim faktoriine gére daha onemli, egim faktdriiniin 6
Olgeginde arazi kullanim faktoriine gore daha 6nemli, jeoloji
faktoriiniin 3 Slgeginde arazi kullanim faktdriine gore daha 6nemli,
sicaklik faktoriiniin 4 Olgeginde arazi kullanim faktoriine gore
daha 6nemli, yagis miktar1 faktoriiniin 7 6lgeginde arazi kullanim
faktoriine gore daha 6nemli, e§im faktoriiniin ve akarsu mesafe
faktoriinlin 1 6lgeginde esit oldugu, akarsu mesafe faktoriiniin 3

Olgeginde jeolojiye gore daha Onemli oldugu, akarsu mesafe

Tablo 6: AHP analizi icin kullanilan kriterler.
Table 6: Criteria used for AHP analysis.

AKGAY HAVZAS| ASAGI GIGIRINDA SU HASADI YAPILABILECEK POTANSIYEL ALANLARIN BELIRLENMES

EGiM ARAZI KULLANIMI JEOLOJI

AKARSU MESAFE YAGIS MIKTARI SICAKLIK

Tablo 7. Saaty’nin Olcek Aciklama Tablosu (Saaty, 1990; Altunay, 2018: 26).
Table 7. Saaty’s scale explanation table (Saaty, 1990; Altunay, 2018: 26).

Sayisal Degerler Tanim Aciklama

1 Esit Hedef icin her iki kriterin de esit hemde olmasi durumu.

3 Kismen Onemli Tecrlibe ve yargilara gore bir kriterin digerine gore glicli sekilde desteklenmesi durumu.
5 Onemli Tecriibe yargilara gore bir kriterin digerine gore gi¢lu sekilde desteklenmesi durumu.

7 Cok Onemli Kriterlerden birisinin guiclii bir sekilde tercih edilmesi ve bu durumun pratikte kanitlanmis olmasi.
9 Kuvvetli Derecede Onemli Bir kriterin digerine gore glclu olduguna iliskin gticli kanitlar olmasi durumu.
2,4,6,8 iki bitisik yargi arasindaki ara degerler (uzlasma degeri)  Tercih degerlerinin birbirine yakin oldugu uzlasma gerektiren durumlarda kullanilir.
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Network Judgments S Ratings
1. Choose 2. Node comparisons with respect to Ak¢cay Havzasi Asagi ~

MNode Cluster Graphical Verbal Matrix Questionnaire Direct
Choose Node =«»| Comparisons wrt "Akcay Havzasi Asadl Ciginnda Su Hasadi Yapilabilecek Potansiyel Ala
| nlann Belirlenmesi" node in "Kriterler” cluster

1. 1.AraziKui~ >=9.5|o|8|7|6|5|4|3|2| |2]3|4]s 6]7]|s] >=9.5 |No comp)2. Akarsu me~
2. 1.AraziKul~ >=9.5|9|8|7|6|5|4|3|2| |2|3|4]5[s 7|2|s] >=9.5 |No comp)s. Egim
Choose Cluster <=l 3. 1.Arazikul~ >=9.5|9|8|7|6|5|4|3]2| |2[s 4|s|6|7|8|s| >=9.5 |No comp]4. sectos
Kiterler —| 4 1.Arazikui~ >=05|o|s|7|6|s|s|s|2| |2]3]4 5|6|7]8|o| >=0.5 [No comp]s. sicakiik
5

Akcay Havzas) ~
Cluster: 1. Amag

1. Arazi Kul~ :ﬂ.5|nla|?|uls|4|alz| |2]3|4|sls 7 B]9| s-:a.slna uomp.]s. Yagrs Mik~

. 2. Akarsu Me~ >=9.5 |nls|7|s| 5|4|312r 2‘ 3|4|5J6|?|BI9| >=0.5 |Na r.omp.l:s. Egim

7. 2. Akarsu Mo~ >=9.5 |9|8|7|6|5|4[3 2| |2]3|4]s|6|7]8|0] >=0.5 [No comp]4. secio)i

8. 2. Akarsu Mo~ >=9.5 |9|8|7|6|5|4 3|2| |2]3|4|5]6|7]8|0] >=0.5 |No comp]s. sicakik

9. 2. Akarsu Me~ >=9.5 |9|8|76|5|4]3]2| |2|3|4[s 6]7|8|s] >=9.5 [No comp]6. Yags Mik~

10. 3.Egim >=9.5 |9|8|7|6|s|4 3|2| |2|3|4|5|6|7|8|0| >=9.5 |No comp]4. sectosi
1. 3.Egim >=0.5|9|8|7|6|5|4[3 2| |2|3]4|5]|7||s] >=9.5 |No comp)s. sicakik
12 3.6gim >=0.5 [o|8|7]6|5|4|3]2| |2|3]4 5|6|7|8|o| >=0.5 |No comp]e. vagrs mik-
13.  4.Jeoloji >=0.5|9|8|7|6|5[4 3|2| |2]3|4]5|6|7]8|e| >=0.5 |No comp]s. sicar
14, 4. Jeoloji >=9.5|9(8|7|6(5|4|3|2| |2|3|4 5 Gl? 8|9| >=9.5 |No compJ 6. Yafis Mik~

15. 5.Slclltlllll »=0.5|9|8|7|6|5/4|3|2 213 4|5 6 7|8|9| >=9.5 |No comp{6. Yagis Mik~

Sekil 5: Kriterlerin karsilastirma matrisi ve geometrik ortalamalari
Figure 5: Comparison matrix and geometric mean of criteria

faktoriiniin 4 dlgeginde sicaklik faktoriinden daha 6nemli oldugu, Hesaplanan kriter agirliklart ise 0.45 agirhigr ile yagis miktart

yagis miktart faktoriiniin 5 6lgeginde akarsu mesafe faktoriine faktorii en fazla degeri alan kriterdir. Yagis miktart faktorini

gore daha 6nemli oldugu, egim faktoriiniin 4 olgeginde jeoloji takiben 0.18 agirlik ile egim faktorii gelmekte ve daha sonra 0.17

faktoriine gére daha 6nemli oldugu, egim faktdriiniin 3 dlgeginde agirlik degeri ile akarsu mesafe faktorii, daha sonra 0.10 agirligt

sicaklik faktdriine gore daha onemli oldugu, yagis miktari ile jeoloji faktorii, daha sonra 0.06 agirligi ile sicaklik faktorii, en

faktoriiniin 4 6lgeginde egim faktoriine gore daha 6nemli oldugu, az agirliga sahip faktor ise 0.04 agirligi ile arazi kullanim faktorii

jeoloji faktoriiniin 4 Olgeginde sicaklik faktdriine karsi daha oldugu saptanmustir (Sekil 6).

onemli oldugu, yagis miktar1 faktoriiniin 4 Olg¢eginde jeoloji

faktoriine karsi daha 6nemli oldugu, yagis miktarmin 6 dlgeginde 3.2.2. Agirhikh Cakistirma Analizi

sicaklik faktoriine karsi daha énemli oldugu uzman goriislerinin

geometrik ortalamas1 alinarak tespit edilmistir. Agirlikli gakistirma analizi (Weighted Overlay) herhangi bir

projenin uygun yer se¢iminde oncelikli olarak kullanilan analiz

Olusturulan karsilastirmali matris sonucunda ise kriterlerin cesitlerinden bir tanesidir. Bu analiz yontemi kullanilirken

agirliklart “Super Desicions” programi ile hesaplanmistir. cografi bilgi sistemlerinin, mekéansal uygunlugunu tespit

etmemizi saglayan araglarindan birisi olan ArcGIS-Arc Map
10.5 programindan yararlanilmistir. Ilk olarak kriterlerin her

= 3. Results > . ! ak fiterlerin
Normal — tivbrd | — birinin altlik haritalari olan; arazi kullanim haritasi, egim haritas,
—— nviote | oos jeoloji haritasi, drenaj yogunlugu haritasi, yagis dagilis haritasi

0.17
018 ve sicaklik dagilis haritasi olusturulmustur. Olusturulan bu

0.10
0.06
0.45

haritalar vektdr haritalara dondstiirilmek icin 3D Analyst

Tools’undan, Raster Reclass Tool’una ulasarak reclassify ile
siniflandirilmistir (Sekil 7-12). Siniflandirilirken her bir kriterin

alternatifleri 1-5 arasinda puanlanmislardir. Uygun olan alternatif
Sekil 6: Kriter agirhiklari

: e ) degerleri igin 5, ara degerler de uygunluk durumuna gore 4,3,2
Figure 6: Criterion weights

94



ACIKGOZ, AKKOPRU / Cografya Dergisi - Journal of Geography, 2023, 47: 85-100

Tablo 8: Agirlikli cakistirma yonteminde kullanilan kriterlerin
alternatifleri ve agirhk dereceleri.

Table 8: Alternatives and weight grades of the criteria used in the
weighted overlay method.

Temel Parametre Faktorleri ~ Agirlik Siniflari A?Irhk .
Parametreler Degerleri
(KUA\\/I:‘I\'/I?I:I:ER) Kuvvetli Onemli 5
Kiltasi (TRIAS) Cok Onemli 4
Litoloji Konglomera-Kum-Ki- L .
) reztag (MIOSEN) Biraz Onemli 3
Kirectasi (MESOZOIK) Onemli 2
Talus (KUVATERNER) Onemsiz 1
0-20 L .
(Tam Diizliik Alan) Kuvvetli Onemli 5
20-40 . .
(Dalgal Duzliik Alan) Gok Onemli 4
Egim (%) 40-60 o )
9 (Az Egimli Yamac) Biraz Onemli 3
60-80 - .
(Egimli ve Dik Yamac) Onemii 2
80+ (Cok Dik Yamac) Onemsiz 1
741-1000 mm Kuvvetli Onemli 5
1000-1250 mm Cok Onemli 4
Yagis (mm) 1250-1500 mm Biraz Onemli 3
1500-1750 mm Onemli 2
17504+ mm Onemsiz 1
6-10°C Kuvvetli Onemli 5
10-12°C Gok Onemli 4
Sicaklik 12-14°C Biraz Onemli 3
14-16 °C Onemli 2
16 +°C Onemsiz 1
Tarnim Alani Kuvvetli Onemli 5
Bagcilik ve Meyvecilik Cok Onemli 4
Yerlesim Alani Biraz Onemli 3
Arazi Kullanim Cayir ve Meralk Bnemli 3
Alanlar
Orman Onemsiz 1
Kayalik Alanlar Derecelendirilmedi 0
0-50m Kuvvetli Onemli 5
50-100 m Cok Onemli 4
Akarsu Mesafe 100-200 m Biraz Onemli 3
200-300m Onemli 2
300+ m Onemsiz 1

seklinde puanlanmis ve uygun olmayan alternatif degerleri i¢in 1

puanlamas1 yapilmistir (Tablo 7).

5: Kuvvetli derecede 6nemli
4: Cok 6nemli

3: Biraz 6nemli

2: Onemli

1: Onemsiz

Smiflandirilmis yagis haritasinda;

Finike ovasindan itibaren Yalniz Mahallesine kadar ortalama 741-
1000 mm aras1 yagis goriilmektedir. Asaronii Mahallesi, Alacadag
Mahallesi, Gokceyaka Mabhallesi, Gokbiik Mahallesi, Yesilkoy
Mahallesi, Arif Mahallesi ve Yazir Mahallesi ortalama 1000-1250

AKGAY HAVZAS| ASAGI GIGIRI KRITERLERE GORE SINIFLANDIRILMIS YAGIS DAGILIS HARITASI

B
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Sekil 7: Calisma alani yagis dagihs haritasi
Figure 7: Study area precipitation distribution map
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Sekil 8: Calisma alani egim haritasi
Figure 8: Study area slope map

95



ACIKGOZ, AKKOPRU / Cografya Dergisi - Journal of Geography, 2023, 47: 85-100

AKGAY HAVZAS| ASAGI GIGIRI KRITERLERE GORE SINIFLANDIRILMIS AKARSU MESAFE HARITASI|

KGCAY HAVZAS| ASAGI CIGIRI KRITERLERE GORE SINIFLANDIRILMIS SICAKLIK DAGILIS HARITASI
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ACIKGOZ, 2022

Sekil 9: Calisma alani akarsu mesafe haritasi
Figure 9: Study area stream distance map
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Sekil 10: Calisma alani jeoloji haritasi
Figure 10: Study area geology map
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Sekil 11: Calisma alani sicaklik dagihs haritasi
Figure 11: Study area temperature distribution map
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Sekil 12: Calisma alani arazi kullanim haritasi
Figure 12: Study area land use map
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mm yagis alan bolgelerdir. Tocak Dag1, Camlibel Mahallesi, Goltarla
Mahallesi ve Basgdz Mahallesi 1250-1500 mm yagis alan bolgelerdir.
Cehennem Dag1 ve Giingali Mahallesi 1500-1750 mm yagis alan
bolgelerdir. Son olarak da Alacadag, Susuz Dag1 ve Kartal Dagi 1750
mm ve lizeri yagis alan bolgelerdir (Sekil 7).

Siniflandirilmis egim haritasinda;

Finike ovasmin bulundugu alan, Yalniz Mahallesinin giineyi,
Camlibel Mahallesi, Giingali Mahallesi, Bagg6z Mahallesi ve Goltarla
Mahallesi tam diizliik olarak smiflandirilan alanlardir. Boldagm bir
kismu, Yesilyurt Mahallesinin batisi, Asaronii Mahallesi, Gok¢eyaka
Mahallesinin bir kismi, Gokbiik, Yesilkdy, Yazir ve Arif Mahalleleri
dalgali diizliik ve az egimli yamag olarak siniflandirilan alanlardandir.
Tocak Dag1, Gililmez Dagi, Keslik Dagi, Alacadag, Kuyucak Dagi,
Cehennem Dagi, Susuz Dag1 ve Kartal Dagi tam diizliik, dalgali
diizlik, az egimli yamag, egimli ve dik yamag, ¢ok dik yamag
siniflariin hepsinin de yer yer goriildiigi alanlardir (Sekil 8).

Smiflandirilmis akarsu mesafe haritasinda;

Finike ovasi ve c¢evresinde, akarsu vadisi ve gevresinde,
egimin az oldugu alanlarda 0-50 m, 50-100 m ve yer yer de 100-
200 metre uzaklikta alanlar goriilmektedir. Egimin fazla oldugu
engebeli ve yliksek alanlarda ise 200-300 m uzaklikta, 300 m ve
iizeri uzaklikta alanlar goriilmektedir (Sekil 9).

Smiflandirilmis jeoloji haritasinda;

Finike ovasinin Kuvaterner yagh aliivyonlarla kapli oldugu,
Giingali Mabhallesinde ve Goltarla Mahallesinde yer yer
Kuvaterner yaslt aliivyonlarin goriildiigi tespit edilmistir.
Camlibel Mabhallesi Trias yasl kil taglarindan olugmaktadir.
Asardnii Mahallesinin batisi, Alacadag Mahallesi, Gokgeyaka
Mabhallesi, Yalniz Mahallesi, Yesilkoy Mahallesi, Arif Mahallesi
ve Giingali Mahallesinde Miyosen yasli konglomera, kum ve
kiregtaglari mevcuttur. Calisma alanmin biiyiik ¢ogunlugu
Mesozoik yash kirectaslarindan olugmaktadir. Goltarla, Basgoz,
Gilingali Mabhallelerinde, Yesilyurt Mahallesinin batisinda,
Turungova ve Arif Mahallelerinin giiney dogusunda yer yer
Kuvaterner yasl Talus’lar goriilmektedir (Sekil 10).

Siniflandirilmis sicaklik haritasinda;

Akcay havzasi asagi ¢igirinda bulunan yerlesim alanlarinin
biiyiik ¢cogunlugunda sicakliklar 16 °C ve iizeri sicakliga sahip,
Keslik Dag1 ve Tocak Dag1 14-16 °C, Cehennem Dagi1 12-14 °C,
Pancarli Dag1 ve Susuz Dag1 10-12 °C, Alacadag ve Kartal Dag1
ise 6-10 °C sicakliklara sahiptir (Sekil 11).

Smiflandirilmis arazi kullanim haritasinda;

Caligma alaninin biiyiik ¢ogunlugu alan olarak ormanlik ile
kaplidir, daha sonraki biiylik ¢ogunlugu ¢ayir ve meralik alan
kaplamaktadir. Finike ovasi bagcilik, meyvecilik ve yer yer de tarim
alanlartyla kaplidir. Alanin kuzeyi tarim alanlartyla yogunlagmis
olarak bulunmakta giineyi ise hem bagcilik, meyvecilik hem de
tarim alanlarryla yogunlagmig durumdadir. Elbette bagcilik,
meyvecilik ve tarim alanlarinin bulundugu bolgelerde yogunlasan
su hasadinm pozitif etkileri fazladir. Elde edilen yagmur sulari tarim
arazilerinde kullanilarak tekrar doniistiiriiliir ve aslinda amag¢lanmak
istenen tasarruf elde edilmis olur (Sekil 12).

SONUC VE ONERILER

Tiim yapilan analizler sonucunda Akgay havzasi asagi ¢igir1 su
hasadi yapilabilecek potansiyel alanlar haritast olusmustur (Sekil
14). Bunun yan sira Calisma alanminda su hasadi yapilabilecek
potansiyel alanlarin yiizde (%) ve hektar (hm2) cinsinden kapladigt
yiizeyler hesaplanmistir (Tablo 8), (Tablo 9), (Sekil 13). Elde edilen
sonuglara gore kuvvetli derecede uygun alanlar % 23, orta derecede
uygun alanlar %51, diisiik derecede uygun alanlar %11 ve uygun
olmayan alanlar %15 olarak 4 smifta incelenmektedir (Tablo 8).

Tablo 9: Su hasadi yapilacak alanlarin % cinsinden
kapladigi hektar alan tablosu.
Table 9: Table of hectare area occupied by water harvesting areas in %.

Akgay Havzasi Asagi Cigiri Su Hasadi Yapilabilecek Potansiyel Alanlarin
% Cinsinden Kapladigi Hektar Alan

Alanlar Kapladigi Alanlar (%)
0 (Uygun Olmayan Alan) 15
1-2 (Dusuk Derecede Uygun Alan) 11
3-4 (Orta Derecede Uygun Alan) 51
5 (Kuvvetli Derecede Uygun Alan) 23

Tablo 10: Akcay havzasi asadi ¢igiri su hasadi yapilacak alanlarin hektar (hm2) cinsinden degerlendirilmesi.
Table 10: Evaluation of the areas to be harvested in Ak¢ay basin lower pile water harvest in hectares (hm?2).

Akcay Havzasi Asagi Cigiri Su Hasadi Yapilabilecek Potansiyel Alanlarin Hektar (Hm?) Cinsinden Degerlendirilmesi

Yerlesim Alanlari Tarim Alanlan Bagailik ve Meyvecilik Ormanlik  Cayir ve Meralik Kayalik Alanlar
Alanlari Alanlar Alanlar
0 (Uygun Degil) 0 0 0 0 0 9191,63
1-2 (Duslik Derecede Uygun) 3,83 23,66 0 4887,25 3158,65 0
3-4 (Orta Derecede Uygun) 560,84 4425,13 848,6 15071,08 12502,8 0
5 (Kuvvetli Derecede Uygun) 308,67 386 2490,12 0,09 0,04 0
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AKCAY HAVZASI ASAGI CIGIRI SU HASADI YAPILABILECEK
POTANSIYEL ALANLARIN HEKTAR (hm?) CINSINDEN
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Figure 13: Graph where the potential areas where water can be harvested from the lower part of the Ak¢ay basin are evaluated

M0 (Uygun Degil)

m 1-2 (Distik Derecede Uygun)

m 3-4 (Orta Derecede Uygun)
5 (Kuwvetli Derecede Uygun)

Sekil 13: Akcay havzasi asadi ¢1giri su hasadi yapilabilecek potansiyel alanlarin hektar (hm2)

cinsinden degerlendirildigi grafik

in terms of hectares (hm2)

AKGAY HAVZASI ASAGI GIGIRI SU HASADI YAPILABILECEK POTANSIYEL ALANLAR HARITASI
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Sekil 14: Akcay havzasi asadi ¢igir su hasadi yapilabilecek
potansiyel alanlar haritasi
Figure 14: Map of potential areas where water harvesting can be done
downstream of the Ak¢ay basin

Sahilkent, Saklisu, Yuvalilar, Turungova, Yesilyurt, Kum,
Finike merkez, Boldag ve Orta mahalle Finike ovasinda bulunan
mabhallelerdir. Bu yerlesmeler su hasadi yapmak icin kuvvetli
derecede uygun potansiyel alanlar olarak belirlenmigtir. Bunun
yani sira Finike ovasinda bulunmayan Asardnii, Gokgeyaka,
Gokbiik, Bogaz, Yalniz, Yesilkoy, Yazir, Arif, Basgoz, Goltarla,
Giincali ve Alacadag Mahalleleri de su hasadi yapilabilecek
potansiyel alanlardan kuvvetli derecede uygun alanlar siifinda
yer almaktadir. Az egimin bulundugu dalgali diizliik olan, vadi
yamagclar1 ise orta derecede su hasadi potansiyel alanlarini
olusturmaktadir. Susuz Dagi, Kartal Dagi, Pancarli Dagi,
Alacadag su hasadi yapilmasinin miimkiin olmadig: alanlar
siifinda yer almaktadir. Saklisu’nun kuzeyinde bulunan alan ve
Gililmez Daginin giineyinde bulunan alan da su hasadi
yapilmasinin miimkiin olmadig1 alanlar sinifinda yer almaktadir.
Kayalik alanlar ve ¢ok dik yamaclar su hasadinin yapilmasinin
miimkiin olmadigi alanlar sinifina girmektedir. Az egimli ve dik
yamag olarak siniflandirilan alanlar ise diisiik derecede su hasadi
yapilmas1 miimkiin olan alanlar sinifinda yer almaktadir.

Finike Meteoroloji Istasyonu verilerine gore 1973-2021
yillar1 aras1 standartlastirilmis yagis indisinin yillik ortalama
kuraklik analizi sonuglarinda da goriildiigii gibi ne tamamen
kurak ne de tamamen nemlilikten s6z edilmesi miimkiin degildir.
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Fark edilen bir gsey vardir ki o da son 3 yildir kurak dénemlerin,
daha 6nceki kurak donemlere gore daha siddetli olmasidir.

Caligmada kullanilan cografi bilgi sistemleri, su hasadi i¢in
potansiyel alanlarin belirlenmesi ve mekansal analizinin yapilmast
noktasinda inanilmaz biiylik bir 6neme sahiptir fakat tek bagina
degil de onu destekleyici analitik hiyerarsi gibi yontemlere de
ihtiya¢ duyulmaktadir. Kriterler belirlenmis ve uzman goriisiinden
faydalanilmistir.  Sonrasinda  kriter agirliklart  belirlenerek,
siniflandirma igleminin yapilmasi ve daha sonra agirlikli gakistirma
analizinin uygulanmasi sonucunda da Akcay havzasinda su hasadi
yapilabilecek kuvvetli derecede uygun alanlarin, orta derecede
uygun alanlarin, diisiik derecede uygun alanlarin ve uygun olmayan
alanlarmim mevcut oldugu anlagilmustir.

Sahilkent Mahallesi, Saklisu Mahallesi, Yuvalilar Mahallesi,
Turuncova Mabhallesi, Yesilyurt Mahallesi, Kum Mabhallesi, Finike
merkez, Boldag Mabhallesi, Orta Mahalle, Asar6nii Mahallesi,
Gokeeyaka Mabhallesi, Gokbiikk Mahallesi, Bogaz Mahallesi,
Yalniz Mahallesi, Yesilkdy Mahallesi, Yazir Mahallesi, Arif
Mabhallesi, Basgéz Mahallesi, Goltarla Mahallesi, Giingalt
Mahallesi ve Alacadag Mahallesi su hasadi yapmak i¢in kuvvetli
derecede uygun potansiyel alanlar olarak belirlenmis, yer yer de
orta derecede su hasadi yapilabilir potansiyel alanlar olarak
belirlenmigtir. Kayalik alanlar ve dik yamaglar ise su hasadi
yapilmasinin miimkiin olmadig: alanlar olarak belirlenmistir.
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ABSTRACT

The fall coloration of temperate tree leaves is a phenomenon of nature that ranges in color from pale yellows, oranges, and purples to dark reds. Although
some evolutionary forces and weathered mechanisms (e.g., light and frost protection) cause variations in leaf color within and among species, no full
explanation is found regarding fall coloration. This study phonologically monitored Torminalis glaberrima leaves from May until at the end of November in
terms of fall coloration and senescence properties. The study presents the average color coordinate values of Torminalis glaberrima leaves, starting from
May and continuing through November. Torminalis glaberrima leaves show an intense green color from May to June. We have used CIE L*a*b (1976) color
space to determine discoloration intensity. As the seasons change, however, the leaves become darker into November (L = 25.67), with leaf discolorations
becoming clearly distinguishable. We selected color values of leaves of Torminalis glaberrima at May as control, and as vegetation continues, compared to
color changes throughout study (end of November). Accordingly, we measured total color differences (AE). The highest change in coloration was found in
November (AE = 56.86) followed by October (AE = 44.71), September (AE = 42.32), August (AE = 15.37), July (AE = 5.86), and June (AE = 2.14). Notably, the
highest color difference AE = 44.56 was found from August to September, and the lowest from May to June (AE = 2.14). Except for the leaves’ GE brightness
values, which show very low correlations over time, all other color coordinate values for CIE L*a*b* and hue values show some color level correlations over
time.

Keywords: CIE L*a*b*, Torminalis glaberrima leaves, autumn coloration, leaf senescence

oz
Ihman iklim bolgelerinde yetisen agaclarin yapraklari, sonbaharda bir olgu olarak parlak sari renkten turuncu, pembe ve koyu kirmizi renge kadar karmasik
renklenme gostermektedir. Hernekadar bazi evrimsel glcler ve dis atmosferik sartlar (isik ve don korumasi) yapraklarda renk degisimine sebep olmakla
birlikte, bu durum tirler arasinda farklilik gdstermekte ve hala tam olarak agiklanabilmis degildir. Bu calisamda, torminalis glaberrima yapraklarinin sonbahar
renklenmesi ve yaslanma durumu, fenolojik olarak Mayis ayindan Kasim sonuna kadar izlenmistir. Torminalis glaberrima yapraklarinin renk degerleri, Mayis
ayindan baslayarak Kasim ayi sonuna kadar karsilastirmali olarak sunulmustur. Torminalis glaberrima’nin yapraklari Mayistan Haziran sonuna kadar koyu
Yesil renk tonunda gozlemlenmis ve zaman ilerledik¢e Kasimda daha koyu renge donmistur (L: 25.67 nimerik). Zamana bagli olarak olusan yapraklardaki
renk degisimi kolaylkla gdzslemlenebilmistir. En yliksek renk degisimi, Kasimda (AE: 56.86), devaminda Ekimde (AE: 44.71), Eylulde (AE: 42.32), Agustosta
(AE: 15.37), Temmuzda (AE: 5.86) ve Haziranda (AE: 2.14) 6l¢llmustir. Fakat en ylksek renk farkliligi ise AE: 44.56 numerik olarak, Agustostan Eylile kadar
olan periyotta en disilik ise Maytistan Hazirana kadar (AE: 2.14) olan periyotta olusmustur. GE parlaklik degeri zamana bagli olarak ¢cok duisiik korelasyon
gostermekte ve istisna olusturmakta, fakat diger tiim renk koordinasyon degerleri olan CIE L*a*b*C* ve h nin, zamana bagli olarak bir sekilde korelasyon
gosterdigi anlagiimistir.

Anahtar kelimeler: CIE L*a*b*, torminalis glaberrima, sonbahar renklenmesi
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INTRODUCTION

Many variables besides maturity, geographic location, and
atmospheric conditions have impacts on the physicochemical
properties of plants, even those in the same species. However,
seasonal factors have been reported as one of the most effective
on plant species’ growing conditions (Archetti et al., 2009; Chiba
et al., 1996; Junker & Ensminger 2016; Lee et al., 2003).
Therefore, determining such changes such as chemical content
and color variations plays an important role in plant species’
properties and constituents. While numerous studies are found to
have investigated the constituents and contents of pigments,
evaluating certain physical parameters (i.e., color) may be
necessary to determine the aesthetic value of a plant species
(Archetti et al., 2009; Bozdogan, 2016; Chiba et al., 1996; Field
et al., 2001; Junker & Ensminger 2016; Lee et al., 2003; Lehrer
& Brand 2010). Certain color pigments, particularly those that
appear in autumn, have already been well presented for user who
is too impersonal for aesthetics (Archetti et al., 2009; Chiba et
al., 1996; Junker & Ensminger 2016; Lehrer & Brand 2010).

According to more recent study on International Plant Names
Index (IPNI) 2022, Sorbus torminalis have called to be called
Torminalis glaberrima (Gand.) Sennikov & Kurtto (Akyildirim
Begen and Eminagaoglu, 2022). Sorbus torminalis, commonly
known as the wild service tree, is a deciduous tree widely
distributed throughout the lower elevation temperate and
Mediterranean zones of Europe, extending eastwards into the
Caucasus Mountains and northern Iran (Jeran et al., 2017;
Bednorz & Urbaniak 2005). The species is tolerant to direct
sunlight and short periods of drought and therefore suitable for
afforestation in warm arid sites. However, the species is
particularly noted for its attractive form, shaggy bark, white
spring flowers, edible berry-like fruits, and lobed maple-like
leaves (Jeran et al., 2017; Bednorz & Urbaniak, 2005; Bekgi et
al., 2010). The leaves are glossy green on top and light green
underneath, often turning vivid yellow, orange, and red in the
fall. The leaves are reported to show autumn coloration in mid-
September to October, with leaf fall occurring from early
October to mid-November (Bednorz & Urbaniak, 2005).
Moreover, several phenolic compounds have been isolated from
the leaves of Sorbus torminalis, including caffeic acid,
p-coumaric acid, flavonoids (i.e., vitexin, apigenin, luteolin,
quercetin, and torminaloside), sterols (i.e., cholesterol,
campesterol, stigmasterol, and sitosterol), and fatty acids (i.e.
myristic, palmitic, palmitoleic, stearic, oleic, linoleic, and
linolenic acids; Olszewska & Roj 2011; Hasbal et al., 2015). A
recent report proposed that Sorbus torminalis has a smooth trunk

shape, white flowers, light brown berries, and autumn coloration
properties, which makes it a useful plant in landscape design
practices as an allée, wind curtain, and erosion control (Bekgi et
al., 2010) Regarding the expected changes in global climate, the
wild service tree should substitute well for some tender woody
plants with higher sensitivity to drought in landscape practices.
The Sorbus species has also been proposed for its decorative
attributes, as well as its therapeutic value that is well-known in
folk tradition (Jeran et al., 2017; Bednorz & Urbaniak 2005;
Bekgi et al., 2010).

Many investigators have reported on the variations in the leaf
senescence properties of plant species in terms of quantity and
quality (Archetti et al.,, 2009; Bozdogan, 2016; Chiba et al.,
1996; Field et al., 2001; Lehrer & Brand, 2010). Recent studies
have presented evidence for Sorbus torminalis leaf color changes
to occur in autumn (Hasbal et al., 2015; Jeran et al., 2017;
Bednorz & Urbaniak 2005), but no work is yet found to have
investigated its autumn coloration properties in Tirkiye.
Therefore, the present study aims to study and discuss the
autumn senescence of Torminalis glaberrima leaves based on
experimental findings to determine their color properties.

The purpose of this paper is to give an overview of Torminalis
glaberrima, the autumn coloration properties of the species’
leaves, and their value in landscaping. The paper assumes
native Sorbus species to present itself as a quality multifunctional
species applicable for use in landscaping.

MATERIALS AND METHODS

The study has selected to evaluate the autumn leaf coloration
characteristics of Torminalis glaberrima which is in the Rosaceae
family, and to represent its ornamental value in the field of
landscaping. The study conducted phonological observations at
different stages of coloration from May 2022 through end of
November 2022 in in-situ growing conditions. The Torminalis
glaberrima leaves were collected from stands in the Egirdir
region of Tiirkiye’s Isparta Province in the last weeks of each
month. However, healthy mature trees were randomly selected,
from which approximately 10 representative leaf samples were
collected from all sides of the crown. The region in which the
samples were collected is a forestland managed by the Regional
Directorate of Forestry authorities. Figure 1 shows the general
maps of the geographic regions from which the samples were
collected. The supplied leaves were manually cleaned of
contaminants then stored in standard containers at 4°'C until
analyzed. The experimental procedures were conducted in the
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Figure 1: The geographic location of Torminalis glaberrima trees.

botanic laboratory of the Forest Engineering Department of
Isparta University of Applied Sciences Faculty of Forestry in
Tiirkiye.

The leaves of Torminalis glaberrima were found to be
initially green in spring; the color then senesces to yellows,
oranges, and reds in the fall. The study assumed that mid-to-late
May to the end of November would be an appropriate observation
period. The selected trees’ in-situ and collected leaf samples
were carefully monitored at different stages of discoloration by
photographing to conduct a visual evaluation. The study obtained
numerous photos that effectively reflect the leaf coloration of the
Torminalis glaberrima species, some of which are presented in
Figure 2.

To track and photograph fall discoloration, the observation
was divided into five coloration periods:

the pre-coloration period (late May to mid-July),

early coloration period (late July to mid-September),

middle coloration period (late September to mid-October),

late coloration period (late October to mid-November),

final coloration period (late November to mid-December).

Technical Association of the Pulp and Paper Industry (TAPPI)
standard (i.e., GE brightness) measurements require a special
instrument that employs a 45° illumination and 0° viewing
geometry so that translucent materials are evaluated on an
arbitrary but specific scale. This method is considered to be
useful for determining Torminalis glaberrima leaf brightness.
The GE brightness measurements were made according to
TAPPI brightness (T452 om-98) and the Commission
Internationale de I’Eclairage (CIE) L*a*b* and CIE L*C*h
color coordinate measurements were made according to CIE
L*a*b*(1976)usingthe X-Rite 938 handheld spectrodensitometer
(X-Rite, Grand Rapids, MI).

The spectrodensitometer was calibrated with a standard
white calibration plate, and color was measured as L*, a*, b*
coordinate values. A single measurement was recorded for each
sample, and 10 replicate leaves were measured for each sampling.
The value of L* describes the degree of darkness/lightness with
L =0 being black and L = 100 being white. Before analysis, the
a* and b* coordinates were transformed into chroma (C*) and
hue angle (%°) using the equations: C* = (a*?+ B*?)12 and h° =
tan”' (b* / a*). Richness of color is represented by C¥*,
and %° represents the dominant color wavelength where 0° =
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I;'i'gure 2:The general appearante of Torminalis glaberrima trees and
their collected leaves.

red—purple, 90° = yellow, 180° = bluish green, and 270° = blue.
The data were evaluated statistically using the program SPSS
19.0 and the one-way analysis of variance (ANOVA) method.

FINDINGS AND RESULTS

The variation in leaf color during autumn may serve an
ornamental appearance. A vast literature of reports has already
been suggested for using the CIE L*a*b* color measurement
method, which is based on the mathematical quantification of
color, for evaluating the impact of environmental factors on
leaves and fruit (Bahreini, 2022; Post & Schlautman 2020; Tan
et al., 2021; Ochmian et al., 2012; Nowakowska et al., 2017).

In this regard, the average color coordinate values of
Torminalis glaberrima leaves, starting in May a continuing
through November, are presented comparatively in Table 1. The
individual months appear to have a considerable influence on all
color coordinates. Initially, the lightness value of L = 36.56 was
found for May and to go as high as L = 45.20 in September,
before decreasing to L = 25.67 in November. As expected, the
leaves still show a deep greenish shade initially (May to June),
with the hue ranging from h = 124.91° to h = 119.54° which is in
the green (-a values) and yellow (+b values) of the color chart.
The darkest leaves were found in November (L =25.67). Timely
atmospheric changes (i.e., temperature, light) were able to be
determined to have had a clear impact on leaf coloration and
color intensity. The highest greenish value of a = -16.37 was
found in August, but the highest reddish value of a = 43.32 was
found in November. After August, the leaves were shown to turn
to a deep reddish-to-brown color (+a wvalues), while the
chromaticity and hue increased.

To simply quantify all color values is a very complicated
process that includes many phenomenological variations.
Therefore, the total color difference (AE), which in this study
may be useful for determining leaf coloration properties, can be
used to provide an estimation of how time (i.e., the month)
affects the natural color of Torminalis glaberrima leaves.

As for the deep green color in May, the assumption is to use
these values as the control and then monitor coloration changes
throughout the end of the study in November. The total difference
in the leaves measured color values (AE) compared to the control
(i.e., May) are given in Figure 3. Leaf coloration clearly continues
as maturation and senescence throughout the dormant period of
November. Meanwhile, the highest change in coloration was
found in November (AE = 56.86), followed by October (AE =
44.71), September (AE = 42.32), August (AE = 15.37), July (AE
= 5.86), and June (AE = 2.14). In the literature, AE values
between 2.0-3.0 are thought to present an observable color
difference to observers (Muller et al., 2003; Sahin & Mantanis,
2011).

The method chosen in this study involves the visual (Figure
2) and mathematical (Table 1, Figure 3) evaluations of Torminalis
glaberrima leaves starting in May and continuing through to
November and has clearly confirmed the information in the
literature (Archetti et al., 2009; Bozdogan, 2016; Chiba et al.,
1996; Field et al., 2001; Junker & Ensminger 2016; Lee et al.,
2003; Lehrer & Brand, 2010) in terms leaf coloration changes.
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Table 1. The Monthly Color Properties of Torminalis glaberrima Leaves

L a b c h Brlgzgg;ess
36.56 16.32 19.93 5.05
May (1.39) -1 .358(0.98) (2.26) 2.22) 124.91':(2.56) (0.26)
B B A B
35.36 -9.80 15.45 18.37 4.83
June (1.51) (1.58) (1.53) (1.80) 122'6;:(4'29) (0.30)
B B B A B
39.14 -9.53 21.26 23.35 4.99
July (1.94) (1.76) (2.18) (2.32) 1141 4D(3'95) (0.38)
C B C B B
42.94 29.38 33.72 4.60
August (3.36) 7163 7A“ 43) (4.80) (4.29) 195 ‘é (449) (0.25)
D D C B
45.20 28.13 28.88 40.58 45.65 5.60
September (3.37) (3.13) (4.06) (1.69) (6.82) (0.87)
D C D E C @
39.85 33.18 18.62 37.80 28.23 6.19
October (2.04) (4.20) (5.11) (3.71) (5.94) (0.49)
C D BC D B D
25.67 43.32 4.92 43.72 6.44 3.91
November (3.52) (2.53) (3.44) (2.58) (4.49) (0.52)
A E A F A A
60 60 +
E 40 T -E- 40 -
g ]
g g
w =
< w
- q d
| | l
o-'l - » =-n8 s
June July August  September October November e ‘ July ‘ August e L S ;. o

Figure 3: Monthly change in coloration properties of Torminalis
glaberrima leaves with May as the control.

Another approach involved evaluating coloration changes
from one month to the next starting in May, with the color
difference (AE) values calculated and plotted in Figure 4. Just as
in Figure 3, a more-or-less similar trend was also observed of
maturation and senescence that continuously increased until the
end of the study in November. Yet the highest change in
coloration (AE = 44.56) occurring from August to September
and the lowest occurring from May to June (AE = 2.14) are
interesting to note. This may be an estimation time for the intense
fall coloration of Torminalis glaberrima leaves. This approach
may also be used to predict peak time for plant coloration in fall.
As mentioned above and shown in Figure 2, a visual distinction
in leaf color had also become apparent after July.

Figure 4: The monthly coloration differences of Torminalis
glaberrima leaves beginning in May.

The measured color coordinate values were plotted against
time (in months) to further evaluating the change in the coloration
properties of Torminalis glaberrima leaves (Figure 5). Apart
from the GE brightness properties’ very low correlation
coefficient (R?
practically independent when measured over time, all other

0.11), which means brightness values are

measured color values appear to show some level of acceptable
correlations. However, the highest correlation was found with
hue angle (Ry> = 0.91), followed in order by chromaticity (Rcx*
= (.89), the greenish-reddish color space (R +* = 0.85), yellow-
blue color space (Ry+* = 0.77), and lightness (Ry »* = 0.68).

Cold weather’s leaf
discolorations, usually referred to as autumn/fall colorations,

impact on temperate species’

have been well presented. Although the visual appearance of
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Figure 5. The relationship between color values over time for Torminalis glaberrima leaves.

leaves is an important criterion of acceptance in landscape design
practices, the measured mathematical results may also be taken
into consideration when planting species in open public spaces
where aesthetic appearance is important.

Lastly, to find the combined effects of the color space
regarding lightness and hue angle on Torminalis glaberrima
leaves, the obtained values were plotted against one another
and shown in Figure 6. The senescence of the leaves being
clearly realizable is very apparent. Their lightness (L) was
found to be 36.56 in the initial month of May and to continuously
lower to 25.67 in November. A similar trend was also very
visible with hue angle (h°). It measured 124.91° initially in
May, which means a* had a negative (greenish) value and b* a
positive (yellowish) value in the color chart (Figure 7); it then
continuously lowered to 3.91°, which means a* gained a
positive (reddish) and b* a positive (yellowish) value in the
color chart in November (Figure 7).
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Figure 7: The initial and final color properties of Torminalis
glaberrima leaves.

106



KUS SAHIN, TIGLI KAYTANLIOGLU, FAKIR, OZKAN / Cografya Dergisi — Journal of Geography, 2023, 47: 101-108

Hue angle
(numeric)

120

60

Lightness
(numeric)

Figure 6: The relationship between lightness (L) and hue angle (h°)
over time for Torminalis glaberrima leaves.

The plot shape in Figure 6 and color properties in Figure 7
clearly suggest that all sample monitoring times apparently
affected a change in the lightness and hue angle values. This was
expectable, considering the vast amount of information that has
been reported in the literature on how weather conditions impact
leaf senescence.

CONCLUSION

Some plants have become an important source for landscaping
with cost effective ways in design practices. However, many
deciduous plants have been used in combination with other
elements to provide an aesthetic appearance in public spaces.
The Sorbus species has been generally described as a very
durable tree whose growth habits vary from low growing to
upright and from a spreading shrub to a small tree. However,
Torminalis glaberrima can be found over a wide range of shapes
and sizes, with its leaf color varying from green to orange and
reds in fall. Therefore, Torminalis glaberrima may be suggested
for use in urban settings due to its high tolerance to heat and poor
dry soils. Due to the wide variations in physical appearance, this
species may be given preference in landscape plantings when
used as screens, windbreaks, foundation plants, hedges, and
other diverse landscape designs due to their formal appearance.
The experimental results found in this study clearly suggest the
fall coloration of Torminalis glaberrima to be measurable using
spectral densitometric values. However, many phenomenological
properties have been reported in detail for plant substrates, and
quantifying all of these is very complicated and requires further
investigation.
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ABSTRACT

The present study aims to use dendrochronological methods to reconstruct the precipitation history of EImacik Mountain of Northwest Turkiye and its
immediate surroundings. This research is the first dendroclimatological study in Turkiye regarding total annual precipitation reconstruction in the current
literature. The study created three Scotch pine (Pinus sylvestris L. ssp. hamata) site chronologies (214-, 233-, and 248-year spans) using samples from EImacik
Mountain before combining the site chronologies into one regional chronology. The study calculated relations between this regional chronology and the
total annual precipitation data of the Bolu, Diizce, and Sakarya meteorological stations using Pearson’s correlation coefficient. As the results are statistically
suitable for reconstructing the total annual precipitation data in Bolu and Diizce, the total rainfall reconstruction of these stations was carried out overa 158
year span from 1858-2015. Low- and high-precipitation years were also revealed for 1858-1950 when the stations were not in operation. Accordingly, the
years in which the annual total precipitation was at least one standard deviation unit below the average for both stations were 1860-1861, 1875, 1878, 1887,
1893, 1904-1905, 1907, 1909, 1935, 1942, 1945, and 1949. Meanwhile, 1865, 1873, 1877, 1885, 1910, 1912-1914, 1917, 1919, 1922, 1939-1940 were the years
when the total annual rainfall was at least one standard deviation unit above the average. In 1901 and 1936, total annual rainfall was two standard deviations
above average.

Keywords: Dendrochronology, precipitation, Scotch pine

oz

Bu calisma, Tirkiye'nin kuzeybatisinda yer alan Elmacik Dagi ve yakin cevresi icin dendrokronolojik yontemlerle yagisin geriye donik yapilandiriimasini
amaclamaktadir. Bu calisma, yapilan literatiir taramasina gore yillik toplam yagis rekonstriiksiyonu acisindan Turkiye'de ilk dendroklimatolojik calismadir.
Calismada Elmacik Dagi'ndan orneklerle 3 saricam (Pinus sylvestris L. ssp. hamata) yore kronolojisi (214, 233 ve 248 yillik) olusturulmustur. Ardindan yore
kronolojileri birlestirilerek bir bolgesel kronolojiye donustiriilmustir. Bu bolgesel kronoloji ile Bolu, Diizce ve Sakarya meteoroloji istasyonlarinin yillik
toplam yags verileri arasindaki iliskiler Pearson korelasyon katsayisi yontemi kullanilarak hesaplanmistir. Sonuglar Bolu ve Diizce yillik toplam yagis verileri
icin istatistik agidan rekonstriiksiyon yapmaya uygun bulundugundan, bu istasyonlarin yillik toplam yagislarinin 158 yillik (MS 1858-1915) geriye doniik
tahmini yapilmis, aletsel donem oncesi (1858-1950) az yagish ve yagish yillar belirlenmistir. Buna gére 1860-1861, 1875, 1878, 1887, 1893, 1904-1905, 1907,
1909, 1935, 1942, 1945 ve 1949 yillari ortalamadan en az bir standart sapma az yagish; 1865, 1873, 1877, 1885, 1910, 1912-1914, 1917, 1919, 1922 ve 1939-
1940 yillari ortalamadan en az bir standart sapma ¢ok yagisli yillar olarak belirlenmistir. 1901 ve 1936 yillarinda yillik toplam yagdis, ortalamanin en az 2
standart sapma Uzerindedir.
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1. INTRODUCTION

Recent climate change-related events have shifted the
scientific community’s focus toward reconstructing past climate
to explore climate dynamics in detail (Kostakova et al., 2018;
Tamkevicitté etal., 2018). The climate parameters of temperature
and precipitation show distinct characteristics at the global level.
A temperature rise has been observed in almost every part of the
globe, while precipitation shows heterogenic behavior due to
differences in relief patterns. Therefore, precipitation analysis is
considered more important at the regional level (Belokopytova
etal., 2018).

Rainfall cycles are critical to understanding precipitation
systems and predicting the future (Yilmaz et al., 2021). Tree-ring
chronologies built from living and dead trees offer valuable
information for understanding different aspects of natural and
human history, ranging from archeological dating to past climate
conditions (Ljunggvist et al., 2020). The instrumental recording of
meteorological data in Tiirkiye does not cover an extensive period.
Even the oldest meteorological stations have no records over 100
years. According to the literature review, dendroclimatological
precipitation reconstructions in Tiirkiye cover certain months or
periods of the year (D’arrigo & Cullen, 2001; Touchan et al., 2003;
Akkemik & Aras, 2005; Akkemik et al., 2005, Kose et al., 2011;
Kose et al., 2013; Martin-Benito et al., 2016).

Some studies are found to have revealed the relationships
between temperature and precipitation conditions through the
annual ring development of Scotch pines in Tiirkiye (Yaman &
Saribas 2004, Kose at al. 2017, Bozkurt et al. 2021, Ozel et al.
2021, Alkan & Irdem 2023). When considering the common
results of these studies, the increase in temperatures in the
March-April period and in precipitation in the May-June period
are seen to have positively affected the annual ring development
of Scotch pines.

The present study aims to create climate-sensitive
chronologies for Elmacik Mountain and its immediate
surroundings using Scotch pine trees’ growth rings and to
reconstruct the research area’s annual total rainfall data. Bolu,
Sakarya, and Diizce meteorological stations are the ones with
long-term data in and around Elmacik Mountain. The resulting
correlation coefficients and other statistical results were
unsuitable for reconstructing the Sakarya station’s data.
Therefore, retrospective precipitation predictions were made for
the Bolu and Diizce stations. The study’s results are further
compared with those of other studies. According to the authors’
best knowledge, no previous studies are found regarding the
reconstruction of total annual precipitation in Tiirkiye, which
makes this research very important. The number of Scotch pine
chronologies created in previous research in Tirkiye has also
been determined to be quite limited. Therefore, reconstructions
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Figure 1. Location map of the research area.
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Table 1: Site Information Where Samples Were Collected

Site code Site name Species Core/Tree number Slope (%) Aspect Elevation (m) Latitude (N) Longitude (E)
clG Cigdem Pinus sylvestris 54/27 20 SE 1430 40039’ 30050
BAL Balikli Pinus sylvestris 40/21 25 S 1366 400 38’ 31°02
SIN Sinekli Pinus sylvestris 49/26 15 S 1358 40037’ 31018

using annual ring chronologies made from old trees in the
research area would be helpful for palaeoclimatological analyses.

Description of the Study Area

Elmacik Mountain is located in Northwest Tiirkiye, east of
the Catalca-Kocaeli section of the Marmara Region and west of
the Western Black Sea section of the Black Sea Region within
the borders of Sakarya, Diizce, and Bolu provinces. The mountain
covers an area of 1,582 square kilometers. The approximate
distance from west to east is 75 km and about 35 km from north
to south (Figure 1).

The mountains span east to west in the research area, following
the general span of mountains in Tiirkiye. This makes inhibits the
humid air masses of the Black Sea from passing to the southern
parts of the mountain. As a result, the northern slopes are more

humid than the south, with a minor temperature difference between
summer and winter. The elevation in the study area exceeds 1,800
meters, with Erenler Hill being at 1,830 meters. This situation
causes temperature and precipitation conditions to change rapidly
over a short distance in the area. For example, the average annual
temperature of Diizce is 13.3 °C, which decreases to 8.7 °C at the
Bolu Mountain meteorological station.

The northwestern slopes of Elmacik Mountain, which extend
perpendicular to the direction of the air masses, receive more
precipitation. Bolu meteorological station, located at an altitude
of 740 meters on the eastern side of the mountain, has a total
annual precipitation of 553.9 mm. However, the total annual
precipitation of the Bolu Mountain meteorological station, which
is located at an altitude of 901 meters on the northwestern slope
of the mountain, is 1,057.8 mm.
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2. METHODOLOGY

2.1. Data Collection

2.2.1. Preparing the Meteorological Data

The Sakarya, Akyazi, Diizce, Hendek, Bolu, Mudurnu, and
Bolu Mountain meteorological stations have measurements on
Elmacik Mountain and its immediate surroundings (Figure 1).
The data from the station apart from Bolu, Diizce, and Sakarya
are too short or are incomplete. The study gathered the Bolu,
Sakarya, and Diizce meteorological stations’ rainfall data from
the Turkish State Meteorological Service. The homogeneity of
the data was tested using the Kruskal-Wallis homogeneity test.

2.2.2. Annual Ring Chronologies Development

For the dendrochronological analyses, samples were taken
from the appropriate places in the research area with incremental
borers by identifying suitable trees. In this context, three site
chronologies have been created: the Cigdem Site Chronology
(CIG), which consists of 54 cores taken from 27 trees around
Cigdem Plateau in Hendek, Sakarya, the Balikl1 Site Chronology
(BAL) consisting of 40 cores taken from 21 trees from the
vicinity of Balikli Plateau in Diizce, and the Sinekli Site
Chronology (SIN) consisting of 49 cores taken from 26 trees
from around Sinekli Plateau in Mudurnu, Bolu (Table 1, Figure
2). Afterward, these three site chronologies were combined by
considering their agreement to obtain the Elmacik Regional
Chronology (ELM), consisting of 143 cores taken from 74 trees.
The regional chronology was created using the program
CRONOL (Holmes, 1992). The biweight robust mean method
was chosen for this process (Cook et al., 1990). This method is
very effective and very complex to calculate, with the details
explained by Cook et al. (1990; as cited in Kdse, 2007).

Samples were usually taken from a height of 130 cm above
the ground. Two cores were sampled from each tree. The study
preferred Scotch pines (Pinus sylvestris L. ssp. hamata) due to
their suitability for dendrochronological analysis and the number
of aged samples in the field.

2.2.3. Method

Incremental cores were measured in the Dendrochronology
Laboratory of the Istanbul University Cerrahpasa Forestry Faculty.
Samples were sanded so that the ring boundary could be seen more
clearly. Tree-ring widths were measured at a precision of 0.01 mm

using the LINTAB™ and TSAP-Win™ measurement system,
with the measurement results being recorded as files with the
extension *.rwl in the TSAP-Win program (Rinntech, Germany).

The program COFECHA was used to identify missing and
false rings in annual ring series and to eliminate measurement
errors (Holmes, 1983; Grissino-Mayer, 2001). For cross-dating
the measurement results of cores taken incrementally from the
field, the data were saved in files with the *.rwl extension,
converted into a single file, and then entered into COFECHA as
a historically known data set, after which the program was run.
Missing and false rings were resolved as a result of cross-dating,
and samples whose problems could not be resolved were
removed from the data set.

Four methods are used to obtain tree-ring chronologies: 1)
skeleton plotting, 2) showing absolute ring widths on a graph, 3)
semi-logarithmic presentation of annual ring widths, and 4)
standardization of annual ring series (Trenard, 1982;
Schweingruber, 1988; Akkemik, 2004). This research uses the
fourth method, the standardization of annual ring series and
created standard chronologies with a linear regression model
using the program ARSTAN (Cook, 1985). A meaningful
relationship is known to exist between the growth and
development of trees and their environment. Therefore, long-
term trends in annual ring widths are observed during annual
ring formations according to the tree’s age, soil conditions of the
environment, aspect, slope, and closure. These trends need to be
resolved in order to standardize chronologies. One of the simplest
methods for standardizing annual ring chronologies is to
construct a linear regression model. This is the preferred model
when the chronology shows a linear, horizontal, decreasing, or
increasing trend (Akkemik, 2004).

After obtaining individual standard graphs, two basic methods
were used to determine the similarities between these graphs
(Akkemik, 2004). The first is the Gleichlaufigkeit value, which
determines the percentage of changes in the same direction from one
year to the next (Eckstein & Bauch, 1969). The second is the
correlation coefficient method. The study calculated the
Gleichlaufigkeit values and correlation coefficients using TSAP-Win.

Site chronologies were created in ARSTAN by selecting the
biweight robust mean method (Cook et al., 1990). Standard and
residual site chronologies were then produced for each region.

To determine the changes in annual ring width from year to
year, the signal-to-noise ratio (Akkemik, 2004) was calculated in
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ARSTAN based on the mean sensitivities, yearly number of ring
chronologies, and the mean correlation coefficients between the
chronologies.

2.2.3.1. Performing precipitation reconstruction

Site chronologies were created with the samples taken from
the trees in the research area. The regional chronology was made
by combining the site chronologies. The study used the total
annual precipitation data from the meteorological stations of
Sakarya (covering the years 1956-2015), Diizce (covering the
years 1956-2015), and Bolu (covering the years 1950-2015).
Pearson’s correlation coefficients were calculated in terms of the
climate data from these stations and the regional chronology.

Pearson’s correlation coefficients were obtained from the
program IBM SPSS 22.0. The calculations considered the total
annual precipitation data from October of the previous year to
October of the ring formation year, which Fritts (1976) called the
biological year, as the independent variables and the standardized
regional chronologies as the dependent variables.

Pearson’s correlation analysis values (7) range from -1 to +1,
with a value of -1 indicating an excellent negative correlation
between variables and a value of +1 indicating an excellent
positive correlation between variables. A value of » = 0 indicates
no relationship to exist between variables. If 7 is positive, one of
the variables increases as the other increases, while a negative
value for » means one variable decreases as the other increases
(Sungur, 2010).

The degree of the relationship between variables is expressed
by the value calculated for 7, with 0.10 < < 0.29 indicating a
small correlation, 0.30 <r<0.49 indicating a medium correlation,
and 0.50 < r < 1.00 indicating a high correlation (Pallant, 2017).

The results show a high correlation for annual total
precipitation. Based on this, the decision was made to carry out
reconstructions for the yearly total precipitation data. Firstly, the
climate data set to be reconstructed was divided into two sequences,
then two separate models were created. The first sequence was
used for calibration and the second sequence for verification. The
second sequence was then used for calibration in the second
model, and the first sequence was now used for verification. Due
to the similarity between the derived calibration equations and
verification test results, the full calibration period was used for the
reconstructions. Statistical results did not permit a reconstruction
for the Sakarya station data. Thus, this research made
reconstructions for the Bolu and Diizce meteorological stations.

Correlation coefficients, reduction of error (RE > 0), and sign
tests were used to confirm the estimates. Correlations were
calculated separately for the calibration, verification, and overall
periods, checking their significance (Fritts, 1976; Akkemik,
2004; Kose, 2007). When determining the reconstruction period,
the subsample signal strength (SSS) values were based on
periods when the values exceeded 0.85 (Briffa & Jones, 1990).

2.2.3.2. Determining low and high-precipitation years.

Standard deviation (SD) values were used to determine the
low- and high-precipitation years for the pre-instrumental period
(1858-1950). Years exceeding the arithmetic mean values at one
and two standard deviation levels are considered high- and very
high-precipitation years, respectively; years below the one and
two standard deviation levels for their average values were
evaluated as low- and very low-precipitation years, respectively.

Table 2: Statistics for Standard and Residual Site Chronologies Produced in the Research Area

CIG

Chronology Type Standart Residual (AR1)
Mean 0.9810 0.9878
Median 0.9410 0.9816
Mean sensitivity 0.1432 0.1776
Standart deviation 0.2238 0.1562
Skewness coefficient 1.6173 -0.0249
Kurtosis coefficient 6.3126 1.0973
Autocorrations

t-1 0.6724 -0.0860
t-2 -0.0856 -0.0647
t-3 -0.0617 -0.0731

Standart

BAL SIN
Residual (AR1) Standart Residual (AR1)
0.9633 0.9895 0.9687 0.9864
0.9603 0.9805 0.9509 0.9702
0.1429 0.1815 0.1540 0.1801
0.1859 0.1498 0.2105 0.1647
0.1090 -0.0929 0.3454 0.8188
-0.4704 -0.0929 0.3932 1.6567
0.5868 -0.0762 0.5742 -0.0812
-0.0310 -0.1336 0.0323 -0.1167
0.1251 -0.0680 0.0185 0.0008

If t occurs as a superscript, use: t the year the last ring was formed.
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3. FINDINGS

3.1. Developing Annual Ring Chronologies

The study developed a regional chronology using three site
chronologies (CIG, BAL, and SIN) created from Elmacik
Mountain and its immediate surroundings. The mean sensitivity,
signal-to-noise ratio, average correlations, and residual
chronology with a higher variance for the first eigenvector were

preferred when developing the chronologies.

The study used 45 cores from 25 trees for CIG, 40 cores from
21 trees for BAL, and 49 cores from 26 trees for SIN when
developing the chronologies. Statistics for the standard and
residual local chronologies are given in Table 2.

Common time interval statistics covering the years 1901—
2015 (115 years) for CIG, 1917-2015 (99 years) for BAL, and
1894-2017 (124 years) for SIN are given in Table 3.
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Figure 3. CIG site chronology covering 1785-2015 and the 45 cores.
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Figure 4. BAL site chronology covering 1804-2015 and the 40 cores.
Table 3: Chronology Statistics from ARSTAN for the Common Time Interval
ClG BAL SIN
Standart Residual Standart Residual Standart Residual
Mean correlations
Correlations among all radii 0.237 0.294 0.182 0.283 0.309 0.365
Correlations between trees 0.230 0.287 0.174 0.276 0.302 0.360
Correlations within trees 0.522 0.534 0.484 0.538 0.646 0.586
Correlations radii vs mean 0.500 0.551 0.446 0.547 0.567 0.614
Signal-to-noise ratio 5.960 8.068 3.992 7.254 10.798 14.091
Agreement with population chronology 0.856 0.890 0.800 0.879 0.915 0.934
Variance in first eigenvector (%) 28.09 31.98 2717 31.59 35.70 39.13
Chronology common range average 0.988 0.991 0.991 0.991 0.989 0.993
Chronology common range standard deviation 0.184 0.133 0.167 0.132 0.223 0.166
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Figure 3 shows the 231-year CIG site chronology covering
1785-2015, Figure 4 shows the 212-year BAL site chronology
covering 1804-2015, and Figure 5 shows the 246-year SIN site
chronology covering 1770-2015. Figure 6 shows the 246-year
ELM regional chronology covering 1770-2015. This was created
by combining the site chronologies.

Correlation coefficients and Gleichldufigkeit values (GL)
were calculated, and their significance levels were checked to

chronologies. The GL values and correlation coefficients of the
curves between the site chronologies are seen to be statistically
significant (p < 0.001; Table 4).

3.2. Precipitation Reconstruction
The total annual rainfall reconstruction of the Diizce

meteorological station for 1858-2015 was made using the
following formula:

determine the appropriateness with the generated site
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Figure 5. SIN site chronology covering 1770-2015 and the 49 cores.
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Figure 6. ELM regional chronology covering1770-2015 and the 134 cores.

Table 4: Correlation coefficients and Gleichldufigkeit values between the Site Chronologies and the Regional Chronology

Gleichlaufigkeit values (%)

SIN clG BAL
SIN 100 75 76
S 2
QS c
§ g
s & CIG 061 100 76
S o
S 8 BAL 0.63 0.63 100

All values are statistically significant (p < 0.001).
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Total precipitation (mm) = Annual ring width of the prediction

year x 0.57 +233.95 (1) year x 0.36 + 193.84

2

The total annual rainfall reconstruction of the Bolu
meteorological station for 1858-2015 was made using the
following formula:

Total precipitation (mm) = Annual ring width of the prediction

Figures 7 and 8 provide graphs showing the agreement
between the Diizce annual total precipitation data and regional
chronology, while Figures 10 and 11 provide the graphs showing

Table 5: Diizce and Bolu Meteorological Station Annual Total Precipitation Reconstruction Adjustment and Verification Statistics

Calibration Verification
Calibration period Verification period Constant Coefficients R? RE
Sign test Sign test
22+/8- 22+/8-
1956-1985 1986-2015 235.44 0.57 0.36 0.61 P <0.05 P <005
. 22+/8- 22+/8-
DUZCE 1986-2015 1956-1985 240.65 0.56 0.39 0.61 P <0.05 P <005
44 +/16 -
1956-2015 - 233.95 0.57 0.38 - P <0.01 -
24+/9- 24+/9-
1950-1982 1983-2015 222.07 0.32 0.35 0.55 P <0.05 P <005
24+/9- 24+/9-
BOLU 1983-2015 1950-1982 146.75 0.41 0.35 0.54 P <0.05 P <005
48 +/18-
1950-2015 - 193.84 0.36 0.34 - P <00] -
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Figure 7. 1956-2015 ELM regional chronology tree-ring index and total annual precipitation at Diizce meteorological station for 1956-2015.
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Figure 8. Total annual rainfall reconstructed and observed at the Diizce meteorological station for 1956-2015.

116



iRDEM, COSKUN / Cografya Dergisi - Journal of Geography, 2023, 47: 109-121

the agreement between the Bolu annual total precipitation data meteorological station for 1858-2015. Table 5 provides the

and regional chronology. Figure 9 shows the estimated annual adjustment and validation statistics for the reconstructions.

rainfall at the Diizce meteorological station for 1858-2015.
Figure 12 shows the estimated yearly rainfall at the Bolu
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Figure 9. Reconstructed total annual rainfall at the Dlizce meteorological station for 1858-2015 (Black horizontal line indicates mean, inner

horizontal dashed lines indicate the limits of +15D, and outer horizontal dashed lines indicate the limits of +£2 SDs).
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Figure 10. 1956-2015 ELM regional chronology tree-ring index and total annual precipitation at the Bolu meteorological station for 1956-2015.
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Figure 11.Total annual rainfall reconstructed and observed at the Bolu meteorological station for 1956-2015.
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Figure 12. Reconstructed total annual rainfall at the Bolu meteorological station for 1858-2015 (Black horizontal line indicates mean, inner
horizontal dashed lines indicate the limits of £15D, and outer horizontal dashed lines indicate the limits of +2 SDs).

3.3. Determining Low- and High-Precipitation Years

Standard deviation (SD) values were used to determine low-
and high-precipitation years. Years exceeding the arithmetic
mean values at a level of one or 2 positive SDs are considered
respectively as high- and very high-precipitation years,
respectively. Years whose average precipitation values fall below
one or two negative SDs are evaluated as low- or very low-

precipitation years, respectively.

The results of the precipitation reconstruction at the Bolu and
Diizce meteorological stations were in agreement, as expected.
No very low-precipitation year could be determined in the
reconstructed period. The analyses demonstrated low-
precipitation events to have never lasted more than two years
between 1858-1950. Of the 14 low-rainy years found in this
period, 10 were lasted one year, and two lasted two years.
However, 1901 and 1936 were very high precipitation years. In
addition, 13 high-precipitation years were found, 8 of which
lasted one year, and two of which lasted two years. Only one
high precipitation period lasting 3 years occurred (1912-1914)

over the reconstructed period (Table 6).
3.4 Comparing the Results with Previous Studies
Akkemik et al. (2005) defined 1887 as a very dry year for the

vicinity of Kastamonu, as well as Akkemik & Aras (2005) for
Konya, Hughes et al. (2001) for the Aegean basin, and Kdose

(2007) for Kiitahya, Afyon, Eskisehir, and Isparta. Kose (2007)
discusses how the Ottoman Archives mentioned Anatolia to have
had a great drought and famine in 1887. According to the results
of the current study, 1887 also had less precipitation than normal
for the Bolu and Diizce stations, where the precipitation

reconstructions were made.

Kose (2007) stated 1893-94 to have been a 2-year dry period
for Western Anatolia. Akkemik & Aras (2005) found 1893 to
have been extremely dry for Konya. Cook et al. (2015)
determined 1893 as the dry year for the European continent in
general. Tekin (2015) quoted a drought to have occurred in 1892-
1893 and to have affected the Eastern Anatolia region, especially
Erzurum and Bitlis. In addition, the drought affected Bayburt
and its surroundings in the Black Sea region, with around 20,000
poor people from these regions having had to migrate to Trabzon.
Moreover, the current paper also identified 1893 as a low-
precipitation year for the research area.

Gontilli (2010) mentioned extreme rainfall, floods, and
overflows in many parts of Anatolia throughout 1901, especially
in July, with these floods and overflows also causing loss of life
and property. Kose (2007) reported the same year to have high
precipitation for Western Anatolia. According to the May-August
rainfall predictions Akkemik & Aras (2005) made for 1689-1994
at the Konya meteorological station, the three years of 1900-
1902 were detected as having high precipitation.

Table 6: Reconstructed Total Annual Precipitation for Dlizce and Bolu Meteorological Stations Below or
Above the Long-Term Average by One or Two Standard Deviations

Very rainy years (over 2 SD)

Rainy years (over 1 SD)

Very low-rainy years (below -2 SD)
Low-rainy years (below -1 SD)

1901, 1936

1865, 1873, 1877,1885,1910, 1912, 1913, 1914, 1917, 1919, 1922, 1939, 1940

1860, 1861, 1875, 1878, 1887, 1893, 1904, 1905, 1907, 1909, 1935, 1942, 1945, 1949
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Kése et al. (2013) and Cook et al. (2015) stated 1909 to have
had low precipitation, as well as 1893. The Ottoman archives
reported wheat exports to have been banned due to famine in
these years. Likewise, this study determined 1893 and 1909 to
have had low precipitation.

Hughes et al. (2001) presented 1901, 1910, 1917, 1919, and
1936 as high-precipitation years for the Aegean basin. The
current research also found these years to have had high
precipitation. Moreover, 1901 and 1936 were years with very
high precipitation. These same two years were also expressed as
having high precipitation according to the results of the May-
June precipitation reconstruction by Martin-Benito et al. (2016),
which included northeastern Tiirkiye. The years 1912-1914 were
also revealed as a high precipitation period. Similarly, Martin-
Benito et al. (2016) indicated 1913-1914 to have been wet years.

According to the spring precipitation reconstruction (1776-
1998) Touchan et al. (2003) made for Southwest Tiirkiye, 1935
was the driest year, while 1936 was the wettest. This study also
found 1935 to have had low precipitation and 1936 to have had
very high precipitation. 1936 was also expressed as a high-
precipitation year according to the results of the May-June
precipitation reconstruction Griggs et al. (2007) made for the
Northern Aegean.

4. CONCLUSIONS

This research has created three Scotch pine (Pinus sylvestris
L. ssp. hamata) site chronologies of 214, 233, and 248 years
using core samples from Elmacik Mountain in Northwest
Tiirkiye where the Western Black Sea and the Eastern Marmara
regions meet. The site chronologies were then combined into a
regional chronology. With this chronology, a 158-year (1858-
1915 AD) retrospective estimate was made of the total annual
precipitation data from the Bolu and Diizce meteorological
stations. In addition, low- and high-precipitation years were
revealed for 1858-1950 before the stations started recording
data.

According to the results, very low-precipitation years could
not be determined between 1858-1950. Low-precipitation years
were understood to have been 1860-1861, 1875, 1878, 1887,
1893, 1904-1905, 1907, 1909, 1935, 1942, 1945, and 1949. On
the other hand, 1865, 1873, 1877, 1885, 1910, 1912-1914, 1917,
1919, 1922, and 1939-1940 were high-precipitation years, and
1901 and 1936 were determined as very high-precipitation years.

According to our literature review, this research is the first
dendroclimatological study in Tiirkiye to regard a total annual
precipitation reconstruction. In addition, the number of Scotch
pine chronologies in Tiirkiye is limited. In this sense, performing
longer-term studies and making comparisons by increasing the
Scotch pine chronologies for different areas would be helpful in
terms of precipitation data.
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ABSTRACT

Certain slow cities are found to host a demand for tourism well in excess of their population. This situation being experienced in destinations whose unique
features entitle them to be part of the Cittaslow movement has raised debates. Within this context, this study aims to evaluate the coexistence of tourism
and slow cities based on the opinions of experts on the subject who reside in slow cities for business or personal reasons. The study has consulted within
its scope the opinions of 18 academicians from nine slow cities. The results show destinations that are part of the Cittaslow movement and that also appeal
to mass tourism to have lost their calm. Another important conclusion of the study is that local administrators see joining the Cittaslow movement as a
marketing strategy for the destination. In the face of the existence of exemplary destinations that have lost their calm and of the marketing-oriented
perspective of local administrators, the interviewees stated that relevant criteria should be used as a balancing mechanism and that sustainable tourism
goals can be achieved through tourism activities that are carried out by adhering to these criteria.

Keywords: Slow Cities, Cittaslow, Tourism, Sustainable Tourism

oz

Bazi sakin sehirler bulunmaktadir ki niifusunun ¢ok tizerinde bir turizm talebine ev sahipligi yapmaktadir. Kendine 6zgii 6zellikleri ile sakin sehir unvanini
almis destinasyonlarin bdyle bir durumla karsilagmasi beraberinde tartismalari da glindeme getirmektedir. Bu baglamda bu arastirma ile sakin sehirler ile
turizm birlikteliginin sakin sehirlerde is ve ikamet amacli bulunan ve uzmanlik alani olarak konuya hakim olan kisilerin gorusleri ile degerlendirilmesi
amaclanmistir. Arastirma kapsaminda dokuz sakin sehirden on sekiz akademisyenin gorisiine basvurulmustur. Sonuglar gostermektedir ki sakin sehir
unvaninin yaninda kitle turizmine de hitap eden destinasyonlarin sik(netleri kaybolmustur. Bir diger 6nemli sonug ise yerel idarecilerin sakin sehirler
birligine dahil olmay destinasyon pazarlamasina yonelik bir strateji olarak gordikleridir. Sakinligini kaybetmis 6rnek destinasyonlarin varligi ve yerel
idarecilerin pazarlama odakl bakis acisi karsisinda gortismeciler, kriterlerin denge mekanizmasi olarak kullaniimasinin gerekliligini belirtmis ve kriterler
baglaminda gerceklestirilen turizm faaliyetleri sonucunda sirdrilebilir turizm hedeflerine de ulasilabilecegini ifade etmislerdir.
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1. INTRODUCTION

Globalization is one of the most common words used to
explain today’s world and many current events. In a globalized
world, differences disappear and everyone is forced to become
uniform, no matter how hard they resist. According to Geng
(2021), the homogenizing effect of globalization has been
debated and criticized with phrases such as McDonaldization
(Ritzer, 1996) or Americanization (Demirhan & Taylan, 2017),
which references the United States of America as the country
that introduced globalization to the world. Some of the areas
where uniformization is intensely demonstrated involve eating
habits and cities.

International chain food companies can move faster than
people. People do not have to go to the company’s founding city
to consume the products of these chains, as they can easily access
these companies wherever they are. For many people, this
situation is pretty normal and pleasing. However, some people
see the negative aspects yet remain involved in the process
without knowing what they can do to defeat it. Meanwhile, a few
other people take a more conservative stance and actually do
something to preserve their local values. These actions may
include not consuming from global companies or becoming a
member of a non-governmental organization. Beyond these
individual reactions are some movements like slow food, slow
cities (Cittaslow), and slow tourism.

In 1986, a demonstration pushing back against the opening of
a fast-food chain paved the way for more serious developments,
such as signing the Slow Food manifesto at the meeting held in

1989 with the participation of representatives from 15 countries
(Slow Food, 2021). This manifesto is a sign that a war had begun
against globalization through fast-food criticism. The manifesto
states, “In the name of productivity, the ‘fast life’ has changed
our lifestyle and now threatens our environment and our land
(and city) scapes” (Slow Food, 2021). In 1999, the Cittaslow
association was established under the leadership of the head of
the Slow Food movement, Carlo Petrini, and four mayors from
Italy. Today, the Cittaslow movement involves a network of
municipalities covering 287 cities in 33 different countries and
ironically uses the weapon of globalization in order to establish
an opponent philosophy against the concept of globalization.

As can be seen in Figure 1, Tiirkiye has 21 slow cities as of
2023. These cities and their provinces can be listed as follows in
order of having joined the association: Seferihisar in izmir in
2009, Gokceada in Canakkale in 2011), Akyaka in Mugla in
2011, Yenipazar in Aydin in 2011, Yalvag in Isparta in 2012, Vize
in Kirklareli in 2012, Persembe in Ordu in 2012, Halfeti in
Sanliurfa in 2013, Savsat in Artvin in 2015, Uzundere in Erzurum
in 2016, Egirdir in Isparta in 2017, Gerze in Sinop in 2017,
GoOyniik in Bolu in 2017, Mudurnu in Bolu in 2018, Ahlat in
Bitlis in 2019, Kodycegiz in Mugla in 2019, Giidiil in Ankara in
2020, Arapgir in Malatya in 2021, iznik in Bursa in 2021, Foca
in Izmir in 2021, and Kemaliye in Erzincan in 2022.

Within and beyond Tiirkiye are some slow cities that host a
number of tourists way in excess of their capacity. Although
experts do not find this proper, the administrators of the related
destinations have seen and introduced this as a sign of success.
Ekincek’s (2014) study understood Cittaslow city administrators
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to view becoming a member of the Cittaslow association as an
important step toward strengthening the image of the destination
and toward branding. These so-called success stories make many
micro-destination managers want to become a part of the
Cittaslow movement. However, having Cittaslow become a
successful concept in marketing destinations also brings the risk
of eroding the resources Cittaslow aims to protect and improve
(Nilsson et al., 2011; Karadeniz, 2014).

Slow city destinations have a high tourism demand, and
despite having different touristic attractions that cause this,
marketing a destination with the label of being a Cittaslow
member may raise a dispute between the essential points of this
philosophy and the business of tourism. Within this context, this
study aims to evaluate the validity of the possible disputes and
concerns on this matter from the perspective of academicians
specialized on the subject.

1.1 The Paradox of Tourism in Slow Cities

The Cittaslow movement actually has a deep philosophy
behind it. Therefore, one cannot really say that for all slow cities
that their local administrators who have decided to join the
Cittaslow association fully understand the Cittaslow philosophy,
nor all local residents or tourists who visit there. With the
increased demand in tourism, investors may possibly engage in
actions counter to the Cittaslow philosophy. Thus, to believe that
the possible adversities of tourism that are expected to occur in
all destinations will not occur in slow cities is unrealistic.
Moreover, these destinations being at a microscale makes the
fact that these adversities will be experienced more intensely in
these cities inevitable.

The best example of the coexistence of a slow city and
tourism n Tiirkiye would be Seferihisar, which has been the
subject of many studies. One of these studies (author, year)
concluded that some of adversities the city may face could be
increased traffic, noise, construction, prices, and population, as
well as shoddy construction, protected areas turning into
construction sites, the establishment of big hotels, parking issues,
migration, cultural corruption, deterioration of the ecological
texture, an unaware public that only cares about their short-term
interests, and investors being attracted. Other studies have also
had similar results, reasserting the above-mentioned study and
pointing out the conflicting aspects of slow cities and tourism.
As Geng (2021) stated, the tourism activities experienced in
Seferihisar have brought along intensive tourism investments; as
a result, the number of hotels has increased from 15 in 2009 to

163 in 2021. Nevertheless, various studies have revealed
Seferihisar to mostly attract daily visitors rather than tourists
who will spend the night (Cosar, 2013; Citak, 2016). These
same-day visits may sometimes cause overcrowding at a level
that can disturb the locals (Dogan et al., 2014; Diindar & Sert,
2018). Cosar (2013, p. 80) reported one local resident to have the
following opinion: “Our life has become more difficult as the
crowds have increased. Especially on weekends, the traffic jams
are really disturbing. The current structure of Seferihisar cannot
handle such a crowd.” These crowds are caused not only by
pedestrians but also by vehicles, which also brings up the issue
of parking.

As the area has become a tourist attraction, secondary
residents (see Ak & Bigki, 2016), investors, and those who move
to the region for employment in these investments (see Farhadi,
2012) have caused a population increase. As Geng (2021)
explained, the population of Seferihisar was 28,603 in 2009 and
increased to 48,320 in 2020. An increase has also occurred in
construction with the increase in the settled population and the
demand for tourism. Ak Cetin and Akpinar (2021) stated the
number of companies in the construction business in the district
to have reached a very high level and 48% of houses for sale to
be new. The number of houses had been 14,284 in 2009 and
reached 44,053 in 2021. Parallel to the population growth, the
demand for housing and rentals have also increased, with land
prices also rising for new house construction.

Oztiirk (2012) reached such a conclusion in her study asking
local people’s opinions. Geng (2021) reported real estate prices
to have increased by 160% between 2017-2021, with this being
135.61% for Izmir. Price increases are experienced not only in
the real estate market but also with consumer goods. Farhadi’s
(2012) study concluded 48% of the participants to believe that
Cittaslow tourism had had the effect of increasing prices.

With the motive for higher rental income, property owners
may think about evicting tenants who are local residents and
selling their current residences to investors, which may result in
local residents being displaced. Moreover, the local people in
such a scenario are compelled by their relatively high income to
live their lives removed from their traditional lifestyles and
outside of the neighborhoods they have left. In short,
gentrification may begin through the tourism demand and the
impact of new residents (Ozmen & Can, 2018). For the Sigacik
Kaleigi area in particular, the area as an attraction point for
visitors can be said to be on its way to becoming a symbol of
capitalism with its new generation of restaurants, cafes, and
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boutique hotels (Kdstem & Yiiksel, 2020). The growing income
disparity between the residents of Sigacik and other
neighborhoods in favor of the new residents is also a clear sign
of gentrification (Ozer Tekin, 2018).

One can see gentrification emerging through tourism and
new residents in the district not only through places of
consumption but also through new residences. As a matter of
fact, the number of pools, which was only 6 in 2009, had
increased to 287 in 2021. This increase cannot be explained
simply by the increase in the number of hotels. The fact that new
residents build their new houses with a pool can be interpreted as
a departure from the traditional architectural pattern of the region
(Geng, 2021).

The situations conveyed through Seferihisar may also be
valid for other slow cities and have been revealed by various
studies. In the article “Slow Cities, Fast Tourists”, Citak (2016)
stated some slow cities in Tiirkiye to be exposed to mass tourism.
Besides Seferihisar, another good example would be Akyaka.
Akyaka is frequently featured in the national press with the
number of tourists it hosts, which far exceeds its own population.
Although not as much as Akyaka or Seferihisar, Halfeti now has
6,000 vehicles entering it daily, with very loud music being
played on boat tours. This completely contradicts the Cittaslow
philosophy, which includes prioritizing pedestrians and having
environmentally sensitive approaches (Ozmen & Can, 2018).

While Goolwa had been a river port city in Australia, after
joining the Cittaslow association, it started to face an intense
demand for tourism and started opening art galleries, cafes, and
hostels in the historical buildings of the city in response to this
demand. This indicates gentrification to have started through
places of consumption and the effect of tourism (Serin, 2009).
Mayer and Knox (2006) also stated the slow cities of Hersbruck
and Waldkirch in Germany to be important alternatives for the
residents of large nearby cities for entertainment purposes. As
explained above, however, gentrification happens not only
through place of consumption but also through residences. For
example, high-income groups working in cities such as Milan
and Turin prefer the nearby slow cities for their residences
(Nilsson et al., 2011). This fact not only doesn’t add value to
slow cities but also causes housing prices to rise.

Similar developments took place in the destination city of
Tarakli, which was removed from the Cittaslow association in
2022. Large spa facilities with a timeshare system were
established at a point very close to the district center of Tarakli,

targeting people in big cities such as Istanbul and Ankara,
especially Arab tourists. These facilities have had an undeniable
impact on the increase of brand chains in this destination and the
replacement of neighborhood grocers by large markets after
being designated as a Cittaslow city (Toprak, 2018). According
to Semsari and Giritlioglu (2021), such cases can see the voices
of the new residents of the city drown out the voices of the local
residents regarding urban management issues, and this is quite in
contrast to the slow city philosophy.

This study has found within its scope no research to have
established a direct relationship between being included in the
Cittaslow association and an increased demand in tourism for the
destination. Arikan et al.’s (2015) study on three slow cities
located in Austria concluded the partial increase in tourists after
joining the Cittaslow association to not be able to be directly
associated with its membership, nor could the study make a
comparison between the cities due to each slow city having a
unique profile. Hence, explaining the increased demand in
tourism and other aforementioned developments only with
having become a slow city does not seem very appropriate. To
give an example from Tiirkiye, the slow cities of Seferihisar and
Koycegiz have seen an increase in the square meter housing
costs after joining the Cittaslow association, despite no rise in
real estate prices occurring in other slow cities such as Gokgeada,
Egirdir, or Persembe.

2. METHODOLOGY

2.1 Purpose and Importance of the Study

This study aims to start a debate on the idea that situations
contradicting the slow city philosophy may arise as a result of
the increase in tourism activity in slow city destinations. In line
with this aim and based on the collected opinions collected, the
importance of the study can be stated in the suggestions that will
be presented to the local governments of existing and potential
slow cities regarding the requirements of the philosophy and the
execution of balanced tourism activities.

2.2 Data Collection Method

The research data were obtained using the interview method,
one of the most frequently used qualitative research methods. To
collect opinions, the researchers created a semi-structured
interview form based on the literature review and the suggestions
of researchers who have studied slow cities as a subject. Different
districts are the subject of the study, and because the experts
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whose opinions are to be consulted live in different places, the
interview form has been sent by e-mail.

The interview form consists of nine questions. The questions
are used to obtain opinions on the coexistence of slow cities and
tourism, and these opinions are expected to be presented based
on the current situation in the destination city. The questions
were designed in line with this, and this situation was also
conveyed to the interviewees. The interview form is has the
following questions:

1. Can you briefly introduce yourself and your institution?

2. Can you evaluate the effect being in the Cittaslow network
has on destination marketing?

3. Can you comment on the current tourism demand
(accommodations, daily tourists) in your destination? Has
being included in the Cittaslow network had an impact on
demand?

4. Do you have any observations or thoughts that the negative
developments (e.g., crowding, noise and visual pollution,
secondary housing, expensiveness) that occur in destinations
that are overly dependent on the tourism sector are being
experienced in your destination or may be experienced
according to the current trend?

5. Can you comment on the positive and negative effects of
slow cities’ use of unique values (e.g., cultural values such as
local dishes, handcrafts, events) as a way to draw tourism?
Can you talk about the commodification of values?

6. Can you comment on the purpose of including administrators
in the Cittaslow network? Do you think their main purpose is
to consider and adopt the Cittaslow philosophy as beneficial

to the settlement or is it an initiative for tourism?

7. What are your thoughts on how the local people have
responded to the tourism activities (e.g., the increased
demand for tourism-oriented businesses) that comes with the
title of being a slow city?

8. Can you comment on the idea that the destinations being
marketed with the Cittaslow label to attract attention
contradicts the Cittaslow philosophy?

9. What is your belief on the ability of the Cittaslow philosophy
and criteria being carried out alongside the tourism sector?

When forming the sample, the study used the purposive
sampling method, which involves selecting knowledgeable and
experienced individuals on the subject (Yagar & Dokme, 2018).
In line with this method, the decision was made to consult the
opinions of tourism academicians who work in slow cities, as
well as tourism academicians who’ve chosen to reside in slow
cities despite working elsewhere. This preference was made with
the aim of benefitting both from their fields of expertise as well
as from their daily life experiences and observations due to
living in the relevant cities. As of January 19, 2023, eight of the
21 slow cities in Tiirkiye were determined to have tourism
departments and programs at the higher education level or
departments and programs closely related to tourism (e.g.,
gastronomy, tour guiding) and to have 70 instructors within the
scope of these departments and programs. All participants in the
study were informed about the subject and content of the
research. Consent was obtained from all participants, and their
participation in the study occurred voluntarily.

Table 1: Information Defining the Sampling

Interviewee Code Destination Destination membership date Interviewee working/residence time
-1 Akyaka 2011 11 years
-2 Yalvag 2012 13 years
1-3 Yalvag 2012 6 months
-4 Egirdir 2017 26 years
I-5 Egirdir 2017 2 years
1-6 Gokgeada 2011 5years
-7 Gokegeada 2011 2 years
1-8 Gokegeada 2011 12 years
1-9 Gerze 2017 12 years
I-10 Gerze 2017 2 years
I-11 Mudurnu 2018 5 years
1-12 Mudurnu 2018 3 years
I-13 Mudurnu 2018 8 years
1-14 Mudurnu 2018 5 years
I-15 Mudurnu 2018 2 years
I-16 Persembe 2012 15 years
1-17 Koycegiz 2019 33 years
1-18 Halfeti 2013 1 year
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Table 2: Population and Number of Tourists with Accommodation in Slow Cities (2018/2021)

Destination District Center  Tourist number Tourist number Destination District Center  Tourist number Tourist number

Population 2022 2018 2021 Population 2022 2018 2021
Seferihisar 54993 68291 80,453 Gerze 19144 16,456 11,869
Gokeceada 7479 15571 19,596 Goyniik 4332 5,881 5,537
Akyaka* 3147 26,240 24,712 Mudurnu 5428 106,793 97,270
Yenipazar 11863 No data No data Ahlat 28904 7,836 7914
Yalvag 22538 27,929 21,839 Koycegiz 39242 44,762 58,245
Vize 15116 5,193 6,894 Gudil 8079 No data No data
Persembe 30101 8,967 8,180 Arapgir 9964 1700 7,860
Halfeti 41662 14,967 3,060 iznik 44236 42,885 47,772
Savsat 5885 10,263 19,532 Foca 34946 21,080 52,780
Uzundere 7625 5,863 2,734 Kemaliye 2536 4687 4,221
Egirdir 16759 32,245 26,076

*Because it is connected to the Ula district, statistics actually belong to Ula.

As can be seen in Table 1, 18 academicians from nine Triangulation is a commonly used technique for establishing
different slow cities had submitted answers for the interview the credibility of qualitative research. The purpose of triangulation
form that had been sent. Although no higher education department is to compare the obtained results from different perspectives
or program on tourism exists in Akyaka, Persembe, and (Istk & Semerci, 2019) and to realize a consistent analysis.
Koycegiz, answers were received from the tourism academicians According to Patton (2014), qualitative analysis can benefit from
residing in these cities. The highest number of answers was triangulating the methods, sources, analysts, and theories. This
received from Mudurnu. study uses source and analyst triangulation. The use of secondary

data sources in addition to the interview data shows how the

2.3 Data Analysis source triangulation was used, and the inclusion of three

researchers in the data collection and interpretation stages shows

As a result of the combining the interviews with the how analyst triangulation had been used.
evaluations from the three researchers, two themes were
determined: evaluating the current situation and evaluating the 3. FINDINGS
coexistence of a slow city and tourism. Based on the purpose of
the study, descriptive analysis was carried out by presenting 3.1 Evaluating the Current Status
direct quotations of the interviewees’ statements regarding Table 2 shows the number of tourists with accommodations
certain themes. Secondary data such as the number of tourists, in the slow cities of Tiirkiye for 2018 and 2021. The 2018 figures
population sizes, and newspaper content were also included in have been included to reflect the situation before the COVID
the analysis alongside the interviewees’ statements. pandemic, and the 2021 figures have been included to reflect the

situation after the gradual lifting of the pandemic restrictions.
Although this table is far from being able to explain the impact

& =
Figure 2. A Picture from the Slow City, Akyaka
Source: Haberekspres, 2022
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being a Cittaslow city has on the demand for tourism in the
destination, it does provide partial information on the current
situation of these destination cities. As can be seen from the
table, the number of tourists with accommodations in slow cities
is not very high. However, as can be understood from the views,
a higher demand is found for day trips compared to overnight
stays in slow cities. Representing Koycegiz, Interviewee 17 (I-
17) stated the following about daily visits still being predominant
despite the increased demand accompanying the Cittaslow title:

This place can be described as a place where daily visits are
more common than visits with overnight accommodations.
Visitors to this area don t really interact much with the locals as
they pass by here on their way to more popular destinations
around the district such as Fethiye, Marmaris, or Bodrum.

In terms of the number of tourists with accommodations, the
destinations that are at the top of the list for having reached more
than 50,000 tourists are in order Mudurnu, Seferihisar, Kdycegiz,
and Foca. For both years, Mudurnu had the highest number of
tourists. The factors that make Mudurnu stand out among the
slow cities are its high-end hotels and Abant Nature Park, which
is located in the middle of the country’s largest domestic tourism
market and includes cities such as Ankara and Istanbul, is located
within the boundaries of the district. Otherwise, the overnight
capacity of Mudurnu city center is 253 persons in 12 facilities
(Geng, 2016); this place lacks the potential to compete with
summer tourism destinations such as Seferihisar, Akyaka, and
Focga, which have attractions such as sea, sand, and sun, as well
as being slow cities. The demand for Mudurnu city center can be
understood from the statements of all participants from Mudurnu
to not be overnight tourism but to mainly involve same-day
visits, as in many other slow cities. I-15 expressed their views,
stating, “People generally stay in Abant or the facilities on the
way to Abant. I believe they have day trips to Mudurnu.”

As explained above, tourism demand for slow cities in
Tiirkiye is not high. Hence, no generalization can really be made
about a positive or negative effect of tourism originating from
slow cities. To come to a conclusion on this effect is much more
difficult, especially in destinations that have recently been
included in the Cittaslow movement. However, in slow cities
such as Seferihisar, Akyaka, and Goékgeada, which also host
tourists within the scope of mass tourism, the positive and
especially negative effects of tourism can be felt and interpreted
much more clearly. In fact, due to being micro-destinations, they
may face challenges in meeting the demand due to their
infrastructure and superstructure. These destinations are also

featured in the press from time to time with news about the
intense demand for tourism.

Gokegeada representative [-10 explained as follows about
how the social life of the local people is adversely affected
during the summer in particular:

For Gékgeada, especially in spring and summer, the demand
is at a disturbing level. It has become worse, especially after that
movie (Hedefim Sensin) was shot on the island. For the last two
vears, it has exceeded its carrying capacity. I don't think being
included in the Cittaslow association has had a noticeable effect
on this demand. I'm sure there are also tourists who are attracted
to this title, but I believe their numbers are far lower than what
they should be. Those who go to the island to work in June like
us later experience serious difficulties. Although the ferry times
are more frequent now, most of the time, we cannot get on the
ferry with our personal cars. We have to leave our vehicle in the
car park at Kabatepe Port and continue on foot. When we
continue on foot, there are times when we cannot board the
minibuses on the island or find a taxi. Besides, prices increase
tremendously in the summer time. This is another huge problem
for the locals. In addition, houses for students and civil servants
are rented until the end of May. Once the season starts, even if
the schools are not closed yet, the students and workers must
evacuate their homes because these houses have been rented to
domestic and foreign tourists as daily rentals or hostels. These
are the biggest difficulties the locals face.

Linking the adversities experienced in destinations with a
high number of tourists from mass tourism directly to destinations
being designated as slow cities does not seem like the right
approach. These destinations have the potential to attract many
tourists, even if they were not designated as slow cities. For this
reason, the most appropriate explanation to this would be that the
adversities do not directly originate from these cities being slow
cities and that these adversities are unacceptable for a slow city.
I-1 expressed their opinion on Akyaka, summarizing the events
and explaining their thoughts on how Akyaka should be removed
from the Cittaslow union as follows:

Akyaka is no longer a slow city, and it should not be called one
anymore. In the summer months with the influx of domestic and
foreign tourists, vehicles form a queue. The beach is bursting at the
seams, accommodations remain insufficient, and we witness a scene
with a terrible crowd of people on the beach as a result. Thus, the
demand in Akyaka is way above its carrying capacity. This hurts its
slow city identity and the natural texture of the district.
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The answers to the question of how the local people view the
developments in the destination due to tourism are in line with
the theory of social change. A substantial number of participants
stated that those who make money from tourism and the young
people who benefit from businesses such as cafes opened for
tourism purposes have a more positive perspective. Akyaka
representative I-1’s views on the subject are as follows:

We can divide the local people into two groups: those who
make money and those who do not. The local people who make
money are happy. Of course, with profit comes satisfaction.
However, those who cannot earn money from tourism or do not
have any work are unhappy about this hecticness. They think the
root cause of problems such as noise, crowds, and costs is the
tourists, and they are quite disturbed by this situation.

The opinions of the representative of Kdycegiz (I-17), which
attracts the attention of investors as a touristic destination
compared to many other slow cities in Tiirkiye, are as follows:

In this process, I can say that those who migrated to the district
from outside have been more advantageous than the locals,
because the owners of the newly opened businesses are not locals
but settlers from outside. Young people are more positive because
they see new cafes and restaurants as alternatives. However, I do
not think that the local people respond positively to the increased
demand in tourism. Only one or two local people earn money as a
result of the increased demand, such as boat tour owners in certain
months of the summer season. Other than that, how the situation
benefits the local people is open to question.

3.2. Evaluations on the Relationship Between Slow Cities
and Tourism

While 11 interviewees stated being included in the slow
cities association to be a marketing strategy for tourism, seven
interviewees abstained from judging between a marketing
strategy and the belief and desire to internalize philosophy. The
main argument of the interviewees who believe the primary goal
of joining the Cittaslow association to have been tourism
involves the developments they associate with tourism in the
destination. Explaining their views on Akyaka, interviewee I-1
explained the following about how no actions are taken to protect
the slow city’s identity and how tourism is prioritized:

1 think joining the slow city union is an initiative for tourism
purposes. The administrators who adopt the slow city philosophy
also aim to preserve the slow city identity and establish a plan in

this direction. But we cannot see such planning in Akyaka. The
scenery during the peak season is not pleasant at all.

The representative of Mudurnu district (I-14) explained how
local administrators had considered joining the Cittaslow
network as a marketing strategy, had been unsuccessful in their
strategy, and only carried out activities to impress the local
people, stating the following:

The sensations of the district administrators on this issue are
only a pretense of what they see in the surrounding districts.
They are quite ineffective in internalizing the philosophy of the
subject. They just say that they think this is important for tourism.
But in practice, they only exhibit show activities to the local

people.

Stating how they see no negativity in destination marketing
with the Cittaslow title, I-16 explained their views on how slow
cities with a limited supply of tourism cannot become a
destination where the negative effects of tourism will be seen
due to marketing, stating the following:

Except for Seferihisar and Akyaka, the districts are outside
the general tourism supply regions. Therefore, they should
become more noticeable so that tourism can develop there as
well. The solution to the contradiction and its philosophy can be

found later on. I think that tourism cannot develop enough to

cause deteriorations and similar problems in slow cities.

[-6 shared an abstaining view and explained how the
perspectives of the administers are what determine their attitude
toward the slow city approach, stating the following:

In certain destinations, we can really feel that the main
purpose is to live and maintain the slow city philosophy. But in
other places, it is the total opposite. They use it as a marketing
tool. This may vary depending on the management skills and life
philosophy of the administrator.

When one accepts that local administrators see inclusion in
the Cittaslow network as a marketing strategy, which the majority
has suggested, one can say that most administrators have been
unsuccessful in implementing the strategy in their minds when
by considering the number of tourists. In addition, the opinions
of the interviewees allows understanding of how awareness of
the slow city philosophy is not enough and how destinations
included in the association do not convey to their potential
visitors any information about slow cities and their inclusion in
the association. Many interviewees stated that tourists do not
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visit the destination with the awareness of the slow city
philosophy. I-9 explained how visitors are more interested in the
features that prepare the ground for the slow city title rather than
the title itself, stating the following:

I believe that visitors to Gerze find the district to have a
Cittaslow certificate only after coming to the city. To my
knowledge, the facilities here do not use this feature in their
marketing activities. People do not come here because Gerze has
been included in the Cittaslow network, I think they come here
because Gerze partially meets some of the slow city features.

When questioning the contradiction between the Cittaslow
title and the idea of destination marketing, the majority of the
interviewees pointed out that sustainability should be ensured by
acting in accordance with the criteria and stated that conflicting
situations would arise if this could not be achieved. I-18 from the
Halfeti destination had the following opinions on the subject:

1 think the key point here is to create an environment where
sustainability is ensured and the carrying capacity not exceeded
by improving all the conditions regarding being a slow city,
rather than just being marketed as a Cittaslow. I don ¥ think there
is any harm in branding and marketing by adopting a balanced
tourism understanding. In cases where this situation is used only
as a marketing tool, the destination loses its feature of being a
slow city; when commercial purposes are pursued carelessly,
negative consequences may arise.

The above-mentioned and other similar views give rise to the
debate on whether Cittaslow criteria and tourism can truly go
hand in hand in any balanced way. In other words, the question
arises regarding the extent to which the desired results in tourism
can be achieved without violating the Cittaslow criteria. The
opinions of the interviewees were formed within the framework
of the slow city criteria being in line with the principles of
sustainable tourism, while in practice, administrative policies
and the perceptions of locals and tourists are the decisive factors.
Representing the destination spot of Gerze, I-9 expressed their
views on the importance of stakeholder cooperation in destination
management as follows:

In my opinion, sustainable tourism approaches fit the
Cittaslow philosophy well. This theoretical good fit should be
also demonstrated in practice. The important thing here is
having the central public authority, universities, local
governments, businesses, and non-governmental organizations
work in coordination to establish a sustainable tourism approach

in the destination. The criteria for sustainability should be
determined scientifically, and compliance with these criteria
should be strictly controlled. To the extent that these can be
achieved, I think the Cittaslow approach can be followed in
harmony with the principles of sustainable tourism.

Another important aspect of benefiting from the tourism
sector by complying with the criterion of being a Cittaslow is
stakeholder perception. Representatives from destinations that
have problems in terms of the coexistence of a slow city and
tourism, as well as the interviewees who foresee that such
problems may occur, underlined the need to have the right
perception first. Yalvag representative 1-2’s had the following
views on the subject:

What needs to be done is to keep the controls in place
regarding the implementation of the Cittaslow concept through
conscious residents and administrators and to prevent situations
such as excessive tourism and excessive construction.

Pointing out the utilitarian approach, Gokgeada representative
I-7 explained how the quality of tourism activities is more
important than tourism activity itself in the destination and how
perceptions should change in this direction, stating:

Although the tourism sector sometimes serves excessive
consumption and monotony in the globalizing world, it is also
important for people to receive service in a planned way. In my
opinion, creating the right perception of tourism will not harm
the Cittaslow philosophy. The idea of a slow city includes
increasing public investments and stimulating the local economy,
as well as preserving cultural values. However, adopting a
tourism approach focused entirely on the perception of benefit
contradicts the Cittaslow philosophy.

Carrying capacity is frequently mentioned in the execution of
sustainable tourism in a destination with regard to not violating
the Cittaslow philosophy. The interviewees emphasized this
because they are aware of the situation in destinations such as
Seferihisar and Akyaka, both from the press and from their visits,
and they know that these slow cities have limited infrastructure
and superstructure. 1-17 stated knowing Akyaka very well
despite residing in Kdycegiz, and had the following opinions:

The Cittaslow movement includes very important criteria in
its essence. It focuses on the sustainable development of the
region and the preservation of both the local values and the
essence of the region. However, after being included in the
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Cittaslow network, a rapid development occurs that draws the
attention of more people, contrary to the philosophy of this
movement. I'm talking about a process that results in more noise,
more waste, more people, and more construction. It is not just
about joining the Cittaslow network. What are the plans
regarding carrying capacity? Do we have an action plan for
development? We should think about these questions.

In the event that carrying capacity is exceeded, the dominant
opinion is that all stakeholders have a responsibility to prevent
the occurrence of adverse events contradicting the philosophy of
slow cities. Mudurnu representative I-11 explained how the
responsibility should be shared among local administrators, the
public, travel agencies, and such, stating:

By increasing the movement of people through tourism, you
can cause a region that you have declared to be slow to become
fast and the peace and tranquility to be lost in the region. First
of all, if regions really adopt the fact that they are slow cities, if
the public becomes more aware of the subject and believes in
and embraces this concept, then I believe tourism activities can
also be carried out. I mean, first you need to truly be a slow city,
then be a destination. But the most overlooked criterion is
carrying capacity. Once people begin to earn money from
tourism, they tend to not care about the criteria, unfortunately.
When regarding carrying capacity, agencies that bring tours to
the region as well as local governments need to be conscious and
act sensitively.

4. CONCLUSION

Beyond official statistics, the conclusion can be reached
based on the interviews conducted within the scope of the study
that a heavy demand exists for slow cities in Tiirkiye that have
daily tourism. This outcome of the study is also supported by
other studies (Cosar, 2013; Citak, 2016; Pajo, 2017). This can be
explained by the lack of activities attracting tourists to spend the
night in slow cities. Studies conducted in Gdoyniik (Zengin &
Geng, 2018) and Mudurnu (Geng, 2016) found the lack of
attractive activities to inhibit overnight stays. The fact that
destinations such as Seferihisar, Foca, and Akyaka, which have a
relatively high number of tourists who spend the night, are
coastal destinations confirms the importance the presence of
activities has for overnight stays.

Although the current tourism demands are not at a level that
will cause negative results apart from in certain slow cities, the
interviewees seem to be resistant to the idea of coexistence

between slow cities and tourism. The most pessimistic opinions
regarding this were received from the representatives of the
Seferihisar, Akyaka, Kdoycegiz, and Gokceada destinations.
However, these destinations should be note for having a high
tourism potential independent of their Cittaslow title. These
destinations are frequently in the news with their high tourist
numbers during the summer season and on special days such as
bank holidays. Therefore, the problems faced in these destinations
cannot be attributed to them being slow cities. Nevertheless,
these destinations in their current state can clearly be stated to
have lost their tranquility, so much so that the Akyaka
representative expressed an opinion that they should be removed
from the Cittaslow association. Other representatives, being
experts on the subject, underlined a forward-looking approach
regarding why the slow city criteria, which they believe to be
compatible with the criteria of sustainable tourism, should not be
abandoned and how administrative policies are not established
with the participation of all parties. In their opinions, this is the
only way for slow cities and tourism to be able to coexist.

Arikan et al.’s (2015) study on three slow cities of Austria
defined slow city tourists as being highly educated and quality-
oriented, having low price sensitivity, and being highly interested
in culture and history. This cannot be said to apply absolutely to
the tourists visiting slow cities in Tiirkiye. In fact, a considerable
number of interviewees expressed how visitors do not have
enough knowledge of slow cities, do not act with awareness of
this concept, and even more so don’t find out the destination is a
slow city until after they’ve arrived at the destination. This data
indicates the lack of quantity regarding slow cities to also be
valid in terms of quality.

Of the 18 representatives interviewed within the scope of the
study, 11 stated the primary consideration for joining the
Cittaslow network to have been destination and tourism
marketing rather than the Cittaslow philosophy. Similarly,
Ekincek (2014) reached the conclusion directly through the
opinions of local administrators that inclusion in the Cittaslow
network is considered a marketing tool. However, adopting
marketing as the main objective while overriding the Cittaslow
philosophy poses a threat to slow cities’ becoming a part of the
global world (Semsari & Giritlioglu, 2021) and in the long run
these cities may risk becoming everywhere cities (Akman et al.,
2013) or clone cities (Semmens & Freeman, 2012).
Representatives of destinations with a high demand for seasonal
tourism, such as Gok¢eada, Koycegiz, Seferihisar, and Akyaka,
stated that these places resemble other destinations. This is
completely against the Cittaslow philosophy, which is based on
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the idea that cities are not duplicates of one another but are places
that have preserved their originality.

Finally, in line with the findings obtained from the literature
review and interviews, the following suggestions can be
presented for the maintenance of sustainable tourism in slow
cities by acting in line with the relevant criteria.

Prioritizing the welfare of the local people should be kept in
mind as one of the basic requirements of being a slow city.
Administrators should keep this in mind while forming their
policies.

The framework of the destination administration’s policies
should be based on Cittaslow criteria.

Information should be exchanged with other slow cities.
Destination comparisons are needed in terms of positive and
negative effects.

Data should be collected in order to understand the views of
all stakeholders, especially local people, and this data should
be used in management.

Cittaslow marketing should be prioritized over traditional
destination marketing. The title of Cittaslow should stand out
so that tourists who will consciously choose to visit the
region can be targeted. Modern and local artistic and cultural
activities should be carried out and highlighted in marketing.
A region’s cultural activities should be included within the
framework of the principle of conservation. A good example
in this regard is the “Tradesmen’s Prayer,” which was held in
Mudurnu as an application of the Ahi culture (Geng et al.,
2016). Discussions come to the fore occasionally about
moving the Tradesmen’s Prayer event, which has been held
every Friday for centuries, to the weekend for tourism
purposes. Despite these discussions, the proper decision was
mad to not change the day of the event. However, the event
retains important value for marketing Mudurnu as a tourist
destination.

Infrastructure (e.g., traffic arrangements, parking lots) should
be completed and developed through scientific studies. This
is important for preventing overcrowding that may occur due
to tourism from negatively affecting the welfare of the local
people. Especially in high-volume seasons, centers may be
closed to vehicles. In addition, selling property to investors
and individuals from outside the area should be made difficult
or prevented.

Close relations should be established and meetings organized
with the relevant departments of universities whose fields of
study cover urbanism and tourism.

In particular, the number of accommodation facilities should
not be increased to meet the demand, and local governments

should make strict decisions in this regard. Otherwise,
commitment to tourism through other businesses may
increase, and the negative effects of tourism may trigger one
another. In slow cities by the sea, cultural and artistic
activities should be emphasized rather than mass tourism
activities, with the aim needing to be a positive change in the
tourist profile.
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ABSTRACT

Academic studies on mountains have increased since the 1990s. The aim of this study is to examine the current situation and development of the
international literature on mountainous areas. The Mountain Research and Development Journal was determined as a sample and formed the data set of
1574 articles published in the journal. Network analysis method was applied using VOSviewer v.1.6 program. To conduct the research, only the terms in the
keywords were used as the unit of analysis. In this context, frequency, relationality, clustering and time trend analyses were performed, respectively. When
the clustering of the most used concepts in the keywords of the articles published in the MRD journal according to the network analysis was examined,
eight clusters were determined. It turned out that the most frequently used concept among these clusters was “climate change” When the time trend is
examined according to the network analysis of the concepts, studies on the effects of climate change have gained importance, especially in the last 10
years. Where there are conceptual transformations in the studies carried out on mountain slopes in certain years, anthropic emphases have come to the
forefront rather than natural conditions.
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Ozellikle 1990'h yillardan itibaren dagla ilgili akademik calismalar artmistir. Arastirmanin amaci, daghk alanlarla ilgili uluslararasi literatiiriin mevcut
durumunu ve gelisimini incelemektir. Dag Arastirma ve Gelistirme Dergisi 6rneklem olarak belirlenmis ve dergide yayinlanan 1574 makalenin veri setini
olusturmustur. Ag analiz yontemi VOSviewer v.1.6 programi kullanilarak uygulanmistir. Arastirmayi yiiriitmek icin sadece anahtar kelimelerdeki terimler
analiz birimi olarak kullaniimistir. Bu kapsamda sirasiyla frekans, iliskisellik, kimeleme ve zaman trendi analizleri yapilmistir. MRD dergisinde yayinlanan
makalelerin anahtar kelimelerinde en ¢ok kullanilan kavramlarin ag analizine gore kiimelenmesi incelendiginde sekiz kiime belirlenmistir. Bu kiimeler
arasinda en sik kullanilan kavramin “iklim degisikligi” oldugu ortaya cikti. Kavramlarin ag analizine gére zaman trendi incelendiginde, belirli yillarda dag
yamaclarinda yapilan calismalarda kavramsal déntstimlerin yasandigi 6zellikle son 10 yilda iklim degisikliginin etkilerine yonelik calismalar 6nem
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1. INTRODUCTION

Mountains are defined in many different ways. In addition to
slope and height, criteria such as profile, relative elevation, land
use, biogeography and environmental factors are also included
(Price, Arnesen, Gleersen, & Metzger, 2018). However, the
indispensable criterion for the definitions is the altitude value
above sea level (Sarmiento, 2011). Bevington, Brideau and
Geertsema (2017) stated that a mountainous area can be defined
by evaluating the absolute and relative criteria together.
Hereunder, topographic shapes that are higher than sea level and
have a different ecosystem compared to their surroundings are
defined as mountainous areas. According to the European
Charter of Mountain Region, mountains are defined as “areas
with special conditions such as altitude, sloping surface structure
and climate that will affect human activities” (CLRAE, 1995).
Despite the difficulty of defining a single mountainous area, it is
accepted that approximately one-fourth of the world is
mountainous today (Scott, 2006). Mountainous areas are
significant geographical regions of the world, due to biodiversity
and water resources, ecological structure, cultural diversity and
traditional living qualities. These areas contain vital resources
not only for those living in the areas, but also for those living on
plains (Borowski and Munteanu, 2011; Price et al, 2018).

Awareness of mountainous areas has increased globally since
the 1990s. Considering the development of institutional
importance, it should be specified that 1992 and 2002 were
breaking points. The United Nations (UN) at the Rio Earth
Summit Conference emphasized the issue of mountainous areas
in 1992 for the first time. As an output of the meeting, in the
Agenda 21 action plan, mountainous areas were included in a
special section and the 13™ title was named as “Management of
the Fragile Ecosystem: Sustainable Mountain Development”.
Afterwards, 2002 was declared the “International Year of
Mountains” by the UN. Moreover, suggestions have been made

for countries to develop cooperative plans and policies in order
to consider mountainous areas in the context of sustainable
development and to change the global perspective. These
developments are of great importance for both global
mountainous areas and those living in these regions (Grabherr
and Messerli, 2011). The rise in academic interest in mountainous
areas is in parallel with the period when institutional interest
increased. In a basic search in the Scopus database, the
distribution of the articles with the concept of “mountain” in the
keywords, title and abstract sections of the publications is seen
according to years (Figure 1a). Nevertheless, after 1997 is the
period when the interest largely increased in the subject just a
short time after the 1992 Rio Earth Summit. The quantitative
increase in the number of studies has been mostly carried out in
the field of natural sciences (Figure 1b). The natural sciences
followed, with studies on the field of environment and agriculture.
Considering the development of mountain literature, it is
obviously seen that certain fields of study gained importance in
it. Still, it is not possible to draw conclusions about when the
fields of study began to diversify, as well as which concepts were
discussed. As a result of the overall development approach in the
1990s, interdisciplinary studies were started in mountainous
areas, thus social issues were included in the research.

With the increasing importance given to mountainous areas
at the international level, the quantitative development in the
literature and the diversity of topics, researchers have started to
focus on human issues. In addition, initiatives that support
various platforms and interdisciplinary approaches have
increased. In this context, the most significant activity has been
the establishment of research networks to increase the cooperation
of researchers interested in mountainous areas. Some of these
networks are Instituto de Montana (1996), Rete Montagna
(2000), The Global Mountain Biodiversity Assessment (2000),
The Mountain Research Initiative (2001), Mountain Partnership

(2002), Mountain Invasion Research Network (2005), Science
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Figure 1. Distribution of publications on mountainous areas by years (a) and research areas (b) (Resource: Scopus, 2022).
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for the Carpathians (2008), Our Alps Network (2011), Scientific
Network for the Caucasus Mountain Region (2014) and Canadian
Mountain Network (2019). The common features of prominent
networks are to draw attention to the environmental, social,
cultural and economic problems of mountainous areas in order to
ensure sustainable development in these areas, as much as to
protect biodiversity. All these efforts have led to the development
of many different disciplines, methods and perspectives in the
mountain range literature today.

Even though to access the quantitative change of studies on
mountainous areas and general information about the study field
are possible, to comprehend temporal changes of concepts and
future trends ascertained from the concepts are discussed in the
literature are not as possible. The main objective of this research
is to understand the current situation of the mountain literature
by making bibliometric analyses on the Mountain Research
Development (MRD) Journal, which directly publishes studies
on mountainous areas. In this regard, the aim of the paper is to
examine the development, change and current status of studies in
the international mountain literature, and to identify new
concepts, themes or topics with bibliometric techniques to
provide substantial suggestions for multidisciplinary concepts
for future research. In this framework, the focus of the paper is
to address issues in the international mountain research and seek
answers for the following questions:

RQ1: What are the recent and main concepts in the field of
mountain research?

RQ2: How have they changed over time?

RQ3: What will be the future studies are mostly focused on?

In order to answer the research questions, the bibliometric
data were analysed by using the VOSviewer program with the
network analysis technique. It is seen that the VOSviewer
application, which has been used in recent years, has been used
in many studies for different purposes and patterns (Garousi,
2015; Yalgin and Yayla, 2016; Giizeller and Celiker, 2018;
Kocak, Garcia-Zorita, Marugén-Lazaro, Cakir & Sanz-Casado,
2019; Giiney and Somuncu, 2020; Jiménez-Garcia, Ruiz-Chico
& Pena-Sanchez, 2020; Kumar, Sureka & Vashishtha, 2020;
Rodriguez-Soler, Uribe-Toril]. & Valenciano, 2020; Donthu,
Kumar, Pandey & Gupta, 2021; Herrera-Franco, Montalvan-
Burbano, Carrion-Mero, Jaya-Montalvo & Gurumendi-Noriega,
2021; Ledn-Goémez, Ruiz-Palomo, Fernandez-Gamez & Garcia-
Revilla, 2021; Rosato, Caputo, Valente & Pizzi, 2021). In these

papers, there are different focal points, such as the citation
pattern between the authors, prominent concepts, the most
studied areas, and the changes according to the years. Herrera-
Franco et al (2021) analysed the geopark literature using
VOSviewer as an example of bibliometric analyses made on
concepts. Furthermore, Donthu et al (2021) made bibliometric
analyses through the publications of the International Journal of
Information Management for over 40 years, and Kumar et al
(2020), did the same on the publications of the Journal of
Heritage Tourism between 2006-2019. Although there has been
no study conducted with the bibliometric analysis method on any
journal about mountains, important guidance and determinations
have been made. There are important studies on the development
and future trends of mountain literature. It has been emphasized
in previous studies that mountainous areas are in constant
change, and it has been stated that what this process brings can
be turned into an opportunity (Adler et al, 2020). In addition,
many studies have been carried out in order to draw the
boundaries of the concept of mountainous area and to emphasize
its importance (CLRAE, 1995; Scott, 2006; Kapos, Rhind,
Edwards, Price & Ravilious, 2000; Korner, Paulsen & Spehn,
2011; Price, 2015; Drexler et al 2016; Karagiille et al 2017).
Despite the fact that there are important determinations regarding
the literature on mountainous areas in the mentioned studies, a
study based on bibliometric techniques has not been conducted
yet. The proximate research to the subject carried out with the
bibliometric method, was conducted by del Rio-Rama,
Maldonado-Erazo, Duran-Sanchez & Alvarez-Garcia (2019) in
the field of mountain tourism. The study was carried out by
searching the term “Mountain Tourism” on Scopus and Web of
Science. In addition, highlighting that Scopus is more inclusive
regarding the concept mentioned above, it was revealed that the
concepts of “climate changes”, “sustainable development” and
“tourist system” were the most studied subjects. Also, Zeng, Li,
Nuttapong, Sun & Mao (2022) made a network analysis of the
articles published in many journals on mountain tourism by
citation, keywords and countries, using the bibliometric network
analysis method and VOSviewer.

Conducting the research with bibliometric indicators
provides more objective findings and results. Therefore, the
most important motivation of this research is to be a guide for
future studies by determining the gaps and implicit information
in the literature based on a bibliometric analysis with substantial
indicators. The prominent concepts, according to the findings of
the research, allow some inferences to be made for the direction
of future studies on mountainous areas. For this reason, this
research might be important for researchers working on

137


https://orcid.org/0000-0003-4682-4905
https://orcid.org/0000-0003-2402-9134
https://orcid.org/0000-0002-2214-8327
https://orcid.org/0000-0001-8890-0537

GUNEY, ALTUNDAL ONCU, GOKOZKUT, SOMUNCU / Cografya Dergisi - Journal of Geography, 47: 135-147

mountainous areas to understand the current situation,
opportunities, current research areas and methods. With this
motivation, firstly, in the data and method section of the research,
how the data was obtained and how it was analysed are discussed.
In the findings section that follows, the results of the analysis are
evaluated in the context of the research questions. Finally, in the
conclusion and discussion section, the findings are discussed and
implications for future studies are given.

2. MATERIAL AND METHODS

2.1. Data Collection and Sample

This section explains how the data and method selection was
made and how the analyses were interpreted in line with the
research question and purpose (Figure 2). In order to answer the
research questions, firstly a suitable sample is determined.
Scimago Journal & Country Rank (SJR), which provide the
subject area weights and impact factors of the journals, was used
to determine the sample. In this ranking index, when the journals
with the concept of mountain in their names are examined, a
total of seven journals came to the fore. Among these journals,
three important criteria were developed for the validity and
reliability of the research at the stage of sampling. The first one
is that it has a long publication life, the second is that the journal
focuses on mountainous areas as a research topic, and, last but
not least, that it is among the most influential journals
internationally. Considering these, in this study, Mountain
Research Development (MRD), one of the most important
journals leading mountainous field studies, was determined as
the sample (Table 1). It is necessary to state that in addition to
the developed criteria, content-based criteria are also important
for the selection of this journal as a sample. The most important
factor taken into consideration in this regard is that the journal
includes papers from various dimensions about the mountainous

Research question Purpose Database
and
RQ1: What ! Sample
arethe recent |
and main
conceptsin
thefield of

mountain
researches?
RQ2: How

current

have they and new e !
c.hanged over " | concepts /| Mountain
time? : .| Research :
RQ3: What : | Development |

will be the
future studies
are mostly
focusedon?

T

Software Method

areas with an interdisciplinary approach. Hereby, the research
aims to deal with mountainous areas and the environmental
conditions associated with these areas in a wider context in the
literature. Besides, in order to follow the latest developments in
the mountainous area literature, the journals must be open access,
which allows the journal to have a wide readership as well as
allows researchers from all over the world to access mountain
studies. Having these features, MRD was chosen as an important
data repository for understanding the current situation and future
perspective of the mountain literature in this study.

2.2. Statistical Analysis and Assumptions

In the third stage, the method of research is determined as
network analysis in line with the purpose of the research and the
data set obtained. Network analysis is a visualization method
which is frequently used in many fields to examine the relations
of individuals, institutions or objects in the social system
formally as well as the changes of these relations in the social
structure in space and time (Tindall and Wellman, 2001; Al,
Sezen & Soydal, 2012). In order to answer the research questions,
the bibliometric data obtained were analysed with the network
analysis method using the VOSviewer v.1.61 (Centre for Science
and Technology Studies) Program. VOSviewer is a scientific
mapping program designed for visualizing networks of
bibliometric data. In the program, many bibliometric network
analyses, such as co-authorship analysis and visualization of
citation networks, can be performed based on the distance-based
visualization approach (Van Eck and Waltman, 2007). Within the
scope of the research, the concepts in the keywords as the
analysis unit were subjected to co-existence analysis. According
to this analysis, the most used common concepts in the keywords
section of the publications in the sample were visualized by
making a network analysis (Figure 3).

Analysis Unit and Type

i ., | Network . Clusteringand time trend
| analysis | of keywords

Figure 2: Research matrix (edited by using Giiney et al. 2020)
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Table 1: Ranking of the most influential journals in mountain range research (Resource: Scopus, 2022).

Source title CiteScore Highest percentile SJR Publisher Publishing since
75%
1 Journal of Mountain Science 3.1 Geography, Planning and 0.551 Science Press 2004
Development
i - ()

2 Mountain Research and Develop 30 75% 0465 Springer Nature 1081

ment Development

. North Caucasian Institute of Mining
- V)

3 SL{stalna.bIe.Development of Moun 1.4 . o1 A). . ) 0.468 and Metallurgy, State Technological 2009

tain Territories Sociology and Political Science S

University
4  Rocky Mountain Geolo 0.8 23% 0.169 University of Wyomin 1998
Yy 9y - Geology - y y 9
. ) N - . :

5 Rocl.(y Mountain Journal of Mathe 08 31% . 0374 Rocky Mountain Mathematlcs Con 1971

matics General Mathematics sortium
6  Mountain Geologist N/A N/A N/A Rocky Mountain Association of 1964

Geologists

7 Rocky Mountain Medical Journal N/A N/A N/A Colorado Medical Society 1948

In the second stage, the data set is created. The data set containing bibliometric information about 1574 works published in the MRD journal was obtained from Scopus data on
13.04.2021. In this context, the concepts used in the keywords section were determined as main data in order to evaluate the new trends towards the mountainous area phenomenon in

line with the purpose of the research.

1] Source documents
A
(® Keywords
B ® Co-occurrence of keywords
C Co-occurrence of keywords

with weighted edges

Figure 3: Demonstration of co-occurrence analysis for the concepts
in the keywords section (edited by using Trujillo and Long, 2018)

The connections between the filtered concepts depending on
the parameters determined during the bibliometric network
analysis form cluster and time trend maps under various
statistical assumptions. Within this framework, frequency,
relationality, clustering and time trend analyses were performed,
respectively. The statistical basis of these analyses comes from
the work of Van Eck and Waltman (2010).

First of all, it is the relational score that emerges based on the
frequency with which the concepts are used with each other.
Relationality is the expression of the combination of concepts
determined by the frequency assumption. It can also be given
numerically or as a relational score by normalizing it, as shown in
table 2. The relational score provides easier expression of high
numeric expressions of the findings. Therefore, a relationality
matrix is obtained by normalising the differences in the number of
co-occurrence of concepts. VOSviewer first develops the similarity
measure to calculate this relational score. Using power attribution,
the similarity s;; between the items (keywords) represented by i
and j is calculated as (Van Eck and Waltman, 2010):

Cij

S..
vy %, ()

Where, ¢;; denotes the number of occurrences of i and j, and
where w; and w; denote the total number of occurrences of i and
J, or the total number of occurrences of these elements. It can be
shown that the similarity between items i and j calculated using
(1) is proportional to the ratio between the observed number of
occurrences of items i and j on the one hand, and the expected
number of co-occurrences on the other (Van Eck and Waltman,
2010).

The next step is to transfer the data into a distance-based
network map. n represents the number of items to be matched.
The VOS mapping technique creates a two-dimensional map in
which the elements 1,...,n are placed in such a way that the
distance between any pair of elements i and j reflects their
similarities as accurately as possible. High-matching pairs of
items should be placed close together, while low-matching items
should be farther apart. The goal of the VOS mapping technique
is to minimize the weighted sum of squared Euclidean distances
between all pairs of elements. The higher the match between two
items, the higher the weight of the squared distances in the total.
Accordingly, the average distance between two items is equal to
1. Although there is no such conclusion in the Euclidean
calculation, this equation is added to the algorithm as a constraint
in order to prevent overlapping of nodes with high similarity in
the program. In mathematical notation, the objective operation
to be minimized is given as (Van Eck and Waltman, 2010):

Vet ) = syl = 5%
i<j (2)
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X; = (Xj1, Xjp) vector specifies the position of i on a two-
dimensional map, where || ¢ || specifies the Euclidean norm.
Therefore, downscaling is performed subject to restriction
because the results are understandable.

2
n(n—1)2i<f”xi —x =1 3)

The constrained optimisation solution for the problem of
reduction (2), which is the subject of (3), the majorization
algorithmused by VOSviewer, is a variant of the multidimensional
scaling SMACOF algorithm. To increase the probability of
finding a globally optimal solution, the majorization algorithm
can be run multiple times using a randomly generated initial
solution each time (Van Eck and Waltman, 2010).

Findings from the first and second stages of the analysis give
us the network maps. Therefore, in the first stage, the most used
concepts among the keywords, which are the unit of analysis,
were obtained. Secondly, the concepts with the highest
relationality were calculated and the network map emerged. In
other words, within the keywords section, a network analysis of
the most used common concepts was created. To interpret these
network maps, it can be stated that the program transfers units
with high relationality to the network map, while excluding units
with low relationality. In this way, concepts with low relevance
are excluded, and concepts with high levels are filtered out and
passed to more specific and more informative concepts about the
general view of the literature. Concepts with high relevance tend
to represent specific topics/areas and trends, while concepts with
lower relevance on the map are subsidiary concepts. The distance
between two related elements reflects the strength of the
relationship. Nodes at closer distance are more closely related
(Van Eck and Waltman, 2010, pp. 525).

In the third stage of the analysis, cluster analysis was carried
out. Relationship networks connecting the concepts/units
forming the nodes were clustered according to their spatial
proximity. The clusters consist of the relationship between a set
of all nodes and binary nodes, called a social network. Relations
are the joint work or coexistence of these nodes with each other
(Tindall and Wellman, 2001; Al et. al., 2012). In this visual
analysis, first of all, the substance density D(x) of a point x= (x1,
x2) was calculated as (Van Eck and Waltman, 2010):

D(x) = Sty wik (Ilx = xill/(dh)), @)

Here K: [0, o—[0, )] represents the kernel function and
creates the parameter called h>0 kernel width. w; indicates the

weight of the element i, that is, the total number of occurrence or
co-occurrence. The kernel function K must be non-increasing.
Hence, the VOSviewer Gaussian kernel function is used (Van
Eck and Waltman, 2010):

K(t) = exp(—t?), (5)

The substance density of a point on a map was calculated
separately for each cluster. For a cluster p denoted by Dj(x), the
matter density of a point x is defined as (Van Eck and Waltman,
2010):

Dy() = N Ly (Dywik (1 = ll/ (@) o
=1

Here L,(i) specifies an indicator function that is equal to 1 if'i
belongs to the cluster p. It shows the Gaussian kernel function
given by K(5), as in the ordinary density view. At the end of this
process, finally, cluster maps are generated (Van Eck and
Waltman, 2010).

After calculating the elements’ intensities, the colour of a
point on the map is determined in two steps. Each cluster is
associated with a colour. In the first step, the colours of the
clusters are mixed with each other. This is done by calculating
the weighted average of the colours, where the weight of one
colour is equal to the element density for the corresponding
cluster, as given in (6). In the following step, the colour obtained
in the first step is mixed with the background colour (black or
white) of the cluster density view. The ratio at which two colours
are mixed depends on the total substance density of a point given
by (4). The lower the total substance density of a dot, the closer
the dot’s colour to the background colour (Van Eck and Waltman,
2010). The results of the stage are interpreted on the map as
follows: The density of a concept depends on both the number of
neighbouring elements and the weight of these elements.
VOSviewer uses a colour scheme by default. Accordingly, red
has the highest intensity and blue the lowest.

In the final stage of the analysis, eventually, the time trend
analysis, and the progress of the periodically prominent issues in
other periods and the thematic areas created are shown on the
map. The publication dates of the articles containing the concepts
are used to determine the thematic areas that stood out here. In
this case, temporal longitude analysis is possible. A thematic
area can be defined as a group of themes that develop over
different periods. A development map, for instance, enables the
thematic areas to identify the conceptual link between the
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research themes of different periods in four consecutive periods.
Relationships between the year of publication and keywords are
examined by time trend analysis. The analysis reveals which
concepts came forward in which periods within the changing and
transforming structure of the literature. Therefore, the temporal
longitudinal analysis of the concepts is possible in this way, and
this provides the opportunity to make important predictions
about the future of the literature (Y1ldiz and Aykanat, 2017).

3. RESULTS

In this part of the research, answers to the following secondary
questions are sought: RQ1: What are the main issues in mountain
research according to the keywords or title? What kind of a pattern
does their use together and their use over time reveal? In this
regard, the keywords of the articles published in the MRD journal
are the unit of analysis related to which subjects and concepts have
been examined in mountainous field studies because, at this point,
researchers give information to the reader about which concepts
the work is built on. Although this section is limited to five or six
words, compared to the title section, it conveys much more specific
information or concepts about the work (Kozak, 2018).

3.1. Co-occurrence Network of Keywords: Cluster and
Time Trend

The textual data in the keywords section of 1574 articles
published in the MRD journal in the Scopus database were analysed
according to their co-occurrence. In order to determine the words
with conceptual value in the research, 144 concepts were found that
were repeated at least 4 times out of 2512 words used in the
keywords section of 1574 documents. In the analysis, the frequency
and co-occurrence of the concepts, in other words 144 concepts
with the highest correlation, were included in the network mapping
(Figure 4 and Table 2). The words that exist structurally and the
words related to copyrights in the title section were ignored in the
analysis. The findings regarding the frequency and concomitant use
were analysed in two different dimensions. These concepts formed
9 different clusters according to their coexistence (Figure 4 and
Table 2). Moreover, the temporal trend of the network analysis
consisting of 144 concepts was created (Figure 5). The results
obtained from this analysis can be listed as follows:

3.1.1. Cluster One and Two: Climate Change, Protected
Areas and Europe

The first cluster is represented by the colour red. There are 27
concepts in total. The basic concept in this cluster is “climate

change” due to its central location and frequent use. The spatial
context of this concept is continental Europe. When the other
concepts in this cluster were examined, the density of spatial
regions expressions such as “Switzerland”, “Alps”, “Austria”,
“Italy”, “Europa” are seen (Figure 4 and Table 2). The most
important social phenomenon in the analysis of the concept of
“climate change” in continental Europe and the Alps plane was
“tourism”. Once the analyses were examined, the density of the
concepts such as “snowmaking”, “regional development”,
“adaptive capacity”, which are the auxiliary themes for the
concept of tourism, can be seen (Figure 4 and Table 2).

The closest cluster to the first cluster—the cluster of climate
change—is the second cluster indicated by green. It can be said
that the key concept among the 25 concepts in this cluster is
“gender”. Additionally, there is the concept of “women” in the
cluster, which is commonly used together with gender. In the
first cluster, the key concept is climate change. It can be explained
by the fact that the red and green clusters are very close and
intertwined, and by the concept of “climate change” is very close
to the green cluster. Other frequently repeated concepts in this
cluster are “conservation” and “mountains”. It is seen that
“protected area(s)”, which are used closely with the concepts,
are used intensively in the cluster too. Therefore, this gives an
idea about another spatial context for the first and second clusters
(Figure 4 and Table 2).

3.1.2. Third, Fourth and Ninth Clusters: Spatial Analysis
and the Continent of Asia

According to the analysis, the third cluster of concepts is
represented in blue and there are 24 concepts. The prominent
concepts in this cluster are “Pakistan”, “Kyrgyzstan”,
“Tajikistan”, “Tibetan Plateau”, “Central Asia”, “Tibet”,
“Georgia”, “Karakoram”. Therefore, it is seen that the spatial
context of this cluster is formed by the studies in the Asian
Continent and especially in the Turkic Republics (Figure 4 and
Table 2). The fourth cluster is represented in yellow and there are
20 concepts. This cluster is closest to the blue cluster. This
indicates that these two clusters are studied in very close areas or
places. The concepts in the most central position in the fourth
cluster, thus, are “Nepal”, “China”, “India” and “Himalaya”.
Factual concepts discussed in the third and fourth clusters are
“migration”, “remote sensing”, “land cover change”, “human
disturbance”, “soil”, “species diversity” and ‘“vegetation”.
Furthermore, the closest cluster to these two due to their
connections and location on the network map is the ninth cluster,
represented in pink. In this cluster, while the spatial context is
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Figure 4: Clustering of the most used concepts in the keywords of the articles published in the MRD journal according to the network analysis

“Thailand”, the main concept is “livelihoods”. Therefore, it is
seen that the studies on the Asian continent are subjects within
the natural sciences in general (Figure 4 and Table 2).

3.1.3. Fifth, Sixth, Seventh and Eighth Clusters: Spatial
Analysis and Europe

The regional segregation in the network analysis, on the one
hand, clearly shows that some research topics are also segregated
regionally. On the other hand, there are studies that are common
for both regions. In this sense, clusters five, six, seven and eight
have been the common subjects examined in both regions due to
their position and connections in the network analysis. These
clusters show that the fifth cluster, which is represented in purple,
has 20 concepts, and three of them stand out as key concepts,
namely, “landscape change”, “soil erosion”, and ‘“natural
resource”. Other clusters supporting this are the seventh with 12
concepts and represented in orange and the eighth represented in
brown. When the concepts in these clusters are examined, it is
seen that “GIS”, “landscape”, “land use change”, “forest cover”
are the main ones. As a result, clusters five, seven, and eight
represent a group working with GIS-based techniques. The sixth
cluster, represented in turquoise, showed little divergence from
these clusters. This area is a cluster where joint agricultural
studies are predominant for both continental European and Asian
research (Figure 4 and Table 2).

3.1.4. New Trends

The use of the concepts over the years also illustrates the
change in the research focus in the literature. According to the
analysis, the use of concepts such as “GIS”, “landscape”,
“vegetation”, “grazing” and “afforestation” are intense in 2006
(Figure 5). In 1995, the Council of Europe prepared the European
Charter on mountain regions to create the concept of “European
Highlands” and to develop policies for solving problems through
cooperation in bordering mountain regions in the 13 Congress of
Local and Regional Authorities of Europe (with the Resolution no.
202) (CLRAE, 1995). Afterwards, 2002 was declared the
“International Year of Mountains” by the UN. Suggestions have
been made to develop plans and policies based on cooperation
between countries in order to address the mountainous areas in the
context of sustainable development and to change the global
perspective. These institutional movements have increased the
studies in the literature to define mountainous areas, to draw their
borders and to determine threshold values in this context.
Moreover, the fact that geographic information systems (GIS)
allows easy queries and macro-scale applications in the
classification systems has made necessary changes in the criteria
and threshold values used. The first global digital mapping work
on the distribution of forests was held in 1996 by the UN World
Conservation Monitoring Centre (WCMC) (Kapos et al, 2000).
On top of this study, different criteria and threshold values are
included in GIS, and the boundaries of mountainous areas are
determined. Therefore, it should be emphasised that one of the
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Figure 5: Time trend according to the network analysis of the most used concepts in the keywords in the articles of the MRD journal

most debatable concepts in mountain literature has been GIS and
the studies related to the technique (Kapos et al, 2000; Blyth,
Groombridge, Lysenko, Miles & Newton, 2002; Kérner et al
2011; Karagiille et al, 2017).

Considering the development of the importance given to
mountainous areas, it should be noted that 1992 and 2002 were the
breaking points. Previous studies on mountainous areas were dealt
with only in terms of geology and physical geography. Since these
breaking points, the focus shifted to human problems in
mountainous areas. In the following years, the importance given
to mountainous areas at the international level has increased, and
support is provided to encourage researchers to work in these
areas. According to the report of the European Economic Area
(EEA), which was published in 2010 and includes 10 messages for
mountainous areas in Europe, the mountainous areas are both very
fragile as well as rich. They are seriously affected by changes in
factors such as agriculture, tourism, deforestation, climate change
and natural disasters. This is interpreted as the low resilience of
mountainous areas. In order to protect and develop the sensitive
structure of mountainous areas, the necessity of strengthening the
local with international cooperation is emphasised. In this context,
mountain studies focused on local and regional development have
increased in these years. New mountainous areas studies have
emerged, resulting in keywords such as “China”, “Nepal”,
“Switzerland” and “Pakistan”. The diversification in the field of
study is also reflected in the theoretical concepts. Accordingly,
especially the concepts of “conservation”, “ecosystem”, “land use
change” draw attention (Figure 5).

It can be said that the most discussed problem in mountain
studies in the analysis is climate change and related risks because
the areas are sensitive ecosystems and vulnerable to climate
change. The climate has begun to change globally since the last
quarter of the 20th century, due to factors such as the use of fossil
fuels as an energy source after the Industrial Revolution, the
inability to reabsorb the gases released into the atmosphere, the
greenhouse effect of the world system, and intense urbanization
(Stocker et al 2013; Swinburn et al 2019). According to the
Stocker et al (2013), anthropogenic pressures have increased the
intensity of extreme weather and climate events since 1950. The
change poses a huge threat to clean water resources, biodiversity,
economic activities and social structures in mountainous areas.
At this point, instead of perceiving mountainous areas as isolated,
marginal, forgotten or excluded places, their water basins,
military and strategic locations, the positioning of observatories
and communication tools should be evaluated all together with
the sheltered opportunities they offers for an alternative future
(Sarmiento, 2011). In the light of these sensitivities, concepts
such as “climate change”, “gender”, “biodiversity” and “adaptive
capacity” have been used more frequently in the period after
2014. Another finding is that these most recent concepts are
specific to Europe, which creates a spatial context for the first
and second clusters (Figure 5).

143


https://orcid.org/0000-0003-4682-4905
https://orcid.org/0000-0003-2402-9134
https://orcid.org/0000-0002-2214-8327
https://orcid.org/0000-0001-8890-0537

GUNEY, ALTUNDAL ONCU, GOKOZKUT, SOMUNCU / Cografya Dergisi - Journal of Geography, 47: 135-147

Table 2: Statistical results of the most used concepts in the keywords of the articles published in the MRD journal

No. Keywords Frequ Frequenc.y of Cluster No. Keywords Frequency Frequenc‘y of Cluster
ency connection connection
1 climate change 45 76 1 73 grazing pressure 4 6 3
2 Switzerland 19 29 1 74 Karakorum 4 7 3
3 Alps 18 36 1 75 Pamirs 4 8 3
4 Italy 16 28 1 76 water management 4 7 3
5 European alps 13 24 1 77 Nepal 66 113 4
6 tourism 12 22 1 78 china 49 65 4
7 Austria 10 17 1 79 India 32 57 4
8 sustainability 10 21 1 80 Himalaya 21 45 4
9 policy 7 17 1 81 grazing 10 21 4
10  water 7 14 1 82 vegetation 10 18 4
11 development 6 10 1 83 Yunnan 10 28 4
12 Ladakh 6 9 1 84 land cover change 9 19 4
13 USA 6 9 1 85 medicinal plants 7 17 4
14  water governance 6 12 1 86 disturbance 6 9 4
15  amenity migration 5 10 1 87 ethnobotany 5 9 4
16  Canada 5 5 1 88 human disturbance 5 11 4
17  history 5 12 1 89 livelihood strategies 5 6 4
18 Kenya 5 7 1 920 pasture management 5 10 4
19 mountain communities 5 9 1 91 soil 5 5 4
20  New Zealand 5 7 1 92 species diversity 5 10 4
21 adaptive capacity 4 8 1 93 Uttarakhand 5 5 4
22 Europe 4 9 1 94 mountain farming 4 6 4
23 regional development 4 7 1 95 nature conservation 4 9 4
24 resettlement 4 6 1 96 plant diversity 4 7 4
25 sacred mountains 4 7 1 97 Peru 16 33 5
26  snowmaking 4 10 1 98 Spain 8 14 5
27  urbanization 4 7 1 929 landscape change 6 11 5
28  conservation 21 47 2 100 soil erosion 6 11 5
29  gender 15 37 2 101 forest management 5 8 5
30  mountains 14 19 2 102 runoff 5 7 5
31 sustainable development 13 27 2 103 land degradation 4 16 5
32 ecosystem services 13 26 2 104 mountain development 4 6 5
33 Bhutan 12 16 2 105 mountain tourism 4 7 5
34 sustainable development goals 10 32 2 106 natural resource 4 4 5
management
35  regeneration 10 20 2 107 Pyrenees 4 10 5
36 community forestry 9 20 2 108 system dynamics 4 5 5
37 agenda 2030 9 30 2 109 united states 4 3 5
38  participation 8 19 2 110 water quality 4 7 5
39  protected areas 7 11 2 111 biodiversity 13 30 6
40  global change 7 13 2 112 land use 11 29 6
41  agroforestry 7 13 2 113 vulnerability 10 17 6
42 natural hazards 6 9 2 114 deforestation 9 25 6
43  Mexico 6 7 2 115 Himalayas 9 22 6
44 protected area 5 12 2 116 agriculture 8 27 6
45  perceptions 5 11 2 117 livestock 8 19 6
46 women 4 12 2 118 land cover 7 15 6
47  transdisciplinary research 4 12 2 119  biodiversity conservation 4 4 6
48  resilience 4 10 2 120 farming systems 4 9 6
49  Norway 4 7 2 121 fuelwood 4 8 6
50 family farming 4 7 2 122 poverty 4 9 6
51 environment 4 10 2 123 Andes 28 59 7
52 Argentina 4 5 2 124 rural development 11 30 7
53  remote sensing 24 45 3 125 Ecuador 9 15 7
54 Pakistan 23 34 3 126 Bolivia 7 11 7
55  Ethiopia 14 29 3 127 Chile 7 6 7
56  Kyrgyzstan 13 24 3 128 landscape 6 17 7
57 Tajikistan 13 24 3 129 perception 5 11 7
58  migration 11 24 3 130 mountain agriculture 4 11 7
59 food security 10 23 3 131 Paramo 4 10 7
60 Tibetan plateau 10 8 3 132 GIS 23 47 8
61 Central Asia 9 16 3 133 land use change 20 51 8
62 precipitation 8 9 3 134 Carpathians 7 22 8
63 adaptation 7 20 3 135 afforestation 6 16 8
64  Tibet 7 8 3 136 Slovakia 5 14 8
65  agrobiodiversity 5 10 3 137 forest cover 4 17 8
66  clevation 5 10 3 138 Poland 4 13 8
67  pastoralism 5 10 3 139 Vietnam 4 1 8
68  species richness 5 13 3 140 livelihoods 15 36 9
69 sustainable mountain 5 8 3 141 shifting cultivation 5 5 9
development
70 capacity building 4 4 3 142 Laos 4 4 9
71 energy 4 6 3 143 poverty alleviation 4 4 9
72 Georgia 4 3 3 144 Thailand 4 2 9
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4. DISCUSSION AND FUTURE DIRECTIONS

In this paper, the evolution and bibliometric structure of
mountainous areas studies, which is an interdisciplinary field,
were examined.

Within the framework of the main objectives of the research,
three main research questions were formed and the answers to
these questions were reached within the scope of the research. In
this context, the outputs of the findings obtained from the
research can be summarized as follows:

First of all, it turns out that many researchers examine
different subjects in the mountainous area literature. As a
research area, the majority the studies focused on natural
sciences, environment and agriculture. The names “Nepal”,
“China” and “India”, which give information about the research
field in the thematic issues discussed, reveal the dominant
locations in their studies. In addition to the spatial distribution,
the concepts of “climate change”, “remote sensing”, “GIS” and
“land use change” constitute thematic distribution in mountainous
area studies. These concepts also show which themes the future
studies in natural sciences will be based on. When the temporal
development of the literature is examined, this research
determined that the study subjects of mountainous areas have
diversified and the field of natural sciences has remained in the
background, within the scope of the increasing number of studies
and interdisciplinary collaborations. In this sense, this study
found that certain fields of study have come to the fore since the
2010s, and concepts such as “climate change”, “gender”,
“biodiversity” and “adaptive capacity” have been increasingly
used. This shows that researchers from social sciences as well as
natural sciences are articulated in mountainous area studies. This
shows that research on “climate change” is diversified in terms
of subject. In addition to the physical findings of climate change,
gender, sustainability, etc. are now mentioned in the literature.
This shows that it is often associated with concepts.

An analysis of the journal also allows an evaluation of the
performance of the journal. Paper type and methods used were
determined. In this sense, the results of the research can give an
idea about the concept of the special calls that the journal will
open in the future. This evidence will be helpful in developing
the field as the scholars will be able to identify the topics
currently being researched by further analysing the issues.

As aresult, it should be underlined which concepts should be
emphasized for future research. We see that interdisciplinary

studies are gaining importance in mountainous areas. However,
it would be beneficial to focus on the concepts of climate change,
ecosystem, biodiversity and sustainability.

This paper deals with the development of mountain literature
through a journal in terms of its findings. It should be noted that
the research was conducted using only the Scopus database, thus
it has limitations. For future research, it would be useful to
correlate the findings of the research, which is conducted on
solely one journal, with the findings of a more comprehensive
study to be conducted by evaluating different sources. In other
words, besides the studies obtained merely through MRD,
journals such as Journal of Mountain Science, Sustainable
Development and Mountain can be added to the analysis to
achieve more comprehensive results about the topic. Apart from
this, the research was carried out only on keywords. No
evaluation was made regarding the words in the title and abstract.
In conclusion, considering the limitations of the study, it can be
stated that this study could be a start for future research.
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ABSTRACT

One of the most important changes in agricultural land worldwide is the problem of land abandonment in underdeveloped and developing countries and
in regions with low resilience to climate change. This problem is also an ongoing debate in Turkiye. This study first evaluates the process of abandonment
and expansion of agricultural land in Turkiye based on the literature before presenting maps of the probability of abandonment and recovery of agricultural
land. In this context, the abandonment and expansion of agricultural land due to changes in Coordination of Information on the Environment (CORINE)
data for 2006-2018 are used as the dependent variables. Probability maps were constructed using the subspace KNN model with 13 independent variables.
The immediate surroundings of cities are seen to come first as the places with a high probability of abandonment. For rural areas, this appears as the areas
close to roads and places with forced natural environmental conditions. A very low recovery situation has emerged in terms of places that can be reclaimed.
The areas that stand out among these are where hazelnut and tea plantations have expanded in the Black Sea region, as well as the areas with relatively
favorable topography in the interior of the Western and Central Taurus Mountains in the Mediterranean region.

Keywords: Abandonment of agricultural land, Expansion of agricultural land, Subspace KNN, projection, Turkiye

oz

Kuresel capta tarim arazilerinde gézlemlenen 6nemli degisikliklerden biri, az gelismis ve gelismekte olan tlkelerde ve iklim degisikligine karsi direncliligin
disik oldugu bolgelerde gorilen, tarimsal arazilerin terk edilmesi problemidir. Bu problem Tirkiye genelinde de tartismalarin devam ettigi bir sireci
yasamaktadir. Calismada ilk olarak Turkiye'de tarim arazilerinin terk edilmesi ve genislemesi surreci literatiire dayal olarak degerlendirilmekte; ikinci olarak
tarimsal arazilerde terk edilme ve geri kazanma olasiligina yonelik haritalar sunulmaktadir. Bu kapsamda CORINE verilerindeki (2006-2018) degisiklige bagh
olarak terk edilen ve genisleyen tarimsal araziler bagiml degisken olarak kullanilmistir. Subspace KNN modeli ile 13 bagimsiz degisken kullanilarak olasilik
haritalari olusturulmustur. Terk edilme olasiig ylksek yerler arasinda dncelikle kentlerin yakin cevresi goériilmektedir. Kirsal alanlarda ise yollara yakin
alanlar ile dogal ortam kosullarinin zorladigi yerler belirmektedir. Yeniden kullanilabilecek yerler agisindan ise oldukga dusik bir geri kazanma durumu
ortaya ¢ikmistir. Bu yerler arasinda, Karadeniz Bolgesinde findik ve cay arazilerinin genisledigi alanlar ile Akdeniz Bolgesinde, Bati ve Orta Toroslarin i¢
kesimlerindeki topografyanin nispeten elverisli oldugu alanlar dikkati cekmektedir.

Anahtar kelimeler: Terk Edilmis Tarimsal Araziler, Tarim arazilerinin genislemesi, Subspace KNN, Projeksiyon, Turkiye
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INTRODUCTION

Agriculture has been one of the most significant changes in
human history. Various fields have developed as a result of the
cultivation of plants and raising of animals. The agriculture
sector remains the most critical economic activity, within which
significant transformations have occurred since the Industrial
Revolution. Rural areas play a crucial role in utilizing and
preserving agricultural potential when viewed from a
sustainability perspective (Food and Agriculture Organization
2006, p. 12).

Rural areas are also being reshaped and transformed in terms
of demographics, economics, and society with the widespread
acceleration of urbanization around the world (Dahms 1995;
Montgomery et al. 2013). The most prominent effect of this
transformation on rural areas is the gradual loss of their vitality
accompanied by a decrease in population (Hart et al. 1968;
Dahms 1995; Peters et al. 2018). Recently, the abandonment of
agricultural land in rural areas has become one of the most
significant trends in land-use change and one of the main
indicators of rural decline (Benayas et al. 2007; Diaz et al. 2011;
Giiresci 2014; Canpolat and Hayli 2018; Tao et al. 2021).

Agricultural land is the most important element defining
rural areas and rurality. The abandonment of this type of
economic activity identified with rural areas actually indicates a
loss of rurality. Abandoned land as a term refers to land that had
previously been used for agricultural activities but now human
intervention and use has ceased for various reasons (Bielsa et al.
2005). The abandonment of agricultural land has led to many
negative effects such as disappearing villages, abandoned
settlements, declining rural economic benefits, and the inability
to preserve cultural landscapes and heritage. However, these
areas are also the most important resources for rural renewal and
revitalization. By using these unused agricultural areas, the
functions of rural areas can be recovered through support and
regulation. In this way, rural landscapes can be transformed and
rural economies revitalized (McManus et al. 2012; Naldi et al.
2015; Zhou et al. 2020b).

Research on agricultural land expansion is less common and
has focused mainly on studying forest loss-related degradation
(Ngoma et al. 2021), land rehabilitation (Shabanov 2009), land
use changes and their influencing factors (Wang et al. 2022), and
the relationships among climate change, water resources, and
land expansion (Liu et al. 2021).

The abandonment of agricultural land is widespread
throughout the world both in developed and developing countries
and requires more attention due to agricultural land abandonment
being closely related to food security and ecological security (Du
et al. 2019). Research on the abandonment of agricultural lands
is increasingly being conducted on a global scale (Huang et al.
2020), with studies on idle agricultural lands having examined
and evaluated the problem from many angles. In fact, bibliometric
and synthesis studies are found to have covered research on the
subject (Huang et al. 2020; Qianru and Hualin 2021), focusing
on the processes that contribute to the abandonment of
agricultural land (Prishchepov et al. 2013; Levers et al. 2018;
Zhou et al. 2020a), the impacts and consequences of the problem
(MacDonald et al. 2000; Benayas et al. 2007; Filho et al. 2017,
Deng et al. 2020), policies for solutions (Renwick et al. 2013;
Deng et al. 2020), and the mapping of abandoned agricultural
land (Yin et al. 2018; Levers et al. 2018).

Since the 19™ century, a gradual decline has been occurring
for agricultural land in Europe, which has seen one of the most
significant land-use changes, especially in mountainous and
semi-arid areas (Lasanta et al. 2017, p. 810). This decline is often
attributed to the modernization and intensification of agriculture,
which allows for increased agricultural productivity while
reducing the amount of land and labor devoted to farming (Hatna
and Bakker 2011, p. 720). Another study has attributed the
continuing loss of agricultural assets leading to land abandonment
to a lack of continuity, either due to a lack of direct descendants
in families or to inheritance-related issues (Bernués et al. 2005;
Bryden and Bruce 1995; Riedel et al. 2007). Garcia-Martinez et
al. (2008) found the number of agricultural holdings in the
Central Pyrenees of Spain to have fallen by 30% between 1990-
2004. Of these farms, 40% ceased to exist due to the owner
retiring and 56.6% due to the cessation of livestock farming. In
addition, 42% of the farms remaining in 2004 had no guarantee
of continuity because their children or grandchildren preferred to
work in the industrial or service sector rather than to continue
farming (Azima and Ismail 2011). However, the abandonment of
agricultural land is a much more complex phenomenon. Indeed,
different studies on the subject have shown the causes of the
phenomenon to arise from the interaction of numerous variables
related to social, demographic, economic, legal, administrative,
and physical environmental characteristics (Figure 1).

A study conducted by the European Union (EU) on the
abandonment of agricultural land highlighted three possible
scenarios for the continent (Andronic et al. 2020). The first is
that climate change will lead to an increase in disasters and the
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Figure 1: Factors influencing farmers’ decisions to

abandon agricultural land.

abandonment of agricultural land in mountainous and coastal
areas due to changes in sea levels. The scenario regarding the
globalization of markets predicts that small- and medium-sized
enterprises will not be able to compete, leading to the
abandonment of agricultural land in remote regions. Finally,
the scenario of a major health crisis expressed before the
outbreak of the pandemic that a migration would occur from
urban centers to rural areas that would lead to an increase in the
value of agricultural land and that land abandonment would no
longer be a problem. These three potential scenarios can be
observed to be intertwined synthetically for Tiirkiye. On the
one hand, pandemics and disasters (especially earthquakes,
apart from climate change) are shifting the population to rural
areas and agricultural land is being reclaimed; on the other
hand, agricultural land is being left to fallow in different
regions due to small-scale producers’ yield, credit, and market
conditions.

In decreasing order of importance, the negative impacts of
idle agricultural land are loss of biodiversity, increased frequency
and intensity of fires, soil erosion and desertification, loss of
cultural and/or aesthetic values, reduced landscape diversity, and
reduced water supply (Benayas et al. 2007). Abandoned
agricultural land is generally converted to sparse vegetation, tall
grasses, shrubs, or forest ecosystems, depending on climate and
soil conditions (Alcantara et al. 2012, p. 335). In Tirkiye,
however, a significant portion of such land is concentrated on the
periphery of settlements and is therefore converted into
functional land use areas for construction or settlement.

Tiirkiye has made announcements in recent years about the
sanctions and support the government will apply to abandoned
farmlands. This is because the trend in production value has
increased the concerns about food security, both in terms of
exports and for meeting needs internally. The decline in the rural
population and the consequent reduction in the number of people
working in agriculture may even bring radical regulations to the
agenda as a solution to the problem. According to the Ministry of
Agriculture and Forestry, Tiirkiye has about 3 million hectares of
unused agricultural land. However, no qualified classification
statistics are found on how much of this land is fallow, state land,
or truly unused land.

Before the Tanzimat Decree of 1839, farmers who had left
their land uncultivated (i.e., did not produce anything) were
subject to a double tax called the ¢ift bozan, and a farmer who
left their land uncultivated for three years would have it taken
away. This was the government’s way of controlling
production and ensuring continuity. The Land Law of 1858
divided the country’s land into five parts and introduced the
principle of individual ownership. The aim was to distribute
the land to peasants through small farms. A farmer could use
the land as they wished, grow any crop they wanted, rent it
out, or sell it to anyone (Sumaytaoglu 2012). As a result, the
pressure on landowners to use their property rights was
greatly reduced.

Currently, the preservation, development, classification,
determination of minimum agricultural land sizes, and prevention
of the division of agricultural lands, as well as the determination
of principles and procedures for the planned use of agricultural
lands, are regulated by the Law No. 5403 on the Protection of
Agricultural Lands and the Utilization of Land. This law has no
concrete provision regarding the abandonment or disuse of
agricultural lands, which can be evaluated as a result of the
global axiom (Pejovich 1990) that people cannot be pressured on
how they use their property. However, in terms of today’s
changing conditions, re-evaluating this axiom has become
mandatory, because in the post-capitalist society, value is created
through the productivity and innovation of knowledge workers.
Therefore, the correct, efficient, and sustainable use of property
is more important than ever (Drucker 1993). The establishment
of a legal framework to ensure the continuity of agricultural
activities through legislation should therefore be reconsidered

both as a means of encouraging and ensuring accountability.
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DATA AND METHOD

Similar to other regions of the world, rural areas in Tiirkiye
are undergoing a problematic metamorphosis demographic and
structural changes. This article focuses on the geographical
analysis of the status of vacant land and the reuse of agricultural
land for the sustainability and permanence of agricultural

function, which is a characteristic feature of rural areas.

Figure 2: Map of the study area.

Tiirkiye is a country at the crossroads of Europe and Asia
between Southeast Europe and West Asia. It is surrounded by the
Black Sea to the north, the Aegean Sea to the west, the
Mediterranean Sea to the south and the Southeast Anatolian
region to the east. Tirkiye is located in the eastern part of the
European continent, and the western part of the Asian continent
and the Middle East. Tiirkiye has a total area of 783,356 square
kilometers and average altitude of 1,141 meters. The Anatolian
Peninsula has a rugged terrain due to the Pontic, Taurus, and
other mountain ranges in the Alpine-Himalayan belt, with
depressions and plateaus forming the main plains in this rugged
topography (Figure 2).

Tiirkiye has 77.9 million hectares of land, of which 23.20
million are cultivated agricultural land (Kurugollii and Unel
2021). According to the results of the General Agricultural
Census (Topgu 2012), the amount of unused land suitable for
agriculture was identified as 4.995 million hectares in 1980,
2.161 million hectares in 1991, and 1.898 million hectares in
2001. Of the cultivated agricultural land, 31.36% is irrigable and
68.64% 1is non-irrigable (Turkish Statistical Institute 2016).
Furthermore, between 2001-2018, the total agricultural area had
decreased by 8% from 40.97 million hectares in 2001 to 37.82
million hectares in 2018. This decrease is larger than the area of

87 countries in the world. In addition, the production area for
grains and other crops (cultivated and fallow land) had decreased
by 17%, while the area for growing vegetables had decreased by
13.75%. The reasons for this include the land having fragmented,
scattered, small, shared, and/or sloping structures (Kurugollii
and Unel 2021).

Abandoned agricultural land has been classified into three
categories: idle land (never used), semi-idle land (used very
infrequently), and compulsory idle land (not used due to land
reform or restructuring;(Keenleyside and Tucker 2010). No
accurate monitoring methods are currently found for active,
fallow, and abandoned agricultural land (Estel et al. 2015,
p. 313). Therefore, data generated on the basis of land use change
can be used as a data source to identify abandoned and newly
utilized land. This study uses Coordination of Information on the
Environment (CORINE) data (European Union 2018) to identify
land use changes across the country. Although these data were
first produced in 1990, the data for Tiirkiye cannot be said to
have been produced accurately until 2006. Therefore, the
dependent variables (abandoned land and expanding land) for
land change scenarios were created based on the changes
between 2006-2018. However, this short period has also
shortened the projection time and eliminated the possibility of
detecting changes over longer periods.

The study groups the CORINE land use/cover categories into
three categories: arable land, non-arable land, and other land use
types. The non-arable land category represents landcover types
that emerge after abandonment (e.g., natural grassland, scrub,
and wetlands). Conversions from arable to non-arable land
between 2006-2018 were used to represent abandonment cases,
while conversions from non-arable to arable land between 2006-
2018 (i.e., arable land expansion cases) were used to represent
gains. A total of 305,334 pixels were used for abandoned
agricultural land and 310,491 pixels for gained agricultural land,
of which 50% were randomly sampled. The results of both
models were applied to 12,531,446 pixels nationally, and an
attempt was made to model the land that would be abandoned
and expanded by 2030. The study aims to use the obtained results
as follows:

e To determine the process of agricultural land change based
on CORINE data between 2006-2018,

e To identify the factors influencing the abandonment and
recultivation of agricultural land,

*  To evaluate the potential agricultural land use change based
on the land change scenario.
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The abandonment of agricultural land in Europe has occurred
mainly in warm regions with high population density and
accessibility (close to roads and/or cities). In eastern and southern
Europe, farmland abandonment has been more common in areas
with shallow soils, low water retention capacity, and/or relatively
rocky and hilly terrain, while in western Europe it has occurred
mainly on sloping or shallow soils. In Southern Europe,
agricultural land abandonment has been more common in arid
regions. In terms of expansion, it occurred in Western Europe in
accessible areas near cities with high water retention capacity,
while it occurred in Eastern Europe in rainy areas and near cities.
In Southern Europe, it occurred mostly in dry areas close to
roads but away from cities (Hatna and Bakker 2011, p. 725). In
Tiirkiye, similar factors have affected the abandonment of
agricultural land, so models have been developed using other
parameters that may be suitable and effective for this observation.

Spatial Variables

Thirteen independent spatial variables were used in the
models, which were created at a resolution of 250 meters, with
resampling ensured by overlapping pixels (Figure 3). Real data,
normalized data (min/max), and standardized data (deviation
from mean) were used separately to build the models. Although
no significant difference was found among them, the study has
preferred the standardized data because these are commonly
used when dealing with data in different units. Therefore, the
models were built using standardized data. The subspace KNN
algorithm, a type of ensemble learning model, was used to
predict abandoned (lost) and reclaimed lands. The variables used
in the models were selected and prepared under the following
headings.

Elevation

Due to the significant global problem of abandonment of
agricultural land being based on natural environmental
conditions, studies have occurred on the management and
development of unused agricultural land resources (Azima and
Ismail 2011). Resultantly, variables indicative of natural
environmental conditions are primarily used in relation to the
probability of abandonment. The first of these variables is
elevation, and data on this were obtained from the Shuttle Radar
Topography Mission (SRTM) digital elevation model. Elevation
is one of the most important variables due to its effects on soil
depth, soil integrity, erosion, access, and climate in agricultural
areas. The current physiography of Tiirkiye has a structure where
elevation changes significantly over short distances. Therefore,

both ruggedness and elevation changes are important variables
that directly affect agricultural land.

Slope

This is an important factor that directly affects the productivity
and integrity of the land, as well as its accessibility and cultivability.
The compactness of the land, which determines the size of the
plots and hence the yield, depends on the slope and terrain
(Rehman et al. 2015). Similarly, slope is one of the factors with a
high contribution to the model as it affects drainage, soil depth,
and suitability for the use of agricultural machinery and transport.

Topographic Roughness Index (TPI)

The abandonment of agricultural land has been a widespread
trend in rural mountain areas around the world since the 1940s.
Technological development and the commercialization of
agriculture as a result of industrialization and urbanization in
accessible lowland areas have motivated many mountain farmers
to migrate temporarily or permanently (Khanal and Watanabe
20006). Difficulties in working areas with agricultural machinery
are one of the main agroecological factors for abandonment, as
manual techniques make products uncompetitive in a free market
economy. Therefore, steep slopes, small plots, and areas with
poor accessibility are no longer cultivated. Many terraced slope
areas in the Mediterranean mountains have been abandoned due
to poor conditions for mechanization rather than due to soil
fertility (Lasanta et al. 2017, p. 818). TPI actually complements
the slope parameter (Gallant and Wilson 2000) and is calculated
by comparing the height of each pixel with its neighbors.
Elevation, slope, aspect, and curvature are combined to determine
how the topography as a whole has changed, as well as the effect
this change has on land abandonment using a numerical elevation
model and the SAGAGIS software.

Topographic Wetness Index (TWI)

TWI describes the tendency of a cell to accumulate water
using digital elevation models. The basic variables used in the
index are catchment area and slope (Mattivi et al. 2019). One of
the most important variables in the use or abandonment of
agricultural land is water demand. TWI is actually the primary
variable used to determine this requirement, which indicates the
size of surface runoff and water collection basins. This index can
also be used to determine the current water potential of
agricultural areas and their proximity to potential water sources.
The index was developed using the SAGAGIS software.
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Figure 3: Methodology of this study.

Soil Water Content (SWC)

This datum type shows the volumetric SWC as a percentage
at six standard depths (0, 10, 30, 60, 100, and 200 cm) estimated
at a resolution of 250 m based on a global compilation of soil
profiles from 1957-2017 (Gupta and Hengl 2019). The open-
access six-banded data were reduced to a single band by
averaging and used as a variable for SWC across Tiirkiye. It has
been included as an important factor in models to detect
abandoned agricultural land due to climate change and drought.

Normalized Difference Vegetation Index (NDVI)

NDVI data are an important parameter used as a variable or
indicator in land use change studies. The main reason is that data

produced by remote sensing provide spatially continuous/
numerical data and time series information, from which changes,
trends, variations, and relationships can be derived (Yengoh et
al. 2015). As a variable with the potential to provide data on
drought, planted area in different agricultural use types, and
moisture, NDVI has been included in the models by resampling
the average of Sentinel 2 satellite imagery taken at 10 m
resolution between 2016-2022 and then down-sampled to 250 m
resolution.

Average Rainfall

One of the most important parameters for the productivity
and continuity of agricultural land is the amount of precipitation
that falls on a field. In a country with a highly heterogeneous
distribution of rainfall values, in order to understand the
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possibility of abandonment of agricultural land, nationwide data
and interpolation are needed to include this factor in the model.
For this purpose, the WorlClim 2 database, an open-access
climate database, was used (Fick and Hijmans 2017). The 900 m
resolution raster dataset was converted to point data, and the sum
of monthly mean precipitation values was calculated to produce
the distribution of precipitation values across the country at 250
m resolution using the inverse distance weighted (IDW)
interpolation method.

Distance to Dams

Asdams are an important factor in the irrigation of agricultural
land, the distance to dam lakes was added to the models to show
their impact on the abandonment or acquisition of agricultural
land. For this purpose, dams were selected in the hydrography
layer of the OpenStreetMap data, and a distance variable to dams
was created using Euclidean distance analysis (OpenStreetMap
2022b).

Distance to the Coastline

Distance to the coast was used as the last parameter for the
water demand of agricultural land. This parameter was added to
the model to test and verify the impact of the abundance of
rainfall values in coastal regions, as well as the degradation and
transformation processes of the land on its abandonment or
reuse. Coastline distances were obtained from the Turkey
administrative boundaries (General Directorate of Mapping
2022) country boundary data, and the distance was calculated
using the Euclidean distance tool.

Soil Depth

One of the factors that directly affects the productivity and
sustainability of agricultural activities is soil depth, which is
obtained by digitizing the provincial land asset maps (Ministry
of Agriculture and Forestry 1987). The deepest soils are classified
in the data with a 1 and the shallowest with a 9, creating a
hierarchical classification from 1 to 9. As deeper soils tend to be
more productive, these are less likely to be abandoned. The data
have been entered into the models as continuous variables,
despite not containing intermediate values.

Distance to Settlement Area

One of the factors that have been shown to have the greatest
impact on the abandonment of agricultural land is the growth of

settlement areas (Andronic et al. 2020). Due to the rapid
urbanization in Tiirkiye, agricultural land in the vicinity of cities
has been transformed by remaining within the building zones,
with the surrounding land being converted and developed.
Therefore, as with other distance-related variables, the settlement
areas obtained from the CORINE land use data have been
transformed into a continuous numerical variable using the
Euclidean Distance tool and then included in the models.

Distance to the Road

One of the most important changes in rural areas throughout
Tirkiye is the increased dispersion of rural dwellings. This
dispersal is related to the construction of new houses on
agricultural land close to roads rather than in village centers. As
a result, some of these agricultural lands have lost their function,
while others are beginning to be reused. Therefore, the probability
of abandonment of agricultural land close to a road is low, and if
it becomes unused, the probability of reuse is high. To create the
variable, the road network obtained from OpenStrectMap data
was converted into a numerical variable using the Euclidean
Distance tool (OpenStreetMap 2022a).

Restricted Areas

Intuitive models apply a weighted overlay analysis in the
final stage of creating the result maps. In this stage, constraints
can be imposed by selecting classes that will not be included in
the map creation process for each variable. However, this cannot
be applied to statistical methods because the model equation
evaluates all the data to arrive at a result. To overcome this
limitation, the variable of restricted areas was added to the
model. A variable consisting of two categories was obtained by
classifying settlement areas, bare rocks, lakes, and swamps as
areas that have no possibility of being converted into agricultural
land as 0, with agricultural areas and areas of natural vegetation
being coded as 1 in the land use data for 2006 in CORINE. The
aim here is to increase the probability of excluding these areas in
the event of abandonment or recovery.

In order to determine the probability of abandonment and
reuse of agricultural land throughout Tirkiye, dependent and
independent variables were created before entering the stage of
selecting the correct algorithm. This phase next phase trains and
tests different models on the data within the Classification
Learner in MATLAB and also performs accuracy analyses. To
achieve accurate results from a highly heterogeneous dataset,
ensemble learning models were prioritized that are commonly
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used for this purpose. Among these, the KNN subspace, random
forest, support vector machine, and artificial neural network
algorithms produced better results in terms of time and accuracy
compared to the other models. Therefore, a projection of
agricultural land to be abandoned was made by predicting the
abandonment and acquisition of agricultural land for the year
2030 and then synthesizing the results.

Subspace k-Nearest Neighbors Algorithm

Assuming non-parametric data, the k-nearest neighbors
(KNN) model is a simple and basic classification/regression
algorithm that searches for vectors similar to the query vector
based on the score provided by the similarity function equation.
However, the traditional KNN algorithm does not sufficiently take
into account the spatial distribution of the training examples,
resulting in low accuracy when processing high-dimensional data
sets. In addition, the creation of K-nearest neighbours requires the
involvement of distance calculations for all known examples,
which leads to a high time overhead. To solve these problems, a
subspace-based KNN algorithm model has been developed, as
subspace KNN is a widely used community machine learning
model that is simple in concept, mature in theory, and easy to
implement (Ma et al. 2021, p. 225). This algorithm is similar to the
KNN algorithm, but subspace KNN performs feature selection to
reduce the number of dimensions in the data set. This means the
algorithm selects the most effective features by measuring the
impact each feature has on classification in the dataset. This
increases classification accuracy and reduces the risk of overfitting.

Typically, multi-classifier or community-based techniques
are preferred over their single-classifier counterparts because
they reduce the likelihood of weak selection. Ensemble learning
combines different models to improve prediction performance
and has different approaches such as selecting a random subset
of features (selected subspace) before running the learning
algorithm, making the learning algorithm random, and then
combining the outputs of the models using majority voting.
Subspace KNN is based on a simple majority voting rule (Ashour
et al. 2018). Simple majority voting rule equation is as follows:

d(x,y) = XL, (x — )2 (1)

The KNN algorithm has three stages. The first stage finds &
points with similar features. The similarity (proximity) is
determined using a distance metric (Euclidean, Manhattan, or
Minkowski) that measures how far apart two data sets (xy, x, ...,

x;) and (v, v, ..., »;) are. Then, for classification, the majority
class of similar data is found, and the k-point is assigned to that
class. Finally, the average distance between the k-points is
calculated to predict the class for the new data (Bruce et al. 2020,
p- 238). The equation that explains this process is as follows:

Class(a) = argmax (¥, h(y,(a),c;))
ci€dom(y) 2)

To apply subspace KNN, c-class random 7 subsets are
selected after KNN classification, and ct classifiers are created.
Then, a random subspace ensemble model is built. Finally, the ct
classifiers are combined and class assignments are made using
majority voting (Ashour et al. 2018).

RESULTS AND DISCUSSION

A correlation analysis was carried out to check for the
presence of positive or negative relationships among the
variables in the model. The correlation matrix was observed to
have a moderate negative correlation (-0.48) between slope and
the topographic moisture index. The lowest correlation values
were found between distance to dams and soil depth with regard
to the other variables. Slope and altitude were the parameters
having the highest correlations with other variables. These were
followed by distance to settlements and precipitation. The
variables having the highest correlations with distance to
settlements were slope, distance to roads, and elevation. The VIF
(variance inflation factor), which measures collinearity between
variables, was used, and its value is generally expected to be less
than 10, which indicates no variables with multicollinearity
problems to be present in the model (Table 1).

The kappa value is a non-linear statistical measure used to evaluate
the accuracy of a classification model. It is expressed not as a
percentage but as a value that varies between 0 and 1. While the
general accuracy value represents the percentage of correctly classified
examples in the classification, the kappa value takes into account both
correct and incorrect predictions, thus indicating the probability that
the classifier will randomly make incorrect predictions while
attempting to make correct predictions. In this way, it is a more
objective evaluation metric. The overall accuracy of the model is
approximately 86% for both the training and test data. The kappa
value was measured to be around 0.7 for both datasets, indicating
good discrimination. Finally, when looking at Figure 4, which shows
the accuracy of the decisions made at different thresholds through the
area under the curve (AUC), the obtained value of 0.94 for the test
data set indicates the model to have good performance (Table 2).
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Table 1: Correlation Matrix of the Variables Used in the Models.

Correlation x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 VIF
x1 1.00 0.00 0.03 0.15 -0.04 0.15 -0.02 -0.03 0.02 0.01 -0.01 0.11 0.18 1.06
x2 0.00 1.00 -0.14 -0.11 0.14 -0.02 0.07 0.10 0.01 -0.01 -0.03 -0.08 -0.08 1.07
x3 0.03 -0.14 1.00 0.10 -0.32 -0.12 0.29 0.22 0.02 -0.48 0.29 0.39 0.26 1.82
x4 0.15 -0.11 0.10 1.00 -0.26 0.17 -0.16 -0.18 0.09 -0.06 -0.05 0.27 0.33 1.25
x5 -0.04 0.14 -0.32 -0.26 1.00 -0.03 -0.08 0.03 -0.13 0.22 -0.11 -0.27 -0.24 1.24
X6 0.15 -0.02 -0.12 0.17 -0.03 1.00 -0.44 -0.32 0.03 0.00 -0.33 0.05 0.44 1.56
x7 -0.02 0.07 0.29 -0.16 -0.08 -0.44 1.00 0.35 -0.01 -0.17 0.37 0.10 -0.20 1.48
x8 -0.03 0.10 0.22 -0.18 0.03 -0.32 0.35 1.00 -0.04 -0.09 0.36 0.05 -0.19 1.31
x9 0.02 0.01 0.02 0.09 -0.13 0.03 -0.01 -0.04 1.00 -0.35 -0.01 -0.01 0.11 1.19
x10 0.01 -0.01 -0.48 -0.06 0.22 0.00 -0.17 -0.09 -0.35 1.00 -0.09 -0.22 -0.29 1.60
x11 -0.01 -0.03 0.29 -0.05 -0.11 -0.33 0.37 0.36 -0.01 -0.09 1.00 0.17 -0.23 1.42
x12 0.11 -0.08 0.39 0.27 -0.27 0.05 0.10 0.05 -0.01 -0.22 0.17 1.00 0.37 1.40
x13 0.18 -0.08 0.26 0.33 -0.24 0.44 -0.20 -0.19 0.11 -0.29 -0.23 0.37 1.00 1.83

x1 = Distance to Dam x2 = Depth x3 = Slope x4 = Distance to Roads x5 = Restricted Area x6 = Distance to Coastal x7 = NDVI (Normalized Difference Vegetation Index) x8 = SWC (Soil Water
Content) x9 = TPI (Topographic Position Index) x10 = TWI (Topographic Wetness Index) x11 = Precipitation x12 = Distance to Settlements x13 = Elevation
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Figure 4: ROC curve and AUC values of models for the probability of abandonment and

reclamation of agricultural land in Tirkiye.

Table 2: Accuracy Analysis Results of the Subspace KNN Model for the

Probability of Abandoned Agricultural Land in Tiirkiye

Type e

of Class Type 0 C.Iasslflca Overall Kappa
tion Error Accuracy Value

data

Trai- 0 (Excluding

ning Abandoned 116505 23634 16.9

data Agricultural Land) 86% 0.72

1 (Abandoned

Agricultural Land) 14607 119578 10.9

Test
data

0 (Excluding
Abandoned 12982 2589 16.6

Agricultural Land) 87% 0.73
1 (Abandoned

Agricultural Land) 1467 13442 o8

According to the projection made for the probability of

abandonment of agricultural land, approximately 800,000

hectares have a high probability of abandonment throughout the

Table 3: Distribution of Probability of Abandonment of Agricultural
Land by Class in Tiirkiye

Model Interval Abandonment probability Area (ha) Percentage %

Values classes
0.001-0.23 Very low abandonment 459.410 74
probability
0.23-0.4 Low abandonment probability 1.301.330 20.8
0.40-0.57 Likely abandonment probability 2.401.829 384
0.57-0.73 High abandonment probability 1.287.234 20.6
Very high abandonment 800.198 12.8
0.73-1 s
probability
Total 6.250.001 100

country. When including the areas with a high and probable
probability of abandonment, this figure rises to around 4 million
hectares. In this case, agricultural land, which was 38 million
hectares in 2018, will most likely reach between 36 and 34
million hectares by 2030 (Table 3).
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The projection map obtained from the subspace KNN model
shows proximity to roads and to settlements to be an important
determinant for agricultural land with a high probability of
abandonment. Therefore, when analyzing the probability of
abandonment, the areas where human activities and changes are
most concentrated are those close to roads and settlements.

In Tirkiye, the main areas with a high probability of
abandonment are agricultural land within settlements and the
agricultural land surrounding settlements and vary based on the
size of the city. Bringing the 2006-2018 data into the present
allows one to directly confirm the change. In fact, if one looks at
the map projecting the process until 2030, the agricultural areas
in and around the cities can be seen to be made up of areas that
have been developed or subdivided into urban plots ready for
development. This is a change that can be directly observed in all
cities. In addition to the growth of cities inward and toward their
immediate surroundings, leapfrogging also extends the impact
area of the probability of abandonment. Because the first stage of
construction leading to land abandonment is the provision of
roads and infrastructure, proximity to roads becomes a more
decisive factor in the model in terms of its effect on land
abandonment (Figure 5).

The number and distribution of areas with a high risk of
abandonment vary according to the size and primary functions of
the nearby city. For example, even in small cities on the
Mediterranean coast, the areas with a high risk of abandonment
in their immediate vicinity are quite numerous due to the

influence of tourism. In Cukurova, the arecas where settlements
are expanding are effective, as well as settlements with other
functional areas. The situation in the Ergene basin is more
complex. Despite the presence of fertile plains, industrialization
and the pollution of soil and water as a result of industrialization,
rapid urbanization, and flooding have increased the probability
of the abandonment of agricultural land.

Proximity to roads continues to be the most important
parameter for rural land abandonment. The urbanization process
that began in Tiirkiye in the 1950s continued with increasing
momentum and eventually developed into a structure where the
rural population had decreased significantly. Today, due to the
deterioration of old dwellings or new housing construction based
mainly on the demand for second homes, rural dwellings are
mainly located on agricultural land close to roads. As a result,
while the probability of using some of these areas has increased,
the probability of abandoning others due to functional changes
has also increased. This situation can be observed in the
agricultural land in the southern part of Usak province and in the
land near rural settlements that extend in a crescent along the
Kizilirmak River in Central Anatolia and is visible throughout
the country.

The second most important factor influencing the model is
the normalized difference vegetation index. This factor is
identified as both a causal and summative parameter. In the
Black Sea region, which has the highest forest coverage in the
country, the concentration of high-risk abandonment areas inland

Subspace_KNN_ Abandon_Fin
Natural Breaks abandonment probability
[ 000 - 023 Very low 0.57-0.73 High

abandonment probability  abandonment probability
- 023-04 Low 073-1 Very High
abandonment probability abandonment probability

0.40-0.56 Likely

Figure 5: Tirkiye-wide map of probability of agricultural land abandonment results.
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is due to both forest cover and topographic structure. The
topographic roughness index is ranked third after the NDVI in
terms of effectiveness. Both forest cover and land topography
increase the number of restricted areas for human activities and
accelerate the conversion of forests and agricultural land into
settlements and other functional areas. The high-risk
abandonment areas observed along the Black Sea Mountains
show how widespread the conversion and degradation of not
only agricultural land but also forest land is. As a result, all
agricultural lands in the immediate vicinity of rural or urban
settlements in the region are found to have a high probability of
abandonment. The same situation is observed in the vicinity of
forest areas in the Mediterranean and Aegean regions.

Another important factor in land abandonment is the degree
of fragmentation and resultant negative conditions such as
erosion. This can be observed in many areas of the country,
particularly in regions where narrow valleys are common due to
dendritic drainage, such as hillsides. For example, a significant
proportion of the land surrounding the Atatiirk Dam reservoir
consists of this type of area.

According to the model, mountainous areas are the second
most likely to be abandoned. Despite their rural character, the
mountainous areas of the Taurus Mountains, the Black Sea
Mountains, and Western Anatolia stand out as areas at high risk
of abandonment. This is related to natural factors such as slope,
fragmentation, and soil depth, as well as factors such as low
efficiency due to distance from cities and small-scale enterprises.
Although rural-urban migration in Tiirkiye has decreased in
recent years, it is still ongoing. This suggests that rural areas are
running out of young people or people with the skills to farm.
Therefore, the problem of fallow land in potential agricultural
areas has become increasingly important. Meanwhile, Tables 4
and 5 show the distribution of agricultural land with a high
probability of reclamation.

Table 4: Accuracy Analysis Results of Subspace KNN Model for Land
Reclamation Probability of Tiirkiye’s Total Area

Type Classi- Overall
of Class Type 0 1 fication Accura-
data Error cy

Trai. O (Excludingagricul- o0 00 o o0c 215
tural land reclaimed)

ning 83% 0.67

data | (Agriculturalland o0 o007 116
reclaimed)

0 (Excluding agricul-
Test tural land reclaimed)
data 1 (Agricultural land

reclamation)

12193 3175 20.7
84% 0.69
1682 13948 10.8

The overall accuracy of the land reclamation probability
model was around 83% for both the training and test datasets.
The kappa value was around 0.67 for both datasets, indicating
good discriminative power (Table 4). Finally, the AUC value of
0.91 obtained by applying the model to the test data indicates the
model to have quite good performance (Figure 4).

Table 5: Distribution of Probability of Recovery by Agricultural Land
Class Excluding Land Unsuitable for Agriculture Across Tiirkiye

Model Interval  Probability of Reclamation

Area (ha) Percentage %

Values Classes

0.001-0.23 Very Low Probability of 961.556 154
Reclamation

0.23-0.4 Low Probability of Reclamation 2.090.450 334

040-0.57 Likely Probability of 2162509 346
Reclamation

0.57-0.73 High Probability of Reclamation 742.678 11.9

07341 Very ngh Probability of 292.807 47
Reclamation

Total 6.250.001 100

The following results were obtained by projecting the
probability of agricultural land reclamation and reuse using the
same algorithm across the country and by excluding restricted
areas (settlements, mountain areas, wetlands, and forests).
According to the model, an estimation coefficient of 0.5 is
assumed to indicated that no very likely or highly likely areas are
found that can be reused or opened for use; however, when
evaluating the results on the basis of natural breaks (i.e., if the
classes are evaluated according to the structure of the data),
approximately 100,000 hectares of agricultural land are seen to
be present in these two classes throughout Tiirkiye. One can
therefore assume that all the land that could be made available
for agriculture throughout the country is already in use, with
very few areas found that can be brought back into use from
abandoned land (Table 5).

Different from the probability of abandonment, the
parameters that are effective in the distribution of land with a
high probability of recovery are mainly related to physical
environmental conditions such as slope, distance to the highway,
soil depth, precipitation, elevation, distance to dams, and the
topographic roughness index. Therefore, potentially usable areas
appear as criteria for agricultural suitability. In this case, currently
unused agricultural land with relatively favorable topography
and therefore better soil depth, high precipitation values, and
proximity to dams and highways can be said to have a higher
probability of being recultivated.

When looking at the distribution of agricultural areas with a
high probability of recovery at the regional level, the areas
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Figure 6: Reclamation probability result map for agricultural land in Tiirkiye.

around rural settlements in the Canik Mountains appear to be
suitable for hazelnut cultivation. In addition, the possible tea
growing areas in the Rize section of the Eastern Black Sea
Mountains where the coastal effect can reach about 20 km inland
and the mixed agricultural areas that are relatively suitable for
cultivation on the plateau and slopes where the karst topography
is relatively suitable in the Akcali Mountains in the eastern part
of the Western Taurus Mountains and immediately east of the
Bolkar Mountains have a relatively higher probability of
recovery (Figure 6).

In Tirkiye as a whole, the same phenomenon is observed in
areas near the upper limit of agriculture in different geographical
units, as well as in areas near dams and water sources, which can
be considered marginal agricultural areas.

In rural areas, a significant proportion of the areas estimated
to have a high probability of recovery are located in mountainous
areas where slopes and barriers have been relatively reduced.
These areas also appear to require significant improvements in
order to be converted into agricultural land.

According to the model, the areas identified as having a high,
low, and very low likelihood of recovery in rural areas are mainly
important agricultural areas where agricultural activity is
currently taking place. However, when compared with the
abandonment likelihood map, a significant degree of consistency
is seen across all classes. Namely, areas with a low abandonment
likelihood have also been identified as areas with a very low

restoration likelihood on the restoration likelihood map. In fact,
when comparing the abandonment and restoration likelihood
maps, the RMSE value is found to be 0.3. In other words, as the
data set ranges from 0 to 1, this RMSE indicates a 30% margin of
error between the two maps.

In conclusion, assessing the probability of abandonment
rather than the possibility of recovery for agricultural land
throughout Tiirkiye and carrying out preventive and regulatory
work accordingly would be more rational. As one of the earliest
settlement areas in history, the study area has given people the
time and opportunity to transform many of the places accessible
to them. Some of these areas are not even very suitable for
agricultural use. Some of the abandonment can be said to have
occurred naturally and to be considered reasonable. However,
the main problem has been the phenomena of transformation and
loss due to construction in priority agricultural areas. Therefore,
qualified and sustainable urbanization, as well as rational
construction and transformation in rural areas, are vital issues
that need to be prioritized in terms of spatial issues.

RESULTS

Recent years have shown a growing interest in scientific
studies on farmland abandonment in different regions of the
world. Although the scope, methodology, and content of these
studies vary, they do also focus on some common issues,
including economic improvement on different spatial scales
related to agriculture, food security, and sustainable development,
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as well as land degradation related to urbanization and
development. Of course, the transformation of agricultural land
lies at the heart of these issues.

One of the most important issues regarding land change is the
transformation of agricultural land. Supporting this change with
predictive analysis alongside theoretical and field studies by
looking at the spatial representation of the problem, is a
prerequisite for accurately identifying the problem. Despite not
covering all parameters, this way can take into account qualified
information on the distribution of abandoned land when
preparing environmental and regional development plans.

In the absence of qualitative data on the abandonment of
agricultural land, this study has used CORINE land use data for
2006-2018 to identify the likely areas of agricultural
abandonment. A total of 13 independent numerical variables
have been used to identify the reasons these arcas were
abandoned. Subspace KNN provided a higher accuracy rate
compared to the other models. In addition to land abandonment,
land that could potentially be reclaimed or developed for new
uses was projected using the CORINE dataset as the dependent
variable. The study also produced abandonment and reclamation
projection maps for the year 2030 using the same independent
variables and model.

Tiirkiye has a geographical structure with rugged terrain that
shows significant changes over short distances in the temperate
zone. Therefore, predicting farmland abandonment with high
accuracy in a heterogeneous space is both difficult and limited.
Even with the highly successful subspace KNN algorithm, an
accuracy of only about 85% could be achieved. By 2023, a
significant part of the projected changes was also observed to
have already had occurred.

The parameters that primarily influence the high probability
of abandonment of agricultural land throughout the country are
proximity to roads and settlements. Therefore, rural areas close
to cities where human intervention is concentrated have been
identified as priority areas at risk. However, rural areas where
natural environmental conditions have reached a critical
threshold in terms of suitability for agriculture (e.g., terrain,
rainfall, soil depth) have also been identified as having a high
probability of abandonment.

The Middle Black Sea region where hazelnut farming
dominates, the Eastern Black Sea region where tea farming
dominates, and various parts of the Central Taurus Mountains

where mixed farming is practiced all have a high probability of
recovering agricultural land. Furthermore, marginal agricultural
areas that surround primary agricultural areas, areas near dams
and water sources, and areas that can be improved by human
intervention are also among the probable agricultural conversion

arcas.

Globally, sustainability, food supply, and green economy have
become increasingly important, leading to more planning and
projects aimed at achieving these. Additionally, as food trade
becomes more of a negotiation between states, leaving agricultural
land unused should be seen as a national security issue and
evaluated accordingly. Non-marginal agricultural land should not
only be encouraged for use, but so should a legal framework be
established to hold landowners accountable for unused land.
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ABSTRACT

This study focuses on the Thrace Peninsula located in the Marmara Region, comprising the territories of the provinces of Edirne, Kirklareli, Tekirdag, istanbul,
and Canakkale. The Thrace Peninsula is within the Mediterranean macroclimate region, where the regions receiving rainfall of over 600 mm cover the largest
area. The highest and lowest annual average precipitation are observed in the municipalities of Sariyer (819.3 mm) and Corlu (576.6 mm), respectively. This
study utilized the long-term precipitation data of 13 meteorological stations located in and around the Thrace Peninsula between 1937 and 2021. Trend
analyses of monthly, seasonal (winter, spring, summer, fall), semiannual (October-March, April-September), and annual total precipitation averages of the
water year were performed using the Mann-Kendall test, Kendall’s tau test, and Sen’s slope test at a confidence interval of 95% and statistical significance
level of a = 0.05. The results of the monthly precipitation analysis show a significant negative trend in August, November, and February in Luleburgaz,
Tekirdag, and Ipsala, and a significant positive trend in June and October, September, and June in Sariyer, Malkara, and Canakkale. In terms of seasonal
average precipitation on the Thrace Peninsula, a statistically significant and positive trend was observed in Saryer in the summer and in Kumkdy and Sariyer
in the fall. In terms of semiannual and annual precipitation averages, a statistically significant and positive trend was observed in Kumkoy, Corlu, and Sariyer
between April and September and in Kumkoy and Sariyer annually. In terms of monthly maximum precipitation, a positive and significant trend was
observed in orly, Saryer, and Malkara. This study is expected to help in the formulation of plans and implementation of measures to address potential water-
related issues in the Thrace Peninsula, given the increasing demand for water and its resources.

Keywords: Thrace Peninsula, Precipitation, Trend analysis

oz

Bu calismanda arastirma alanini Marmara Bélgesi'nde Edirne, Kirklareli, Tekirdag, istanbul ve Canakkale illerinin topraklarinin yer aldigi Trakya Yarimadasi
olusturmaktadir. Akdeniz makroklima alani icinde kalan Trakya Yarimadasi'nda 600 mm Uizerinde yagis alan yerler en genis sahayi kaplamaktadir. En ytiksek
yillik ortalama yagis Sariyer'de (819,3 mm) ve en dustik yillik ortalama yagis Corlu'da (576,6 mm) goriilmektedir. Arastirmada Trakya Yarimadasi ve cevresinde
bulunan 13 meteoroloji istasyonunun 1937-2021 yillari arasinda degisen yagdis verilerinden yararlaniimistir. Aylik, mevsimlik (kis, ilkbahar, yaz, sonbahar), su
yihnin altr aylik (ekim-mart, nisan-eylil) ve yillik toplam yagis ortalamalarinin, %95 gliven araliginda ve istatistiki olarak a=0,05 6nem seviyesinde Mann-
Kendall Testi, Kendall'in Tau Testi ve Sen’'in Egim Testi kullanilarak trend analizleri yapilmistir. Aylik yadis analizlerine gore Lileburgaz'da agustos, Tekirdag'da
kasim ve ipsala'da subat ayinda negatif yénlii anlamli bir trend, Sariyer'de haziran ve ekim aylarinda, Malkara'da eyliil ve Canakkale'de haziran ayinda pozitif
yonli anlamli bir trend oldugu sonucuna ulasilmistir. Ote yandan yine Trakya Yarimadasi'ndaki ortalama yagislarda yaz mevsiminde Sariyer, sonbahar
mevsiminde Kumkdy ve Sariyer, nisan-eylil arasindaki dénemde Kumkdy, Corlu, Sariyer ve yillik yagislarda Kumkdy ve Sariyer'de istatistiksel olarak anlamli
ve pozitif yonld bir trend bulunmustur. Aylik maksimum yagislarda Kumkaoy, Corlu, Sariyer ve Malkara'da pozitif yonli ve anlamli bir trend oldugu sonucuna
ulasilmistir. Bu calismanin Trakya Yarimadasi'nda suya ve su kaynaklarina olan ihtiyacin her gecen giin arttigi distincesinden hareketle yasanmasi olasi
sorunlarla ilgili olarak alinacak dnlemlere ve yapilacak planlamalara katki saglayacagdi diistinilmektedir.
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1. INTRODUCTION

Global warming and climate change are among the most
challenging problems of today’s world. Increases in temperature,
changes in precipitation patterns, melting of glaciers, rise of sea
levels, and changes in river flows are among the main indicators
of climate change (Hanedar et al., 2019). Fluctuations in
precipitation values due to climate change cause increases or
decreases at regional or local scales or trends in these aspects. In
the analysis of precipitation trends in any study area, statistical
methods are used to determine the aspects of changes that occur
due to decreases or increases in the time series data (Gonenggil
and Icel, 2010; Avcr and Esen, 2019; Eroglu, 2021; Kocaoglu
and Cagliyan, 2022, Karakus and Giiler, 2022).

Recent analyses of temperature and precipitation trends in
Turkey show that temperatures and precipitation are increasing
and decreasing, respectively (Partal, 2003; Tiirkes, 2012; Karakus
and Giiler, 2022). However, seasonal and annual precipitation
trends are not as strong as the trends observed in air temperatures
(Tirkes, 2012; Tiirkes, 2016). Significant trends in the direction of
increase in temperature averages currently measured in the
Thracian Peninsula are in line with this trend (Eroglu, 2022).

Climate model studies have revealed that global warming will
lead to climate change in and around Turkey (Onol and Semazzi,
2009), and temperatures and precipitation will increase and decrease
(Demir, Kili¢ and Coskun, 2008; Tiirkes, 2011). According to the
MPI-ESM-MR model RCP4.5 scenario results in the TR21 Region
covering the provinces of Tekirdag, Edirne, and Kirklareli, it was
emphasized that the changes in total precipitation amounts between
2015 and 2100 depending on location and time are expected to
decrease in general (Hanedar et al., 2019). There is a relationship
between the positive and negative periods of the North Atlantic
Oscillation (NAO) and precipitation changes in Turkey (Erlat, 2002;
Tiirkes and Erlat, 2005; Karakog and Tagil, 2014; Erlat, 2016; Sezen
and Partal, 2019); thus, this factor should also be considered in
evaluating the interannual climate patterns and water potential
(Karabork, Kahya and Karaca, 2000).

The Thrace Peninsula is one of the most socioeconomically
significant areas in Turkey (Figure 1). The changes in the amount
and regime of precipitation may lead to the emergence of
significant challenges in the Thrace Peninsula, such as shortage
of water resources, water scarcity, or drought. Therefore,
identifying the trends of increase or decrease in precipitation in
the Thracian region considering the current data would
significantly contribute to future planning against possible

challenges. Various studies have focused on the amount of
precipitation, distribution, regime characteristics, and trend
analysis of precipitation in the Thrace Peninsula (Kurter, 1974—
1977, Tiirkes,1996; Erlat, 2000; Tiirkes, Stiimer and Kilig, 2002;
Partal, 2003; Tiirkes and Erlat, 2005; Tiirkes, Kog, and Saris,
2007; Saris, Hannah, and Eastwood, 2010; Gonenggil and Icel,
2010; Aydinozii, 2010; Tirkes, 2011; Tirkes, 2012; Tiirkes,
2016; Topuz, Feidas, and Karabulut 2020; Kocaoglu and
Cagliyan, 2022). The trend analyses of monthly, seasonal,
semiannual, and annual precipitation averages of the Thrace
Peninsula were performed using the Mann—Kendall test (Mann,
1945; Hirsch & Slack, 1984), Kendall’s tau test, and Sen’s slope
test (Sen, 1968) by utilizing data from 13 meteorological stations
located in and around the Thrace Peninsula.

This study aims to clearly reveal the increasing or decreasing
trends in precipitation amounts due to climate change in the
Thrace Peninsula, which is located in the Mediterranean
macroclimate area, and to contribute to the sustainability of
human-—natural environment relations in this area from a
geographical perspective. For this purpose, trend analyses of
monthly, seasonal (winter, spring, summer, fall), semiannual
(October—March,
precipitation amounts of the water year were performed.

April-September), and annual total

1.1. Research Area

The Thrace Peninsula in northwestern Turkey was determined
as the research area. It forms the territory of the Marmara Region
on the European continent and is surrounded by the Bosporus
and the Sea of Marmara to the east; the Sea of Marmara, the
Dardanelles, and the Aegean Sea to the south; Greece and
Bulgaria to the west; and Bulgaria and the Black Sea to the north
(Figure 1). Some of the provincial lands of Istanbul and
Canakkale and all of the provincial lands of Tekirdag, Kirklareli,
and Edirne are within the borders of the Thrace Peninsula, which
has a surface area of 23.854 km? (Ozsahin ve Eroglu, 2018).

Agriculture, industry, and trade sectors are the most
developed sectors in the Thrace Peninsula. A wide variety of
agricultural products are grown using modern methods on large
and fertile agricultural lands, constituting an area with a
significant population potential. As of 2022, the total population
living in the Thrace Peninsula is 12,220,690 (Edirne, Kirklareli,
Tekirdag, Eceabat, Gelibolu, and Istanbul’s districts having
414,714 residents, 369,347 residents, 1,142,451 residents, 8,684
residents, 43,984 residents, and 10,241,510 residents,
respectively) (TUIK (2023)).
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Figure 1: Location map of the research site.

The monthly precipitation averages of the meteorological
stations in the Thrace Peninsula show that the rainiest month is
December in all stations, and the months with the least
precipitation are July in Kumkdy, Sariyer, and Florya and August
in other meteorological stations (Table 1, Figure 2). The monthly
precipitation regime of the Thrace Peninsula is characterized by
a rapid onset of the December peak, a rainy winter season, and a
gradual transition to dry summer (Sar1g, Hannah, and Eastwood,
2010).

The average annual precipitation of meteorological stations
in the Thrace Peninsula is 583.4 mm in Kirklareli, 607.3 mm in
Edirne, 605.9 mm in Liileburgaz, 666.2 mm in Uzunkoprii, 790
mm in Kumkdy, 576.6 mm in Corlu, 819.3 mm in Sartyer, 639.9
mm in Florya, 580.9 mm in Tekirdag, 610.2 mm in Ipsala, 668.3
mm in Malkara, 736.4 mm in Gok¢eada, and 610.3 mm in
Canakkale (Table 2). The highest precipitation is observed in the
meteorological stations of Gokceada (329.3 mm) in winter,
Gokeeada (171 mm) in spring, Sartyer (108.8 mm) in summer,
Sartyer (251.3 mm) in fall, Gok¢eada (572.8 mm) in October—

Table 1: The monthly average precipitation of meteorological stations in the Thracian Peninsula.

Meteorology Station | ] m v \'} \'/| Vil VI IX X X1 Xl Annual
Kirklareli 66,3 50,5 49,6 44,0 49,8 53,5 27,6 21,1 32,6 52,9 64,9 70,6 583,4
Edirne 67,1 52,2 51,9 48,5 53,0 473 32,2 23,7 35,6 56,8 67,6 71,3 607,3
Luleburgaz 69,0 54,2 56,4 46,1 44,3 47,5 32,6 15,9 33,7 58,5 70,0 79,3 605,9
Uzunkopri 75,2 64,9 69,5 49,4 42,1 40,5 274 19,0 33,7 67,8 84,2 90,8 666,2
Kumkody 96,5 72,5 71,0 45,6 374 32,5 25,5 43,9 68,8 87,5 94,2 1151 790,5
Corlu 62,8 52,5 50,3 42,7 45,5 44,6 25,1 17,0 35,5 56,3 67,1 771 576,6
Sariyer 106,2 78,7 69,4 45,0 354 34,7 34,5 39,6 63,9 85,9 101,5 124,4 819,3
Florya 84,7 70,1 60,1 45,6 30,8 27,6 20,6 22,6 37,3 64,6 79,4 96,7 639,9
Tekirdag 68,6 54,3 53,8 42,0 37,5 38,0 25,0 15,6 32,6 60,6 72,0 80,9 580,9
ipsala 66,9 62,3 62,4 44,2 37,9 36,0 20,7 14,2 32,0 61,8 81,0 90,8 610,2
Malkara 753 62,4 67,3 48,1 44,0 48,8 24,0 11,1 39,6 65,4 86,8 97,8 668,3
Gokgeada 110,9 92,2 83,2 53,7 34,1 21,2 14,3 9,3 31,0 59,4 100,9 126,2 736,4
Canakkale 91,4 70,0 66,1 45,6 30,3 25,8 13,9 8,3 24,5 55,5 82,7 106,1 610,3

167



EROGLU / Cografya Dergisi — Journal of Geography, 47: 165-182

March, and Kumkdy (253.7 mm) in April-September and of
Sartyer (819.3 mm) in annual precipitation. The lowest
precipitation is observed in Kirklareli (187.4 mm) in winter,
Tekirdag (133.3 mm) in spring, Canakkale (42.1 mm) in summer,
Kiarklareli (150.3 mm) in fall, Kirklareli (354.8 mm) in October—
March, and Canakkale (140.4 mm) in April-September and
Corlu (576.6 mm) in annual precipitation.

The areas in the Thrace Peninsula are categorized as medium
precipitation areas in terms of precipitation amount and intensity
(Erlat, 2000). In these areas, the Mediterranean precipitation
regime is observed in the northern part of the Saros Gulf, and the
Marmara transition-type precipitation regime is observed in the
Mediterranean to the Black Sea, which is characterized as very
rainy in all seasons with a hot and less rainy summer season in
other areas (Tiirkes, 1996; Tiirkes, 1998; Tiirkes et al., 2002;

Tiirkes et al. 2007; Tiirkes et al. 2009). Furthermore, the Thrace
Peninsula was classified with a costal regime pattern, as observed
in the Marmara, Aegean, and Mediterranean coasts of Turkey
due to its significant December precipitation (Sarts, Hannah, and
Eastwood, 2010).

According to the Ering Precipitation-Effectiveness Index, a
semi-humid climate is observed in Kirklareli (I:30.9), Edirne
(1:30.8), Liileburgaz (1:30.8), Uzunkdpri (1:33.8), Corlu (1:32),
Florya (1:34.8), Tekirdag (1:32.5), Ipsala (I:31), Malkara (1:35.5),
Gokgeada (1:38.4), and Canakkale (I:31). On the other hand, a
humid climate is observed in Kumkdy (I:44.2) and Sariyer
(I:46.6). the Ering Precipitation-Effectiveness Index values
shows that the Black Sea coast of the Thrace Peninsula is humid,
while the other areas remain in the semi-humid climate zone
(Aydmn et al., 2019). In the annual precipitation series of the

150,0
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Figure 2: Figure of the monthly average precipitation of the meteorological stations in the Thracian Peninsula.

Table 2: Average precipitation values of meteorological stations in Thrace Peninsula.

Meteorology Station Winter Spring Summer Fall October- March April- September Annual
Kirklareli 187,4 143,4 102,2 150,3 354,8 228,6 5834
Edirne 190,7 153,5 103,2 160 367,1 240,2 607,3
Lileburgaz 202,4 146,7 94,6 161,8 3874 218,1 605,9
Uzunkopri 230,9 161 86,9 185,7 452,5 2121 666,2
Kumkoy 284,1 153,9 102 250,4 536,8 253,7 790,5
Corlu 192,4 138,5 86,7 159 366,2 210,4 576,6
Sariyer 3094 149,9 108,8 251,3 566,2 253,1 819,3
Florya 251,6 136,5 70,5 181,2 455,6 184,2 639,9
Tekirdag 203,8 1333 78,6 165,3 390,2 190,7 580,9
ipsala 220 144,5 71 174,7 425,1 185,1 610,2
Malkara 235,5 159,5 81,6 191,8 455 213,4 668,3
Gokceada 329,3 171 44,2 191,3 572,8 163,1 735,9
Canakkale 267,5 141,9 42,1 158,7 469,9 140,4 610,3

Reference: General Directorate of Meteorology.
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Thrace Peninsula, significant dry conditions were found in
Kirklareli in 1989-1997, Tekirdag in 1992-1993 and 1989—
1990, and Corlu in 1992—-1994. (Gonenggil 2012).

2. MATERIALS AND METHODS

The data of this study are based on the monthly precipitation
values of Kirklareli, Edirne, Liileburgaz, Uzunkoprii, Kumkoy,
Corlu, Sartyer, Florya, Tekirdag, ipsala, Malkara, Gokgeada, and
Canakkale meteorological stations obtained from the General
Directorate of Meteorology of the Ministry of Environment,
Urbanization, and Climate Change (Table 3). This study also
utilized the long-term precipitation measurement data from
Canakkale (17112) and Gokceada (17110) meteorological
stations to enrich the results of the field analysis and obtain more
accurate results. The longest and shortest periods evaluated in
the precipitation trend analysis are found in Florya (84 years
(1937-2020)) and Malkara (42 years (1980-2021))
meteorological stations, respectively. Among the other
meteorological stations, this study analyzed precipitation data of
Kirklareli (covering 63 years (1959-2021)), Edirne (70 years
(1952-2021)), Liileburgaz (67 years (1955-2021)), Uzunkoprii
(57 years (1965-2021)), Kumkoy (70 years (1951-2020)), Corlu
(64 years (1958-2021)), Sariyer (67 years (1954-2020)), Florya
(84 years (1937-2020)), Tekirdag (82 years (1940-2021)), ipsala
(58 years (1964-2021)), Malkara (42 years (1980-2021)),
Gokgeada (56 years (1965-2020)), and Canakkale (84 years
(1937-2020)).

Monthly precipitation data were organized as seasonal
(winter, spring, summer, fall), semiannual (October—March,
April-September) periods of the water year, and annual total
precipitation series. The homogeneity of each dataset was tested
at a 99% confidence interval according to the results of Pettitt’s

test (Pettitt, 1979), standard normal homogeneity test (SNHT),
Buishand’s test, and von Neumann’s test in XLSTAT (2022)
package program. Parametric and nonparametric trend tests are
conducted to analyze the trends in hydrometeorological variables
(Karakus, 2017). In this study, the Mann—Kendall test (Mann,
1945; Hirsch, & Slack, 1984), Kendall’s tau test, and Sen’s slope
test (Sen, 1968) were used to investigate the trend analysis of
precipitation time series at a 95% confidence interval and
statistical significance level o = 0.05. The Mann—Kendall test,
also known as Kendall’s tau, and Sen’s slope test are the
nonparametric tests used to analyze -climatological and
hydrometeorological data (Partal, 2003). In Sen’s slope test, a
negative and a positive value indicate a decreasing and an
increasing trend, respectively (Kocaoglu and Cagliyan, 2022).
XLSTAT (2022) package program was used for the trend and
homogeneity analyses. A geographic information system (GIS)
ArcGIS 10.8 program was used to draw the maps. Inverse
distance weighting (IDW) method was used to obtain
precipitation distribution maps based on the average precipitation
values of the meteorological stations presented in Table 2. Study
maps showing the precipitation distribution and precipitation
trend status were formed by adding signs indicating the trend
status of the stations to these maps. IDW is an interpolation
method commonly preferred for determining the cell values of
unknown points using the values of known sample points. The
cell value is calculated by examining the various points away
from the relevant cell and depending on the increase in distance.
This method involves surface interpolation based on the weighted
average of the sample points (ilker et al., 2019).

2.1. Mann—Kendall Test

In the Mann—Kendall test, the HO hypothesis states that
observations x1, ..., xn, which are time independent and similarly

Table 3: Meteorological stations used in the study and their characteristics.

Meteorology Station Meteorology Station Latitude Longitude Altitude (m) Observation Years Data Length (Years)
Kirklareli 17052 41.7382N 27.2178 E 232 1959-2021 63
Edirne 17050 41.6767 N 26.5508 E 51 1952-2021 70
Luleburgaz 17631 413513 N 27.3108 E 46 1955-2021 67
Uzunkopri 17608 41.2726 N 26.7056 E 45 1965-2021 57
Kumkoy 17059 41.2505N 29.0384 E 38 1951-2020 70
Corlu 17054 41.1798 N 27.8160 E 145 1958-2021 64
Sariyer 17061 41.1464 N 29.0502 E 59 1954-2020 67
Florya 17636 40.9758 N 28.7865 E 37 1937-2020 84
Tekirdag 17056 40.9585 N 27.4965 E 4 1940-2021 82
ipsala 17632 40.8900 N 26.3900 E 81 1964-2021 58
Malkara 17634 40.8873 N 26.9080 E 207 1980-2021 42
Gokceada 17110 40.1910 N 25.9075E 79 1965-2020 56
Canakkale 17112 40.1410N 26.3993 E 6.0 1937-2020 84

Reference: General Directorate of Meteorology.
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distributed random variables, are time sorted. Meanwhile, the
H1 hypothesis states that for all (k, j < n), where (k # j), the
distributions of xk and xj in the series are not identical. Equation
(1) is used to derive the statistic S of the Mann—Kendall. Equation
(2) gives the value of (xj-xk) in this equation (Terzi and ilker,
2021).

n-1 n
S=Y Dlsen(x; —x,) (1)
k=1 1=k+1
(x;=x) >0 = +1
sgn (x-x) =4 (x;-x,) =0= 0 ()

(x;-x) <0 = -1

The variance of the test statistic S is obtained as follows:
var(s) = S Dimss) (3)
18
Equation (4) is used if similar variables are present in the
time series (“tie condition™):

n(n—1)(2n+5)-Y! t;(t;—1)(2t;+5)
18

Var(s) =

4)

The significance of the Mann—Kendall test, for which the
variance value is determined, is compared with the critical Z
value of the standard normal variable Z calculated in the
equation. The numbers 1 in the numerator are continuous
correction units.

i . ifS>0
[Var(S)]?
Z= 0 ifS=0 %)
B+l ifS<0
[Var(S)]*

If the a significance level |z| < za/2, the null hypothesis HO is
supported. Otherwise, it is rejected. A positive and a negative S
value indicate the presence of an increasing and a decreasing
trend, respectively (Yu et al., 1993; Partal, 2003; Yiice et al.2018;
Terzi and ilker, 2021).

2.2. Sen’s Slope Test

Sen’s slope test is a nonparametric trend test proposed by
Hirsch (1982) and developed by Sen (1968). It is not affected by
data errors and extreme values. This test indicates that if the
trend (X, X;...., Xn) is time-sorted data, the values of X; and X
(being the data at any j and k times, provided that (j>k)) are
found using the following relation.

_X,-x,

B Py

The number of all  values found is N. N=n(n + 1)/2 data are
sorted from smallest to largest. The median value of these sorted
data gives us the change per unit of time (Partal, 2003).

3. FINDINGS
3.1. Homogeneity Analysis

Pettitt’s test (Pettitt, 1979), SNHT (Alexandersson, 1986),
Buishand’s test (Buishand, 1982), and von Neumann’s test (Von
Neumann, 1941) were utilized for homogeneity analysis of
annual precipitation data of meteorological stations in the Thrace
Peninsula (Table 4). These tests were conducted with a 99%
confidence interval. Based on the homogeneity analysis results,
all the tests performed at Kirklareli, Edirne, Uzunkopri,
Kumkoy, Corlu, Tekirdag, Malkara, and Gokgeada stations
showed homogeneity. Although the SNHT, Pettitt’s test, and von
Neumann’ test in Liileburgaz, Florya, Ipsala, and Canakkale
respectively, are rejected, the annual precipitation data are
considered homogeneous. On the other hand, the annual
precipitation data is considered doubtful in Sariyer as the SNHT
and Buishand’s test are rejected (Wijngaard, Klein Tank, &
Konnen, 2003).

3.2. Trend Analysis of Monthly Precipitation

The significant trend in monthly precipitation in the Thrace
Peninsula is observed at Liileburgaz, Sariyer, Tekirdag, ipsala,
Malkara, and Canakkale stations (Table 5, Figure 3). No
significant trend is observed in the monthly precipitation of other
stations. A significant negative trend is found in August,
November, and February in Liileburgaz, Tekirdag, and Ipsala,
respectively. On the other hand, a significant positive trend is
observed in June and October in Sariyer, September in Malkara,
and June in Canakkale. In other words, a significant increasing
trend in monthly precipitation is found in Sariyer, Malkara, and
Canakkale, and a decreasing trend is noted in Liileburgaz,
Tekirdag, and Ipsala.

On the other hand, there is a statistically increasing trend in
October precipitation with 1 significant station and 12
insignificant stations, in June precipitation with 2 significant
stations and 9 insignificant stations, in September precipitation
with 1 significant station and 8 insignificant stations, and in July
precipitation with 9 insignificant stations. One station has a
significant negative trend and 9 stations have an insignificant
trend in November precipitation, and 11 stations have a
insignificant decreasing trend in December precipitation.
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Table 4: The results of the homogeneity tests of the annual precipitation data of the meteorological stations in the Thracian Peninsula.

Meteorology

Meteorology

. Name of the Test PValue Yearof Change . Name of the Test P Value Year of Change
Station Station
Kirklareli Pettitt 0.375 2004 Florya Pettitt 0.019 1957
SNHT 0.145 2008 SNHT 0.590 2018
Buishand 0.095 2004 Buishand 0.976 1957
Von Neumann 0.433 - Von Neumann 0.341 -
Edirne Pettitt 0.713 2004 Tekirdag Pettitt 0.357 1994
SNHT 0.364 2008 SNHT 0.087 1940
Buishand 0.261 1994 Buishand 0.763 1994
Von Neumann 0.211 - Von Neumann 0.100 -
Luleburgaz Pettitt 0.121 1971 ipsala Pettitt 0.894 2015
SNHT 0.046 1966 SNHT 0.071 2016
Buishand 0.060 1971 Buishand 0.374 2015
Von Neumann 0.050 - Von Neumann 0.001 -
Uzunkopri Pettitt 0.440 1981 Malkara Pettitt 1.000 1994
SNHT 0.579 1981 SNHT 0.169 1993
Buishand 0.362 1981 Buishand 0.069 1994
Von Neumann 0.237 - Von Neumann 0.097 -
Kumkoy Pettitt 0.051 1973 Gokgeada Pettitt 0.619 1993
SNHT 0.103 1973 SNHT 0.582 1993
Buishand 0.051 1973 Buishand 0.257 1993
Von Neumann 0.200 - Von Neumann 0.095 -
Corlu Pettitt 0.734 1994 Canakkale Pettitt 0.386 1981
SNHT 0.222 2008 SNHT 0.394 1981
Buishand 0.247 2008 Buishand 0.143 1981
Von Neumann 0.188 - Von Neumann 0.031 -
Saryer Pettitt 0.083 1967
SNHT 0.037 1967
Buishand 0.042 1995
Von Neumann 0.078 -

3.1. Trend Analysis of Winter Precipitation

When the winter season precipitation in the Thrace Peninsula
is analyzed, no statistically significant increasing or decreasing
trend at o = 0.05 significance level is found in any of the stations
used in the study (Table 6, Figures 4 and 8). A positive trend in
winter precipitation is observed in Edirne, Kumkdy, Sariyer, and
Malkara stations, and a negative trend is found in Kirklareli,
Liileburgaz, Uzunképrii, Corlu, Florya, Tekirdag, Ipsala,
Gokgeada, and Canakkale stations.

3.2. Trend Analysis of Spring Precipitation

In the spring season, no statistically significant increase or
decrease in the trend of precipitation is found at any of the
stations used in the study (Table 7, Figures 5 and 8). On the other
hand, the number of stations with an increasing trend is increasing
in the spring. Kumk®oy, Sariyer, and Malkara stations, where a
positive trend is observed in winter precipitation, are accompanied
by Corlu, Florya, Gokceada, and Canakkale stations in spring
precipitation. Again, Edirne, which shows an increasing trend in
the winter season, follows a decreasing trend in the spring.
Kirklareli, Liileburgaz, Uzunkopri, Tekirdag, and Ipsala are
other stations with negative trends in precipitation during this

season. Although statistically insignificant, it is understood that
the number of stations showing a positive trend in spring
precipitation in the Thrace Peninsula has increased compared to
the winter season.

3.3. Trend Analysis of Precipitation in Summer

In the Thrace Peninsula, a statistically significant and
positive trend in summer precipitation is detected only at
Sariyer station (Table 8, Figures 6 and 8). A positive but
insignificant trend in summer precipitation is found in
Kirklareli, Edirne, Uzunkoprii, Kumkoy, Corlu, Florya,
Tekirdag, Ipsala, Malkara, Gokceada, and Canakkale, and a
negative and also insignificant trend in summer precipitation is
noted in Lileburgaz. The fact that the trend in summer
precipitation is positive in almost all of the stations shows that
a more notable trend is present in summer precipitation in the
Thrace Peninsula compared to winter and s

3.4. Trend Analysis of Precipitation in Fall
In the fall season, a positive and significant precipitation

trend is detected in KumkoOy and Sariyer stations (Table 9,
Figures 6 and 8). A positive but insignificant precipitation is
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Table 5: Trend values of monthly precipitation.

Meteorology | & name | 1 I m v v VI vii | v X X XI XII
Station

?(A::;;u 0598 | 0873 | 0877 | 0427 | 0991 | 0182 | 0717 | 039 | 0644 | 0031 | 0618 | 0257

Kendall's
Kk lareli i 0046 | 0014 | 0014 | 0069 | -0002 | 0116 | 0032 | 0074 | 0040 | 0187 | 0044 | -0,098
gl“:pz 0.185 | 0026 | 0027 | -0.118 | 0005 | 0283 | 0046 | 0088 | 0060 | 0529 | 0139 | -0.405
g;l“;ﬂ'“ 0788 | 0749 | 0808 | 0543 | 0612 | 0693 | 0144 | 0546 | 0887 | 0475 | 0510 | 0792

i Kendall's
Edime S 0022 | -0027 | 0020 | 0050 | -0.042 | 0033 | 0120 | 0050 | 0012 | 0059 | -0054 | 0022
Ssj’(‘);e 0070 | 0049 | 0052 | 0091 | -0.119 | 0,079 | 0194 | 0057 | 0014 | 0209 | -0.178 | 0069
&“::5:” 0384 | 0713 | 0799 | 0649 | 0910 | 0677 | 0436 | 0001 | 0426 | 0788 | 0074 | 0299

. Kendall's
Lilleburgaz e 20073 | 0031 | 0022 | 0038 | 0010 | 0035 | -0066 | 029 | -0.067 | 0024 | -0.150 | -0.087
gf:p; 0227 | 0070 | 0042 | 0100 | 0023 | 0,071 | -0087 | -0288 | 0,109 | 0059 | -0463 | -0.320
BK’I;I“(;‘;“ 0522 | 0731 | 0836 | 0449 | 0620 | 0491 | 0601 | 0720 | 0885 | 0655 | 0055 | 0433

R Kendall's
Uzunkoprii e 0059 | -0032 | 0019 | 007 | -0046 | 0063 | 0048 | 0033 | 0014 | 0041 | 0175 | -0072
gf;pz 0259 | -0107 | 0045 | 0,191 | -0.121 | 0166 | 0056 | 0022 | 0013 | 0161 | 0874 | -0421
1;(4::5:“ 0800 | 0475 | 0939 | 0400 | 0530 | 0423 | 0367 | 0364 | 0147 | 0325 | 0757 | 0516

" Kendall's
Kumkiy o <0021 | 0059 | 0007 | 0069 | 0052 | 0066 | 0074 | 0075 | 0119 | 0081 | 0026 | 0053
gi?pi 0072 | 0152 | 0008 | 0125 | 0087 | 0078 | 0095 | 0107 | 0420 | 0302 | 0079 | 0242
;";f;‘;“ 0505 | 0899 | 0972 | 0945 | 0391 | 0092 | 0835 | 1000 | 0566 | 0075 | 0411 | 0066

Kendall's
Corlu e <0058 | 0011 | 0003 | 0006 | 0074 | 0145 | 0018 | 0000 | 0050 | 0153 | 0071 | -0,158
gi‘)‘; 0192 | 0029 | 0007 | 0021 | 0154 | 0407 | 0024 | 0000 | 0108 | 0419 | 0187 | -0541
?(’I:l‘(;‘ﬂ'n 0914 | 0168 | 0626 | 0642 | 0414 | 0012 | 0582 | 0363 | 0211 | 0014 | 0426 | 0927

Kendall’s
Saryer = 0009 | 0116 | 0041 | -0,039 | 0069 | 0211 | 0047 | 0077 | 0005 | 0205 | 0067 | -0.008
gfgpi 0042 | 0321 | 0125 | 0069 | 0117 | 0313 [ 0059 | 0119 | 0364 | 0788 | 0273 | -0.031
g;]“;;“ 0899 | 0626 | 0705 | 0625 | 0393 | 0162 | 0671 | 0920 | 0624 | 0905 | 0358 | 0391
Florya ?::‘d“"'s 20,010 | 0036 | -0028 | 0036 | 0064 | 0104 | -0032 [ -0008 | -0037 [ 0009 | -0069 | -0,064
gf;‘p; 20016 | 0083 | -0054 | 0050 | 0061 | 0116 [ -0011 | 0000 | 0060 | 0012 | 0161 | -0.164
E;]“:;” 0234 | 0321 | 0493 | 0981 | 0608 | 0838 | 0634 | 0416 | 058 | 0363 | 0028 | 0234

— Kendall’s
Tekirdag o 2009 | 0075 | 0052 | 0002 | 0039 | 0016 | 0036 | 0062 | 0042 | 0069 | -0.165 | -0,051
gf;‘p; 0209 | 0167 | -009% | -0003 | 0063 | 0025 | 0040 | 0032 | 0050 | 0171 | 0443 | -0.150
i‘(‘;“iu 0742 | 0,013 | 0904 | 0634 | 0825 | 0717 | 0200 | 0177 | 0243 | 0215 | 0469 | 0515

e Kendall's
ipsala T 0,030 | -0225 | -0012 | -0.044 | -0021 | 0033 | 0116 | 0123 | 0106 | 0113 | 0066 | -0,059
SSEI:‘;;: 0142 | 0,705 | 0025 | 0,110 | -0,033 | 0062 | 0208 | 0000 | 0230 | 0445 | 0227 | -0.308
i‘(’[;,“;;“ 0530 | 0269 | 0828 | 0957 | 0721 | 0410 | 0182 | 0845 | o011 | 0089 | 0087 | 0488

Kendall’s
Malkara i 0069 | 0120 | 0024 | -0.007 | 0040 | 0000 | -0.145 | 0022 | 0275 | 0184 | 0185 | -0075
gfspz 0527 | 049 | 0067 | 0017 | 0141 | 0300 | -0217 | 0004 | 0738 | 1008 | -1311 | -0.496
?(’[:::;H 0899 | 0296 | 1.000 | 0938 | 0238 | 0189 | 0146 | 0205 | 0932 | 0055 | 0400 | 0719
Gokeeada ?ﬂ‘;‘da“ S| 0012 | 0097 | 0000 | 0008 | 0109 | 0122 | <0138 | 0021 | 0008 | 0477 | 0078 | -0.034
gf;‘pi 0090 | -0499 | 0000 | 0029 | -0.189 | 0.146 | -0056 | -0003 | 0.000 | 0680 | -0436 | -0.246
BKA::(;:_II 0,155 0,694 0,61 0,494 0,932 0,027 1.000 0861 0,737 0,449 0221 0,299

Kendall’s
Canakkale e 20106 | 0030 | 0038 | 0051 | -0007 | 0165 | 0poo | 0014 | 0025 | 0057 | 0091 | -0077
gf(‘:p: 0395 | -0.083 | 0074 | 0089 | -0012 | 0163 | 0000 | 0000 | 0010 | 0122 | 0282 | -0.329

found in Kirklareli, Edirne, Corlu, Florya, Malkara, Gok¢eada, Ipsala stations. Kirklareli and Edirne, which show a negative
and Canakkale stations. Moreover, a negative and insignificant trend in spring, have a positive trend in fall.

precipitation is noted in Liileburgaz, Uzunkoprii, Tekirdag, and
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Figure 3: Trend values of monthly precipitation.
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Table 6: Trend values of precipitation in winter. Table 7: Trend values of precipitation in spring season.
Meteorolo Mann-Kendall Meteoro- Mann-Kendall P
Station 9y P (Value) (a=0,05) Kendall’s Tau Sen’s Slope logy Station (Value) (a=0,05) Kendall’s Tau Sen'’s Slope
Kirklareli 0,780 [ ] -0,025 -0,083 Kirklareli 0,731 @ -0,030 -0,040
Edirne 0,765 e 0,025 + 0,065 e Edirne 0,843 L 0,017 -0,027
Lileburgaz 0,124 ] -0,129 0,873 Luleburgaz 0,720 ° -0,030 -0,120
Uzunkopri 0,393 (] -0,061 0,177 Uzunképri 0,863 L] -0,016 -0,028
Kumkoy 0,656 ° 0,037 o 0,088 e Kumkdy 0.757 e 0,026 + 0.046 +
Corlu 0,215 o] -0,107 0,241 Corlu 0,451 ® 0,065 + 0,081 +
Sariyer 0,566 ® 0,048 o 0,120 wfa Sariyer 0,983 ® 0,002 o 0,003 o
Florya 0,648 ® -0,034 -0,053 Florya 0,637 9 0,035 wla 0,029 wla
Tekirdag 0,662 L -0,033 -0,067 Tekirdag 0,701 ® -0,029 -0,031
Ipsala 0,341 L -0,087 -0,250 ipsala 0,979 ° -0,003 -0,003
Malkara 0,965 L] 0,006 = 0,011 s Malkara 0,879 9 0,017 wfa 0,033 wfa
Gokeeada 0,385 ° -0,081 -0,324 Gokgeada 0,697 ™ 0,036 o 0,065 oa
Canakkale 0,094 9 -0,124 -0,741 Canakkale 0,920 ° 0,008 +* 0,024 +*

® Significant @ Insignificant Decrease 5 Increase ® Significant @ Insignificant Decrease " Increase
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3.5. Trend Analysis of Precipitation During the October— 5 00
March Period

Figure 5: Trend graphs of precipitation in spring season.

In the Thrace Peninsula, no statistically significant upward or
downward trend is observed in any of the meteorological stations the other hand, an insignificant positive trend is observed in

in the October—March period (Table 10, Figures 9 and 11). On Kirklareli, Edirne, Kumkdoy, Corlu, Sartyer, and Florya stations,
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Table 8: Trend values of precipitation in summer.

Table 9: Trend values of precipitation in fall.

Meteoro-

Mann-Kendall

Kendall’s Tau

Sen’s Slope

Meteorolo

gy

Mann-Kendall

Kendall’s Tau

Sen’s Slope

Malkara
GoOkgeada
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0,235
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Malkara
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0,117
0,003
0,005

+
+
+

0,271
0,009
0,023

++ 4+

logy Station P (Value) (a=0,05) Station P (Value) (a=0,05)
Kirklareli 0,370 ° 0,078 o 0,122 a Kirklareli 0,137 ® 0,129 ofa 0,217 a
Edirne 0,453 ™ 0,062 o 0,085 ofa Edirne 1,000 ™ 0,000 ofa 0,000 o
Lileburgaz 0,574 L -0,047 -0,207 Lileburgaz 0,274 L -0,092 -0,422
Uzunképri 0,587 ™ 0,050 o 0,064 oa Uzunképrii 0,125 [} -0,140 -0,325
Kumkéy 0,400 ™ 0,069 o 0,098 o Kumkdy 0,010 L] 0,211 e 0,438 oA
Corlu 0,107 ° 0,138 o 0,174 e Corlu 0,407 ° 0,071 e 0,125 e
Sariyer 0,016 ] 0,202 o 0,275 N Sariyer 0,005 @ 0,234 o 0,558 £
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Figure 7: Trend graphs of precipitation in fall.
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Figure 8: Results of trend analysis for (a) winter, (b) spring, (c) summer and (d) autumn precipitation totals.

3.6. Trend Analysis of Precipitation During the April-
Table 10: Trend values of precipitation during the September Period
October-March period.

2"“?°'°'°9V b :‘('Ia:‘“';((e“‘:)ags) Kendall's Tau Sen’s Slope A statistically significant and positive trend in precipitation is

tation alue) (a=0, . - . . .

Korklarel 0700 ° 0034 + 0096 - observed in Kllnnkoy, Corlu, a.nd Sartyer stations in th.e.Aprll—

Edime 0,693 ° 0,033 & 0,058 o September period (Table 11, Figures 10 and 11). A positive and

Lileburgaz 0,225 PY -0,102 0,955 insignificant trend is observed in Kirklareli, Edirne, Florya,

Uzunképrii 0,640 L -0,043 -0,091 Tekirdag, ipsala, Malkara, Gok¢eada, and Canakkale, and a
5 62 04 064 . S . R

Kumksy 0626 e 0040 * 006 * negative and insignificant trend is observed in Liileburgaz and

Gorlu 0,451 ] 0,065 el 0,081 s Uzunképrii

Sanyer 0,122 ° 0130 & 0190 o Zunxopru.

Florya 0,637 L] 0,035 L 3 0,029 s

Tekirdag 0,309 ° 0,077 -0,092 3.7. Trend Analysis of Annual Precipitation

ipsala 0,687 [ -0,037 0,075

Malkara 0,931 [ ] -0,010 -0,022 . .

Gokceada 0.783 ° 0026 0,071 Based on the .trend. analysis of the t(?tal annuall pr.empltatlon

Canakkale 0,137 ® 0,111 -0,871 values of the stations in the Thrace Peninsula, a significant and
® Significant @ Insignificant Decrease ¥ Increase positive trend is found in Kumkdy and Sariyer (Table 12, Figures

12 and 13). On the other hand, positive and insignificant trends
and a negative trend is observed in Liileburgaz, Uzunkprii are observed in Kirklareli, Corlu, and Malkara stations, and

Tekirdag, Ipsala, Malkara, Gokgeada, and Canakkale stations. negative and insignificant trends are detected in Edirne,

Liileburgaz, Uzunkoprii, Florya, Tekirdag, Ipsala, Gokceada,
and Canakkale stations.
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Figure 9: Trend graphs of precipitation during the
October-March period.

3.10. Trend Analysis of Monthly Maximum Precipitation

In the trend analysis of monthly maximum precipitation, a
positive and significant trend is found in Kumkdy, Corlu, Sariyer,
and Malkara stations located on the Thrace Peninsula (Table 13,
Figure 14). Among the stations where a statistically insignificant
trend was determined, the trend in monthly maximum
precipitation in Liileburgaz, Uzunkoprii, and Florya stations
follows a negative direction, whereas the trend in Kirklareli,
Edirne, Tekirdag, Ipsala, Gokceada, and Canakkale stations

follows a positive direction.

Table 11:Trend values of precipitation during the
April-September period.

:\:;;e;tr:tion p Kllz:‘une)K (Z ':::::5) Kendall’s Tau Sen’s Slope
Kirklareli 0,308 [ ] 0,089 i 0,077 L J
Edirne 0,570 ™ 0,047 s 0,031 s
Luleburgaz 0,221 [ ] -0,103 -0,509
Uzunkopri 0,956 [ ] -0,006 i -0,011 L
Kumkoy 0,035 ® 0,172 s 0,219 s
Corlu 0,021 o 0,198 i 0,180 i
Sariyer 0,010 ] 0,216 o 0,273 e
Florya 0,985 [ ] 0,002 o 0,001 f
Tekirdag 0,476 ° 0,054 s 0,035 s
ipsala 0,648 ™ 0,042 s 0,028 s
Malkara 0,083 9 0,187 e 0,270 e
GoOkgeada 0,821 o 0,021 e 0,017 e
Canakkale 0,743 e 0,025 wa 0,096 i
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Figure 10: Trend graphs of precipitation during the
April-September period.

177



EROGLU / Cografya Dergisi — Journal of Geography, 47: 165-182

i

October-March ™ A \

Bulgaria  _ .

Gireece

Aegean
‘. sea

'_j i Sea of Marmara

Gireece

Aegean ’a L7
seq

[ ]
t Trend

i Preclpzt;t:n ?TNrend e | aee, "'ECiP;‘;;i;" @|significant
3 0 20 40 . oy rall Sl i . ke @ | Non-significant
J '_k‘m_| - 254 [F)I::;f;::e - 1404 & \gcrease
_— ecrease
Figure 11: Trend maps of precipitation during the October-March and the April-September periods.
Table 12: Trend values of annual precipitation.
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Sen’s slope test, a significant negative trend in monthly
precipitation values in the Thrace Peninsula is found in August,
November, and February in Liileburgaz, Tekirdag, Ipsala,
respectively. Moreover, a significant positive trend is observed
in June and October in Sariyer, September in Malkara, and June
in Canakkale. Regarding the seasons, a positive and statistically
significant trend is detected in Sartyer in summer and Kumkoy
and Sariyer in autumn. In addition, positive and statistically
significant trend is noted in Kumkoy, Corlu, and Sartyer in the
April-September and in Kumkdy and Sariyer in annual
precipitation. No significant trend in precipitation is detected
between the winter and spring seasons and during the October—
March period. An insignificant decreasing trend is also found in
winter, during October—March, and annual precipitation, whereas
an insignificant increasing trend is found in spring, summer, fall,

¥ = 0.1483x+440,02

= 17706x-2873 8 i
Malkara e Gikgeada K2 = 0,0002
1500

1000
500

1500

= 1000
500

‘mm)

Precipitation
(=]
Precipitation (mmy)

Canakkale ¥ =-0.7836x+2164.6
R2=10,0202
1500.0

1000.0
500.0 W*W*

0.0

Precipitation (mm)

Figure 12: Trend graphs of annual precipitation.

and during April-September precipitation. In terms of monthly
maximum precipitation, a positive and significant trend is found
in Kumk®oy, Corlu, Sariyer, and Malkara.

The findings obtained in this study are mostly consistent with
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Figure 13: Trend map of annual precipitation.

Table 13: Trend values of monthly maximum precipitation.

:\:;;e;::tion p :\(I,::\:e;((ear::)a’:)ls) Kendall’s Tau Sen’s Slope
Kirklareli 0,865 =] 0,015 la 0,017 e
Edirne 0,070 ™ 0,150 + 0,161 +
Luleburgaz 0,795 -] -0,022 -0,043

Uzunkopri 0,713 e -0,034 -0,035

Kumkoy 0,001 (] 0,278 fa 0,379 s
Corlu 0,012 ] 0,219 fa 0,235 afa
Sariyer 0,020 ™ 0,197 o+ 0,298 +
Florya 0,383 @ -0,066 -0,057

Tekirdag 0,224 e 0,092 = 0,090 s
ipsala 0,409 ™ 0,076 + 0,144 +
Malkara 0,026 @ 0,243 afa 0,639 afa
Gokgeada 0,117 [ ] 0,146 L . 0,349 afa
Canakkale 0,147 [] 0,109 fa 0,135 s

@ Significant @ Insignificant Decrease " Increase

those of previous studies. Alexandrov et al. (2004) stated that the
trends in annual precipitation in Bulgaria for the 1901-2000
period were insignificant at the 95% probability level. Topuz et
al. (2020) found no statistically significant trend in annual and
winter precipitation in Turkey for the 1955-2013 period. Tiirkes
(2012) found an increasing trend in annual total precipitation in
Tekirdag and Istanbul regions. Furthermore, Génenggil (2012)
found that annual total precipitation showed a decreasing trend
at all stations, except Edirne and Kirecburnu. In this study, no
statistically significant trend in winter precipitation was found,
but a significant positive trend in annual precipitation was
observed only in Kumkdy and Sartyer.

Gonenggil (2012) concluded that the July precipitation series
showed an increasing trend at Edirne (significant) and Kirklareli
stations and a decreasing trend at Tekirdag, Kirecburnu, and
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Figure 14: Trend graphs for monthly maximum precipitation.

Corlu stations, especially after the 1990s. In this study, although
the trend direction of summer precipitation is increasing, a
statistically significant increase is observed only in Sartyer
station.

In the periodic trend analysis of annual precipitation averages
in the Meri¢ River Basin Eroglu (2021) determined that there
was a significant negative trend at Ipsala in the 1965-1990
period, a significant positive trend at Kirklareli station in the
1991-2015 period, and no statistically significant trend at any
station in the basin area in the 19652015 period. No statistically
significant trend was also found in annual average precipitation
at any station in the Meri¢ River Basin in this study.

From the analysis of precipitation trends in the Thrace
Peninsula within the scope of meteorological stations, significant
positive trends are detected in Sariyer, Kumkoy, Corlu, Malkara,
and Canakkale stations, whereas significant negative trends are
found in Liileburgaz, Tekirdag, and Ipsala stations only in
monthly precipitation. Moreover, no statistically significant
results are found in Kirklareli, Edirne, Uzunkoprii, Florya, and
Gokgeada stations.
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Out of 117 analyses performed for 13 meteorological stations
in the Thrace Peninsula to determine the effects of global climate
change on temperature averages, 107 (91.5%) were found to have
a statistically positive and significant trend (Eroglu, 2022). This
trend in air temperatures would cause an increase in the amount of
evapotranspiration (ET). Due to population growth, urbanization,
and industrialization, the need for water and water resources in
this area is increasing day by day. It is also emphasized the change
in the global climate has resulted in the escalation of problems,
such as flooding and water insufficiency, water quality
deterioration, and ecosystem problems in the Thrace Peninsula in
recent years (Turoglu and Uludag, 2013), where water resources
and groundwater are important (Aykut, 2021).

On the other hand, the average rainy days in Sariyer, Kumkdy,
Corlu, Florya, Edirne, Uzunk&prii, Kirklareli, Tekirdag, Malkara,
Ipsala, Liileburgaz, Gokceada, and Canakkale are 131, 124, 123,
118, 108.5, 99, 98.5, 98, 98, 96, 90, 88, and 86 days, respectively.
Accordingly, the number of rainy days in the Thrace Peninsula
varies between 131 and 86 days. Sariyer and Canakkale are the
stations with highest and lowest number of rainy days, respectively.
The rainfall Trakya is distributed according to precipitation
intensity classes, where light rains below 10 mm constitute 80% of
the total rainfall. On the other hand, the proportion of heavy and
very heavy rain showers is <1% (Erlat, 2000).

The maximum monthly precipitation during the observation
periods of the meteorological stations was 227.4 mm, 179.4 mm,
144.4 mm, 140.1 mm, 137.8 mm, 131.8 mm, 128.9 mm, 128.5 mm,
128.3 mm, 115.1 mm, 112.5 mm, 111.3 mm, and 93.2 mm in
Liileburgaz (2013, April), Kumkdy (2009, September), Gokceada
(2014, May), Tekirdag (1997, October), Canakkale (1956,
November), Uzunkoprii (1977, December), Sariyer (2017,
September), Edirne (2018, November), Kirklareli (1960, January),
Malkara (2001, December), Florya (1942, November), Corlu (2006,
July), and Ipsala (1979, November), respectively. From these data,
it can be understood that the monthly maximum rainfall in Edirne,
Sartyer, Gokgeada, Liileburgaz, Kumkoy, Corlu, Malkara, and
Tekirdag decreased between 1997 and 2018. Similarly, the monthly
maximum rainfall in Ipsala, Uzunképrii, Kirklareli, Canakkale, and
Florya decreased during the period from 1942 to 1979.

This study examined the impact of global climate change on
precipitation trends in the Thrace Peninsula. The data obtained
contribute to the future planning of water resources, water use,
and management. Nevertheless, it is relevant to note that a large
number of detailed scientific studies are necessary to reach more
diverse findings regarding the climatological and precipitation
characteristics of the Thrace Peninsula.
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oz

Gozlukule Hoylgu, guinimuzdeki Tarsus (Berdan) Ovasi’'nin kuzey kenarinda bulunmaktadir. Bu calismada, Tarsus Ovasi’'nin paleocografik gelisimini ve
bdlgede yer alan Gozliikule Hoylgu'niin dogal cevre degisimlerinden nasil etkilendigini ortaya koymak amaciyla, 2001 ve 2002 yillarinda yorede yapilmis
olan 19 adet delgi sondaja ait sedimanlar yeni analizler 1siginda degerlendirilmistir. Sedimanlar, grantlometrik, element 6zellikleri ve paleontolojik agidan
analiz edilmistir. Bu analizlerin sonuglarina gore Tarsus Ovasi ile Gozliikule Hoyugu ¢evresinin Holosen'deki dogal ¢evre degismeleri yorumlanmistir. Bu
gelismelerin belli bir kronolojiye baglanabilmesi icin Ege Universitesi Bilimsel Arastirma Projeleri SHD - 2021 - 22452 ve SYL - 2020 - 22305 numarali iki proje
destegi ile toplam 5 adet RC14 analizi yaptirilmistir. Sediman 6rnekleri paleontolojik, sedimantolojik, element analizleri ve tarihleme sonugclar birlikte
degerlendirilerek yeni verilere gore yorenin paleocografik gelisimi ortaya konmustur.

Anahtar kelimeler: Tarsus (Berdan) Ovasi, Gozliikule Hoyugu, paleocografya

ABSTRACT

Gozlikule Mound is located in the northern Tarsus Plain . This study aims to reconstruct the paleoenvironment of Gozllikule Mound and the paleogeographic
development of the Tarsus Plain. Core sediments taken from 19 drillings made between 2001-2002 are used to reveal the effects of natural environmental
changes, with granulometric analyses, elemental analyses, and paleontological analyses being done for this purpose. In light of these analyses, the study
interprets the natural environmental changes to the Tarsus Plain and the surroundings of Gozliikule Mound that occurred in the Holocene. In order to
connect these developments to a certain chronology, a total of five radiocarbon-14 analyses were made with the support of Ege University Scientific
Research Project Nos. SHD-2021-22452 and SYL-2020-22305. The paleontological, sedimentological, and elemental analyses, as well as the dating results of
the sediment samples, were reevaluated, with the paleogeographic development of the region being revealed in accordance with the new data.
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EXTENDED ABSTRACT

Tarsus Plain is a part of the Cukurova Deltas Complex and is located in a region bounded by the Mediterranean Sea to the south, the
Bolkar Mountains to the north and northwest, and the Misis Mountains to the east. With a historical past dating back to 7,000 BC, Cilicia
was one of the most important settlements of the region in the ancient period, and Gozliikule Mound is located on the northern edge of
the Tarsus Plain. In order to reveal the paleogeographic development of the Tarsus Plain and how the Gozliikule Mound in the region was
affected by natural environmental changes, the study reevaluates within its scope sediment samples that had been taken from core
drillings in the region.

A laser-diffraction grain-size analysis was carried out over 300 sediment samples taken from different depths, as well as an elemental
analysis using the x-ray fluorescence (XRF) method on 145 sediment samples. In addition, a carbon-nitrogen-sulfur (CNS) analysis, total
organic carbon (TOC) and total inorganic carbon (TIC) analysis, and paleontological analysis were also conducted on 150 sediment
samples. A total of five radiocarbon-14 (RC-14) analyses were conducted with the support of Ege University Scientific Research Project
Nos. SHD-2021-22452 and SYL-2020-22305.

To determine the delta development in the Tarsus Plain as well as in the old lagoon and marsh areas in the region, XRF, CNS, and
carbon-to-nitrogen (C/N ratio) elemental analyses were performed on 150 sediment samples. In addition to the calcium-to-potassium
(Ca/K) ratio in the sediment content, the high TIC ratio explains the dominance of marine sediments. The high zirconium-to-rubidium
(Zr/Rb) ratio indicates the accumulation of sandy material. However, the sediment samples that were determined to be marine were also
seen to have high levels of titanium (Ti), manganese (Mn), and strontium (Sr). The environment is explained to have been lagoonal
through the high chlorine (Cl), sulfur (S), and calcium (Ca) ratios found in the sediment. The analysis results determined that coastal
dunes had provided the formation of the lagoon and reflect the transition. Accordingly, the Ca/K, CI, S, and TOC ratios decreased, The
Si and TIC ratios increased due to the formation of dunes. A high K ratio is also identified in flood plain sediments.

The granulometric analysis of 300 samples from drilling sediments graded the grain size poorly or very poorly at depths reflecting
the flood plain sediments. However, the average grain size was seen to range between 3-10 microns. Due to the flooding present in river
dynamics, average grain size reaches up to 39 microns at some levels. At the depths determined as the old river bed, the average particle
size distribution reached up to 800 microns, with the sediment structure showing very poor grading. These levels contain coarse grains
as well as all sizes of sand, silt, and clay. At levels reflecting the marine environment, the average grain size of the sediment is 50
microns, with the sediment being coarse, silty, and poorly graded. In the lagoon environment, this took on a very fine sandy structure
with an average grain size of 200 microns.

The fossils in the sediment samples taken from the boreholes made significant contributions to the research in terms of their habitats.
The macro- and micro-fossils found in the sediment samples taken from the boreholes in the Tarsus Plain and around the Gozliikule
Mound prove the environmental characteristics that were interpreted from the sedimentological point of view. The changes in the
coastline in the Holocene in particular provided indicators for determining whether the Gozliikkule Mound and the city of Tarsus had been
coastal settlements during these periods; whether the Rhegma (Rhegmoi) Lagoon, whose existence appears in historical narratives, had
also existed as the plain developed, and whether a harbor town called Aulai had also existed.

The natural environment around the Gozliikule Mound has changed considerably from the Neolithic era to the present. This change
occurred mostly in the alluvial area and along the shoreline. The Tarsus Plain and Gozliikkule Mound were never located on the coast, nor
did the sea penetrate inland this far. The sea had risen rapidly and transgressed around Tarsus. It must have advanced on the old plain
surface, which had been shaped under terrestrial conditions compared to the pre-Holocene floor level, and is now located under today’s
alluvium area. According to the results on the drillings, the sea had penetrated up to 5 km south of the Gozliikkule Mound during this
period.

Over the course of time, the settlement that started in Gozliikule Mound expanded to the present city area. Meanwhile, a lagoon began
to develop in the south, and the port city of Tarsus, called Rhegma as well as Aulai, was established on the shore of this lagoon. In this
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period, Tarsus became the most important city of the region with its geographical location and inner harbor. As the Rhegma lagoon filled
with alluvium and turned into a lake and then into a large swamp, Tarsus being 15-16 km away from the coast ceased to be a city
connected to the sea.

According to the results of the multiple analysis methods that were carried out, the coastline had intruded to the north in the direction
of Tarsus and Gozliikule Mound via transgression in the Early Holocene; it moved towards the plain again in the Middle and Late
Holocene alongside the alluvia carried by the Tarsus Stream and the Seyhan and Ceyhan rivers in the region. Based on the processes that
developed in the Middle and Late Holocene, a lagoon (Rhegma) was formed to the south of Gozlilkkule Mound. With the continued
accumulation, the lagoon environment gradually turned into a lake before then becoming a wetland in the delta-flood plain. Wetlands in
the form of swamps remain as current traces of these processes over the plain except where they were dried by drainage works. Today,
the Karabucak swamp in the south Tarsus Plain is the last remnant of these environments.
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1. GIRIS

Gozliikule Hoyiigii, Icel il simirlart icinde Cukurova (antik
adiyla Kilikya Ovasi) ve Tarsus (Berdan) ¢aynin batisinda
bulunur (Sekil 1). Modern Tarsus kentinin glineydogusunda yer
alan Gozliikule Hoyiigiinde ilk arkeolojik kazilar Hetty Goldman
baskanliginda 1935 yilinda baglamais, II. Diinya savasi sirasinda
ara verilmesi disinda 1948 yilina kadar stirmiistiir. 2000 yilina
kadar verilen aradan sonra Bogazigi Universitesi Tarih
Béliimiinden Prof. Dr. Asli Ozyar baskanhiginda Gozliikule
Hoytigiinde yeniden baslayan arkeolojik arastirmalar, 2007
yilindan itibaren kazilara doniiserek giiniimiize kadar devam
etmistir (Ozyar, Danisman, Giirbiiz ve Ozener, 2003; Ozyar ve
Danigman, 2009; (")zyar, Danisman, Unlii ve Kurugayirli, 2009;
Ozyar vd., 2014; Ozyar, Unlii, Pancaroglu ve Volkaer, 2017).

Tarsus’un (Tarsos), Gozliikule Hoyiigiindeki caligmalarla,
Neolitik’e kadar uzanan yerlesme tarihine sahip oldugu ortaya
konmustur. Tarsus kentinin kuruldugu yer olan Gozlikule

Hoyiigiinde, Hetty Goldman calismalarinda, Neolitik’ten Islam
donemine kadar siiren bir yerlesimin oldugu belirlenmis ve yedi
kiltir kat1 saptanmistir (Goldman, 1935, 1956; Goldman ve
Jones, 1963). Hoyiigiin en alt kisminda bulunan bazi keramik ve
obsidyen aletler M.O. 6000-5500 yillar1 arasina yani Neolitik’e
tarihlenmistir. Neolitik Donemde baslayan bu yerlesme,
Kalkolitik ve Tun¢ Cagr’nin tiim evrelerini gegirerek hig
terkedilmeden, Demir Cagi’nda da degisen tiim kosullara uyum
saglayarak var olmay1 siirdiirmiistiir. Hoylikte en fazla birikim
olusturan yap1 katlarinin 20 m’yi bulan kalinligi ile Tung Cagi’na
ait oldugu belirtilmektedir (Ozyar vd., 2003). Dogu Akdeniz’deki
konumu ve Neolitik’e kadar uzanan yerlesme tarihi, Gozliikule
Hoyiigii'niin iginde bulundugu Kilikya Bolgesinin yerlesme
tarihi agisindan daha da 6nemli kilmaktadir.

Gozliikule Hoyiiglinde, 2000 yilindan itibaren interdisipliner
bir arkeoloji projesi baslamistir. Gozlikule Hoyiligiinde yeni
donem arkeoloji ¢aligmalarinda Neolitik’ten gliniimiize kadar
Tarsus yoresinde dogal ¢cevrede meydana gelen degismeler ve bu
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Sekil 1: Tarsus Ovasi ve Gozliikule Hoyiigiiniin konumu (Hocaoglu, 2003; Oner, Uncu ve Hocaoglu, 2002a, Oner, Uncu ve Hocaoglu, 2002b).
Figure 1: The location of the Tarsus Plain and the Gozliikule Mound
(Hocaoglu, 2003; Oner, Uncu ve Hocaoglu, 2002a, Oner, Uncu ve Hocaoglu, 2002b).
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degismelerin insan faaliyetleri ve yerlesme tarihine etkilerinin
belirlenmesi 6nemli gériilmiistiir (Ozyar vd., 2003). Bu amagla
2000’li yilarmm basinda Gozlikule Hoyiigl arkeolojik kazi
projesi kapsaminda yorede paleocografya ¢aligmalari baglamistir
(Hocaoglu, 2003; Oner vd., 2002a; Oner vd., 2002b; Oner, Uncu
ve Hocaoglu, 2003; Oner, Hocaoglu ve Uncu, 2005a; Oner,
Hocaoglu ve Uncu, 2005b; Oner, 2016a; Oner, 2016b; Oner,
Vardar, Karadas ve Ilhan, 2019).

Bu ¢aligmalarda 6ncelikle aliivyal alanlarda DSI tarafindan
yapilmis olan sondajlar degerlendirerek ovayi olusturan geng
pekismemis sedimanlarin genel stratigrafisi belirlenmistir.
Sonrasinda gerek hoylik ¢cevresinde gerekse ova tabaninda Cobra
MKI1 delgi (cakma) sondaj makinasiyla 19 adet delgi sondaj
yapilmistir (Sekil 2). Sondajlardan alinan drnekler sedimantolojik
olarak incelenmis ve sedimanlarin ortam 6zellikleri belirlenmistir.
Tarihsel verilerden de yararlanilarak alanin son 7000 yillik
donemine ait paleocografya haritalart  olusturulmustur
(Hocaoglu, 2003; Oner vd., 2002a, Oner vd., 2002b; Oner vd.,
2003; Oner vd., 2005a; Oner vd., 2005b; Oner, 2016a; Oner,
2016b; Oner vd., 2019). Bu calismada delgi sondajlardan alman
sediman orneklerin sedimantolojik (graniilometrik ve element
analizleri) ve paleontolojik analizlerinin yapilmasi ve Gozliikule
Hoyiigi cevresinde meydana gelen cografi cevre degisikliklerinin
bu analizler 1s181nda yeniden degerlendirilmesi amaglanmistir.

T e
1707 A SO B

e
- Aliaga .

Yenicay
ek

0 2 4 6 Km

2. MATERYAL VE YONTEM

Tarsus Ovasi ve Gozliikule Hoyliglinlin dogal ¢evresi biiyiik
Olciide son buzul maksimumundan (20.000 y1l 6ncesi) giiniimiize
kadar meydana gelen deniz seviyesi-kiy1 ¢izgisi degismeleri ve
Orta Holosen’den itibaren 6n plana gegen aliivyal bogulma
siirecleri ile zaman icinde degisiklige ugramistir. Gerek deniz
seviyesi-kiy1 ¢izgisi degigmeleri gerekse de aliivyal bogulma ile
kiyr bolimiinde meydana gelen ortam degismelerinin
belirlenmesi ancak gen¢ sediman birikimlerinin i¢ 6zelliklerinin
incelenmesiyle miimkiin olabilmektedir. Bu amagla Gozliikule
Hoyiigi arkeoloji projesi kapsaminda 6nceki yillarda (Hocaoglu,
2003; Oner vd., 2002a, 2002b, 2002c, 2003, 2005a, 2005b)
Tarsus Ovasi ve Gozlikkule Hoytligl ¢evresinde yapilmis (Sekil
2) sondajlardan alinan ve boliim laboratuvarimizda hassas bir
sekilde korunan sediman ornekleri yeni analizler ig¢in
kullanilmustir.

Sondajlarin farkli derinliklerden 300 adet Ornegin lazer
kirinimli tane boyu analizi, 145 adet 6rnegin X-Isint Floresanst
yontemiyle element  analizleri, Karbon-Nitrojen-Siilfiir
analizleri, Toplam Karbon ve Toplam Inorganik Karbon
analizleri ile 140 adet 6rnegin paleontolojik analizleri yapilmistir.
Ayrica EU BAP projesi destegi ile Tiibitak MAM tarafindan
farkli derinliklere ait 5 kavki orneginin RC14 tarihlendirmesi

yapilmistir (Tablo 1). Bu analizlerin sonuglart yukarida sozii

Sekil 2: Tarsus Ovas1 ve Gézliikule gevresindeki DSI ve Cobra sondaj yerleri (a); Cukurova, Tarsus ve Gozliikule cevresinin uydu gériintiisii (b)
(Oner vd., 2002a, Oner vd., 2002b, Oner vd., 2003).
Figure 2: DSI and Cobra drilling locations around Tarsus Plain and Gézliikule (a); Satellite image of Cukurova, Tarsus and Gézliikule surroundings
(b) (Oner vd., 2002a, 2002b, 2003).

187



ILHAN, KARADAS, KIRALLI, VARDAR, ONER / Cografya Dergisi - Journal of Geography, 47: 183-203

edilen onceki calismalarda elde edilmis bulgular ile birlikte
degerlendirilerek  bolgenin  Holosen Paleocografyasi ile
Gozliikule ve Tarsus’un jeoarkeolojisine yeni bilimsel katkilar
saglanmustir.

Tablo 1: Tarsus Ovasi'ndaki TAR 04; TAR 06; TAR 11 numarali
sondajlarin sedimanlari icindeki kavkilardan, TUBITAK-MAM
tarafindan yapilan RC14 (AMS) tarihlendirmeleri.

Table 1: RC14 (AMS) dating by TUBITAK-MAM from shells in the
sediments of TAR 04, TAR 06, TAR 11 boreholes in the Tarsus Plain

OrnekNo  Ornek Derinligi (m) 14CYas1 (G.O.)  Ornek Tiirii
Tarsus-04 15,2-15,4 8104+34 Kavki
Tarsus-06 55-5,7 6345+33 Kavki
Tarsus-06 12,35-12,5 6482+31 Kavki
Tarsus-11 35-37 4968430 Kavki
Tarsus-11 149-15 5611433 Kavki

3. SEDIMANTOLOJIK VE PALEONTOLOJIK

ANALIZLER
3.1. Element Analizleri

Element analizleri paleocografya-paleoklimatoloji ¢aligma-
larinda paleo-ortam yorumlamalari amaciyla siklikla kullanil-
maktadir (Shang, Daidu, Yin, Burr, Zhang ve Wang, 2018). Tar-
sus Ovasi’nda delta gelisimini ve bolgede yer alan eski lagiin ve
bataklik alanlarini belirlemek amaciyla 19 sondaja ait 150 6rne-
ge XRF, CNS ve CN element analizleri yapilmistir.

Cesitli ¢aligmalarda belirtildigi gibi sedimanlar i¢indeki Ti,
Fe ve Si gibi elementler karasal, Ca ise denizel kosullar1 temsil
etmektedir (Shang vd., 2018; Zabel, Schneider, Wagner, Adegbie,
de Vries ve Kolonic, 2001; Adegbie, Schneider, R6hl ve Wefer,
2003; Hanebuth ve Lantzsch, 2008). Bu c¢alismada element
analizi yapilan drneklerde Ca/K oraninin, Toplam Inorganik
Karbon (TIC) oraninin ve Ti, Mn ve Sr iceriklerinin yiiksek
oldugu seviyeler denizel birikim ortamlar1 olarak yorumlanmustir.
Bununla birlikte Cl ve Na’un yiiksek konsantrasyonlarda
bulunmasi tamamen denizel degil fakat deniz suyu etkileri ile
(lagiin) acgiklanmaktadir (Vott, Briickner, Handl ve Schriever,
20006; Tjallingii, Rohl, Kolling ve Bickert, 2007; Pechlivanidou
vd., 2014). Buna gore 6rneklerde Ca, Cl ve S oranlarinin yiiksek
oldugu seviyeler lagiiner olarak degerlendirilmistir.

Lagiiner ortamlar zaman i¢inde karadan taginan sedimanlarin
etkisiyle ortam kosullari bakimindan degisime ugrayarak kiy1
batakliklarina dontigmektedir. Kiy1 batakligi ortamlarinda Fe,
Mn, Al ve TOC konsantrasyonu fazladir; Ca ise azdir ve bu,
deniz suyu girisinin azaldig1 anoksik kosullarin olustugu

anlamina gelmektedir (Stock vd., 2016; Laermanns vd., 2017,
Laermanns vd., 2021; Elschner vd., 2021). Yiiksek oranda Fe,
Mn, Al ve TOC igeren seviyeler kiyr batakliklar1 olarak
degerlendirilmigtir. Lagiiner ortamlarda Ca/K, Cl, S, TOC
oranlarmin azaldig1, Si ve TIC oranlarinin arttig1 seviyeler kumul
olusumu ile iligkilendirilmektedir (Piva vd., 2008; Koster, Vott,
Mathes-Schmidt ve Reicherter 2015; Pint vd., 2015; Seeliger
vd.,2013; Shang vd., 2018; Laermanns vd., 2017, 2021; Elschner
vd., 2021). Buna gore element analizleri sonuglarina gore Ca/K,
Cl, S, TOC oranlarinin azaldigi, Si ve TIC oranlarinin arttig1
seviyeler lagiin olusumunu saglayan, kiytr kumullar1 olarak
belirlenmistir.

Fliivyal ortamlarda taskin ovasi sedimanlar: yiiksek K orani
ve yiiksek Si/Ti oranini ile karakterize edilmektedir. Ayrica bu
gevrelerde Zr/Rb oraninin yiiksek olmasi kaba taneli sediman
tasinimini  (akarsu yatagini) yansitmaktadir (Turner, Jones,
Brewer, Macklin ve Rassner, 2015). Bununla birlikte arkeolojik
materyalin oldugu kiiltiir katman1 seviyelerinde ise sediman
icindeki TOC, Sr ve Fe konsanstrasyonu artmaktadir. Holosen
oncesi kirmizi1 paleosollerde ise toprak igindeki Fe, Mn, Al, Si ve
Ti oranlarmin yiliksek, TOC, TIC ve Ca oranlarinin da diistik
oldugu gortilmektedir (Stock vd., 2016; Laermanns vd., 2021;
Shang vd., 2018; Altmeyer, Seeliger, Ginau, Schiestl ve
Wunderlich, 2020; Riddick vd., 2022; Laermanns vd., 2017;
Elschner vd., 2021; Turner vd., 2015; Pint vd., 2015).

3.2. Sedimantolojik Analizler

Delta, taskin ve kiy1 ovalarinda, akarsularla taginan sedimanlar,
farkli ortamlar1 temsil edecek sekilde birbirleri {izerinde
istiflenmektedir. Bunedenle ayni kesit tizerindeki farkli derinliklerde
denizel, bataklik ve karasal ortami yansitan birimlerin varlig
miimkiindiir. Sedimandaki fasiyes degisimini belirlemek ve paleo-
ortamsal yorum yapilabilmek amaciyla bolgede gergeklestirilen
sondaj caligmalarindan elde edilen sediman &rnekleri {izerinde
graniilometrik analizlerin yapilmasi gerekmektedir.

Sondajlardan alinan 300 adet 6rnegin yapilan graniilometrik
analizlerinde (Sekil 3), tagkin ovasi sedimanlarini yansitan
derinliklerde tane boyu kétii ve ¢ok kotii derecelenmistir. Bununla
birlikte ortalama tane boyu 3 mikron ile 10 mikron arasinda
degistigi goriilmektedir. Ancak akarsu dinamigindeki taskinlar
nedeniyle baz1 seviyelerde ortalama tane boyu 39 mikrona kadar
cikmaktadir (Sekil 3). Eski akarsu yatagi olarak belirlenen
derinliklerde ortalama tane boyu dagilimi 800 mikrona kadar
citkmakta ve sediman yapisi ¢cok kotii derecelenme gostermektedir.

Bu seviyelerde kaba tanelerin yani sira her boy kum, silt ve kil
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Sekil 3: Tarsus Ovasinda yaptigimiz delgi sondajlara (Cobra sondajlari) ait sedimanlarin tane boyu analiz sonuglarina ait grafikler (Kiralli, 2022).
Figure 3: Graphs of the grain size analysis results of the sediments of the core drillings (Cobra drillings) in the Tarsus Plain (Kirall1, 2022).

bulunmaktadir. Bununla birlikte sediman 6rneklerinin i¢inde 2
mm’den biiyiik graniil boyutunda tas ve akarsu cakillart da tespit
edilmistir. Turba katmaniyla temsil edilen m’lerde ortalama tane
boyu 4 mikronla killi/siltli 6zelliktedir (Sekil 3).

Denizel ortami yansitan seviyelerde sedimanin ortalama tane
boyu 50 mikron olup sediman kaba siltli yapida ve kotii
derecelenme gostermektedir (Sekil 3). Lagiiner ortamda ise
ortalama tane boyu 200 mikronla ¢ok ince kumlu bir yaprya
biiriinmektedir. Bununla birlikte sedimandaki kotii derecelenme
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16
Sekil 4: Paleontolojik analizler sonucunda bulunan baskin ostrakodlar.
Figure 4: Ostracod species determined as a result of paleontological analysis.

(1.4rgilloecia sp.; 2.Basslerites berchoni; 3.Carinocythereis carinata; 4.Candona parallela pannonica; 5.Carinocythereis rhombica; 6.Cyprideis
torosa; 7.Cytheridea neapolitana; 8.Cytherois sp.; 9.Cytheretta adriatica; 10.Hemicyterura sp.; 11.Loxoconcha bairdi; 12.Loxoconcha elliptica;
13.Hiltermannicythere rubra; 14.Hiltermannicythere turbida; 15.Semicytherura incongruens; 16.Semicytherura sp.; 17.Pseudocandona sp.;
18.Loxoconcha sp.; 19.1lyocypris sp.) (Kiralli, 2022).

2 0,25 mm E 0,25 mm

0,50 mm

0,25 mm

27

Sekil 5: Paleontolojik analizler sonucunda bulunan baskin foraminiferler.

Figure 5: Foraminiferal species determined as a result of paleontological analysis. (1.Adelosina cliarensis; 2.Adelosina mediterranensis;
3.Adelosina sp.; 4.Ammonia compacta, 5.Ammonia sp.; 6.Ammonia tepida; 7.Bolivina sp.; 8.Brizalina sp.; 9.Bulimina sp.; 10.Challengerella bradyi;
11.Cribroelphidium sp.; 12.Dentalina sp.; 13.Elphidium advenum, 14.Elphidium complanatum; 15.Elphidium crispum; 16.Elphidium macellum;
17.Elphidium sp.; 18.Echinoid sp.; 19. Globigerina sp.; 20.Neoponides bradyi; 21.Neoponides sp. 22.Nonion depressulum; 23.Nonion sp.;
24.Orbulina sp.; 25.Peneroplis sp.; 26.Rosalina bradyi; 27.Spiroloculina sp.; 28.Textularia sp.; 29.Triloculina sp.; 30.Triloculina marioni;
31.Quinqueloculina sp.; 32.Quinqueloculina seminula) (Kiralli, 2022).

190



iILHAN, KARADAS, KIRALLI, VARDAR, ONER / Cografya Dergisi - Journal of Geography, 47: 183-203

0,50 mm

Sekil 6: Paleontolojik analizler sonucunda bulunan baskin mollusklar.
Figure 6: Mollusc species determined as a result of paleontological analysis
(1.4bra sp.; 2.Bittium sp.; 3.Cardium sp.; 4.Gyraulus sp.; 5.Hydrobia sp.; 6.0Operculum, 7.Parvicardium sp.; 8.Planorbis sp.; 9.Pisidium sp.;
10.Rissoa sp.; 11.Setia sp.; 12.Tellina sp.; 13.Tricolia sp.; 14.Valvata sp.) (Kiralli, 2022).
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Sekil 7: Tarsus Ovasinda yaptigimiz sig sondaj loglar1 (Cobra sondajlari) (solda) ve ovanin aliivyal stratigrafisini gosteren kuzey-giiney dogrultulu
kesitleri (Oner vd., 2005a; Oner vd., 2005b’den aliarak giincellenmistir).
Figure 7: Shallow core drilling logs (Cobra boreholes) (left) we made in the Tarsus Plain and north-south stratigraphy of the plain showing the
alluvial stratigraphy (Updated from Oner vd., 2005a; 2005b).

devam etmektedir. Lagiiner ortami temsil eden siltli-killi laminalar
sondaj logunda goriilmekte, ancak bunlar analiz sonuglarina
yansimamaktadir. Laminalardaki farkliligin belirlenmesi icin daha
sik araliklarla 6rneklerin incelenmesi gerekmektedir.

3.3. Paleontolojik Analizler

Sondajlardan alinan sediman o6rnekleri fosil igerikleri
bakimindan birikme ortamlarint yansittig1 icin paleo-ortam
calismalaria &nemli katkilar saglamaktadir. Ozellikle delta
alanlarinda ve akarsu agizlarina karsilik gelen bolgelerde denizel
ve karasal kosullara ait siirecler ardigik olarak devam etmektedir.
Bu nedenle fasiyes degisimlerini belirlemede paleontolojik
analizlerin 6nemi oldukca fazladir (Siir ve Oner, 2014).

Bu ¢alismada sondajlardan alinan 150 adet sediman &rnegi
makro ve mikro fosil igerigi agisindan ayrmtili olarak
incelenmistir. Incelenen seviyelerde bulunan Foraminifer,
Ostrakod ve Mollusklarin ortam belirlemedeki rollerinden
yararlanilmigtir (Sekil 4, 5 ve 6).

4. DELGi SONDAJLARIN DEGERLENDIRILMESI

4.1. TAR 01; TAR 02; TAR 03; TAR 08 ve TAR 09
Numarali Sondajlar

Gozlikule yakin cevresinde yapilan sondajlarda karasal
sedimanlar gozlenmis olup hoylgiin oturdugu yiizey ve ilk
yerlesme ylizeyleri belirlenmistir. Hoyligiin giineyinde yapilan
TAR 01, 02, 03 ve 09 ile dogusunda yapilan TAR 08 numaralt
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sondajlarda karasal sedimanlar kat edilmistir. Biitiin bu
sondajlarda en altta cakilli akarsu yatak sedimanlari tizerinde
siltli tagkin sedimanlart yer almistir. Cakilli birim {izerine gelen
tagkin sedimanlar1 iginde TAR 09 sondajinda oldugu gibi yer yer
3 m kalinliktaki katman i¢inde seramik parca ve kirmtilart yer
almis olup bunlar kiiltiir katmani olarak Gozlikkule hoytigiiniin
yerlesildigi ve yasamin devam ettigi seviyelerle korele edilmistir.
Cakilli yatak sedimanlart ise hoyiigiin akarsu yakinlarinda ve
ayn1 zamanda kalis karakterli bir zeminde kuruldugunun
ifadesidir (Sekil 3 ve 7).

4.2. TAR 10; TAR 13; TAR 14; TAR 16 ve TAR 18
Numaral Sondajlar

Gozliikule hoyiigiiniin biraz uzak ¢evresindeki ova alaninda
yapilan bu sondajlarda da yine karasal ortamlar yer almistir.
Bunlarin bazilarinda, TAR 10 ve 18 numarali sondajlarda oldugu
gibi tagkin ovasi sedimanlari ve ¢akilli seviyelerin altinda kirmizi
killi paleosoller ya da birikinti konisi materyalleri bulunmustur.
Bu birimler yiiksek kesimlerin eteklerinde ve kuzeye dogru ova
sedimanlarinin {izerinde yiizeyde gozlenmektedir. Bunun
yaninda Tarsus Ovast dogusunda yapilan TAR 13 ve 14
sondajlarinda 17 m’lere kadar inilmesine karsilik tagkin ovasi ve
kiy1 batakligi sedimanlar1 gecilmistir. Bu kesimde kiy1 ¢izgisi
TAR 14 sondaj noktasinin giineyinde bulunmus olmalidir (Sekil
3ve7).

4.3. TAR 04 Nolu Sondaj

TAR 04 nolu sondajdan elde edilen sedimanlara lazer kirinim
yontemi kullanilarak tane boyu analizi, XRF ve CNS/CN
analizleri yapilmigtir. Buna ek olarak ortam yorumlamasinin
yapilabilmesi i¢in paleontolojik analizler gerceklestirilmistir.
Bunun yaninda sondajin 15,2-15,4 m derinliginden alinan kavk1
orneklerine RC14 tarihleme analizi yaptirilmistir (Tablo 1).

Analiz sonuglarina gére 20 m ile 19,3 m arasi birim, Holosen
Oncesi birikinti konileri tizerinde yer alan kirmizi paleosollerdir.
Bu seviyeye ait herhangi bir fosile rastlanilmamistir. Sondajin
19,3 m ile 17,9 m araliginda, turba katmaniyla temsil edilen
derinliklerde basta TOC degerinde ve daha sonra sediman
icindeki Fe, Al, Mn ve Ni oranlarinda artig gdzlenmistir. Ortalama
tane boyu 4 mikrondur. Paleontolojik analizlerin sonucunda
taginmis oldugunu belirledigimiz Bolivina sp. ve Globigerina sp.
fosilleri tespit edilmistir. /lyocypris sp., Candona parallela
pannonica, Rissoa sp., Elphidium sp., Cyprides torosa, Rissoa
sp., Operculum, Ventrosia ventrosa belirlenen diger fosillerdir
(Sekil 8).

Bu noktada, 17,9 m ile 15 m arasindaki sedimanlar sig
denizel ortami yansitmaktadir. Turba katmanindan sig denizel
katmana gecis Ozelligi yansitan, act su ortaminda yasayan
Cyprides torosa ve denizel ortamda yasayan Ventrosia ventrosa
fosilleri dikkati cekmektedir. Elphidium complanatum, Ammonia
tepida, Ammonia sp., Ammonia tepida, Ammonia sp. Nonion sp.,
Dentalina sp., Karreriella sp., Neoponides sp., Quinqueloculina
seminula, Elphidium sp., Nonion depressulum, Ammonia
beccarii, Ammonia compacta, Textularia sp., Lobaluta lobaluta,
Leptocythere sp., Valvata sp., Ventrosia ventrosa fosilleri
saptanmugtir. Ayni sekilde bu birimde de rdmaniye fosiller olarak
pelajik kokenli Bolivina sp., Globigerina sp., Orbulina sp. gibi
orneklere rastlanmistir. Sediman igerigindeki Ca/K oraninin yant
stira TIC oraninin da yiiksek olmasi denizel sedimanlarin hakim
oldugunu agiklamaktadir. Zr/Rb oranmnin yiiksek olmasi ise
kumlu materyalin biriktigini gostermektedir. Sediman 4,5
mikron degeri gostermistir (Sekil 3). Radyokarbon analiz
sonuglarina gore gliniimiizden 8100 yil dnce burada 15 m’ye
kadar s1g denizel bir ortamin var oldugu anlasilmistir (Tablo 1;
Sekil 8).

Sondajin 15 m’den 6 m’ye kadar olan derinlik, kiy1 bataklig1
seklinde bir sulak alanin varligint géstermistir. Ca/K orani diisiik
olmasma karsin TOC, Fe, Ni, Ti ve Mn oranlarinin yiiksek
olmas: buradaki sedimanlarin bataklik karakterinde oldugunu
gostermektedir. Birim i¢inde Ammonia tepida, Ammonia sp.,
Ammonia beccarii, Candona parallela pannonica, Candona sp.,
Cypridopsis sp., Leptocythere sp., Cyprides torosa, Leptocythere
bituberculata, Operculum, Valvata sp., Rissoa sp., Gyraulus sp.,
Chara oogonium, Setia sp., Ventrosia ventrosa fosilleri
tanimlanmistir (Sekil 3 ve 8). Denizel-ac1 ve tatl su karakterli
canlilarin yagsamis oldugu bu sulak alanin kiyiya yakin ya da
denizel siireclerden hala etkilenen bir ortam oldugunu
gostermigtir. Bu birimde Globigerina sp., Orbulina sp. gibi
taginmig romaniye fosillere de rastlanmaistr.

Sondajin 6. m’sinden yani yaklagitk glnliimiiz deniz
seviyesinden bugiinkii yiizeye kadar olan derinlik taskin ovasi
sedimanlarin1 yansitmaktadir. Ancak 3,8 m’den 1 m’ye kadar
olan derinligin eski akarsu yatagini temsil ettigi anlagilmaktadir.
Bu birim i¢inde de ac1 su ve denizel fosillerin yer almasi, hala
kiyidaki sulak alanin etkilerinin zaman zaman buray1 da etkilemis
oldugunun isaretidir. Yakin zamana kadar Aynaz batakliginin
ovadaki varligi, sulak alanin uzun siire bu noktada da devam
ettigini gostermektedir (Sekil 3 ve 8).
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Sekil 8: TAR 04 ve TAR 06 numaral1 sondajlara ait sedimanlar, ortam yorumu ve incelenen derinliklerde bulunmus fosiller (Oner vd., 2002a; Oner
vd., 2002b; Oner vd., 2003; Kirall1, 2022).
Figure 8: Sediments, environment interpretation and fossils found at the investigated depths of core drilling TAR 04 and TAR 6 (Oner vd., 2002a;
Oner vd., 2002b; Oner vd., 2003, Kwralli, 2022).

4.4. TAR 05 Nolu Sondaj

Sondajimn 14 m ile 12,5 m aras1 Holosen Oncesi birikinti
konileri lizerinde olusan kirmizi paleosol katmanidir. Ortalama
tane boyu 40 mikrondur ve 3,5 mikron ile kétii derecelenmistir.
Ayrica bu derinlikte herhangi bir fosil tespit edilmemistir. Bunun
yaninda 12,6 m’den itibaren i¢inde yer yer turba birimlerin
bulundugu sulu bataklik 6zelliginde bir ortamin varligi
gozlenmistir. Bataklik karakterindeki karasal s1§ su ortami 1,8
m’ye kadar devam etmistir. Bu birimde Ammonia tepida,
Textularia sp., Dentalina sp., Globigerina sp., Echinoid sp.,
Candona parallela pannonica, Pseudocandona sp., Ilyocypris
bradyi, Argilloecia sp., Candona sp., Hydrobia sp., Valvata sp.,
Rissoa sp., Gyraulus sp., Operculum, Chara oogonium fosilleri
belirlenmistir. Textularia sp., Globigerina sp., Dentalina sp. gibi
rastladigimiz fosiller, daha 6nce fosillesen ve ayrisan anakayadan
buraya tasinmis romaniye fosillerdir. Ammonia sp.de her tiirli
tuzluluk sartina uyabilir. Bunlarin digindaki digerleri kiy1
bataklig1, act su, tatli su ortamini temsil etmektedir. Daha sonraki

1,8 m ile yiizeye kadar olan derinlik tagkin ovasi sedimanlarini
temsil etmektedir. Tarsus Ovasinin kuzeyindeki bu sondaj
noktasina Holosen Transgresyonu ile yiikselen denizin
sokulamadig1 anlasilmis olup, kiy1 ¢izgisi bu noktanin glineyinde

kalmustir.

4.5. TAR 06 Nolu Sondaj

TAR 06 sondajindan alinan sediman Orneklerinin yapilan
analiz sonuclarma goére 13 m’den 10 m’ye kadar sediman s1g
denizel/lagliner ortami1 yansitmaktadir (Sekil 3 ve 8). Yiizeyden
5,5-5,7 mile 12,35-12,5 m seviyelerinden yapilan RC14 analiz
sonuglarina gore giiniimiizden yaklagik 6480 yil Oncesinde
denizin bu noktaya ilerlemis oldugu anlasilmistir (Tablo 1). TIC
ve Ca oraninda bir artis goriilmektedir. Ayrica bu seviyelerde
Ammonia sp., Ammonia tepida, Adelosina cliarensis, Globigerina
sp., Echinoid sp., Dentalina sp., Adelosina sp., Challengerella
bradyi, Elphidium sp., Elphidium advenum, Elphidium
complanatum, Nonion sp., Neoponides sp., Neoponides bradyi,
Orbulina sp., Peneroplis sp., Triloculina sp., Triloculina marioni,
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Ouinqueloculina seminula, Setia sp., Hiltermannicythere rubra,
Cyprideis torosa, Semicytherura incongruens, Bittium sp.
Pisidium sp. fosilleri tespit edilmistir (Sekil 8).

Sondajimn 10 m’den 3,6 m’ye kadarki sediman o6zellikleri
lagiiner ortam1 yansitir. Bu seviyelerde denizel ortamda yasayan
fosillerle beraber aci su ortaminda yasayan fosillerin bir arada
bulundugu tespit edilmistir. Bu seviyede Ca orani yiiksektir olup
Ammonia sp., Ammonia tepida, Ouinqueloculina seminula,
Elphidium sp., Neoponides sp., Elphidium advenum, Cyprideis
torosa, Quinqueloculina sp., Echinoid sp., Globigerina sp.,
Orbulina sp., Argilloecia sp., Chara oogonium, Operculum,
Valvata sp. fosilleri belirlenmistir (Sekil 8). Bununla birlikte
6,75 mile 5,75 m arasinda bulunan turba karakterli bol organik
icerikli sedimanin varlig1 bataklik ortami yansitir ve olas1 bir
deniz seviyesi algalmasini ve karalagsmay1 ifade eder. Bu birimde
Argilloecia sp., Chara oogonium, Valvata sp., Globigerina sp.,
Ammonia tepida, Candona parallela pannonica fosilleri bir
arada bulunmaktadir. Bununla birlikte bu seviyelerde sediman
icindeki TOC, S, Fe ve Mn konsantrasyonunun fazla olmasi
anoksik kosullarin olustugu anlamina gelmektedir. Sonraki 5,75
ile 3,6 m arasinda lagiliner ortamin yeniden devam etmesi deniz
seviyesinin yeniden yiikseldigini gosterirr RC14 analiz
sonuclarina gore bu donem giliniimiizden yaklasik 6340 yil
Oncesi tarihi vermistir. Bu seviyede, K orani azalmakta ve Ca ve
TIC oranlar1 denizel ortamin etkisiyle artis gostermektedir.
Denizel/Lagiiner siireci Ouinqueloculina sp., Elphidium sp.,
Neoponides sp., Ammonia sp., Ammonia tepida, Elphidium
complanatum, Rosalina bradyi fosilleri ifade etmektedir (Sekil
8). Sondajin 3,6 m’den ylizeye kadar taskin ovasi sedimanlari
bulunmaktadir. Ammonia sp., Ammonia tepida, Peneroplis sp.,
Bolivina sp., Candona parallela pannonica, Globigerina sp.
fosilleri bulunmus olup yakin zamana kadar mevcut Aynaz
batakligina ait sulak alani yansitmaktadirlar (Sekil 9).

4.6. TAR 11 Nolu Sondaj

TAR 11 sondajindan elde edilen sediman &rneklerinin analiz
sonuglarina gore 15 m’den 11,25 m’ye kadar olan derinlik s1§
denizel ortam1 temsil etmektedir (Sekil 3). RC14 analiz sonuglarina
gore gliniimiizden yaklasik 5600 yil 6nce bu nokta denizel bir
ortamdir (Sekil 7, 12; Tablo 1). Sediman i¢indeki TIC, Zr, Ti, Mn
ve Sr igerikleri yiiksektir. Sedimanin ortalama tane boyu 50
mikronla kaba siltli bir yapidadir (Sekil 9). Bu seviyelerdeki
sedimanlar icinde Adelosina mediterranensis, Ammonia sp.,
Ammonia tepida, Bulimina sp., Challengerella bradyi, Dentalina
sp., Elphidium advenum, Elphidium macellum, Elphidium sp.,
Globigerina sp., Neoponides bradyi, Neoponides sp., Nonion
depressulum, Nonion sp., Orbulina sp., Quinqueloculina seminula,

Quinqueloculina  sp., Textularia sp., Triloculina marioni,
Upvigerina sp., Basslerites berchoni, Cyprideis torosa, Loxoconcha
sp., Semicytherura incongruens, Semicytherura sp., Bittium sp.,
Echinoid sp. fosil tiirleri tespit edilmistir (Sekil 9).

TAR 11 nolu sondajin 11,25 m’sinden 3,6 m’ye kadar lagiiner
ortam mevcuttur. Sedimanlardaki CI ve Ca oranlari ise lagiin
ortaminin olustugunu desteklemektedir. Sondajin 7,6 ile 8 m’leri
arasinda bataklik olusmustur ki bu seviyede S, Fe ve TOC
oranlari en yiiksek seviyeye ulagmaktadir.

4.7. TAR 12 Nolu Sondaj

TAR 12 nolu sondajin analizleri sonucunda 18 m’den 11,45
m’ye kadar olan derinlik s1g denizel ortamdir (Sekil 3). Denizel
etki nedeniyle TIC orani yiiksektir. Bu seviyelerde Adelosina
mediterranensis, Ammonia sp., Ammonia tepida, Bulimina sp.,
Echinoid sp., Nonion sp., Triloculina marioni, Quinqueloculina
seminula, Carinocythereis carinata, Semicytherura incongruens
ve Setia sp. fosilleri tespit edilmistir.

Denizel fosillerle birlikte aci su ortaminda yasayan fosiller
bir arada bulunmaktadir. Adelosina cliarensis, Adelosina
mediterranensis, Ammonia compacta, Ammonia sp., Ammonia
tepida, Bolivina sp., Brizalina sp., Bulimina sp., Challengerella
bradyi, Cribroelphidium sp., Dentalina sp., Elphidium advenum,
Elphidium complanatum, Elphidium crispum, Elphidium
macellum, Elphidium sp., Fissurina sp., Globigerina sp.,
Karrerialla sp., Neoponides bradyi, Neoponides sp., Nonion
depressulum, Nonion sp., Orbulina sp., Peneroplis sp.,
Quinqueloculina seminula, Quinqueloculina sp., Rosalina
bradyi, Textularia sp., Triloculina marioni, Triloculina sp.,
Uvigerina sp., Basslerites berchoni, Carinocythereis carinata,
Carinocythereis rhombica, Cyprideis torosa, Hemicytherura sp.,
turbida,
Loxoconcha bairdi, Semicytherura incongruens, Semicytherura

Hiltermannicythere  rubra,  Hiltermannicythere
sp., Bittium reticulatum, Bittium sp., Chrysallida sp., Gyraulus
sp., Planorbis sp., Rissoa sp., Tricolia sp., Valvata sp., Abra sp.,
Cardium sp. bu seviyede saptanan fosillerdir (Sekil 9).

Sondajin 11,45 m’den 3,45 m’ye kadar olan derinlikte
lagiiner ortama ait sedimanlar mevcuttur. Lagliniin varligini
gosteren Onemli unsurlardan biri sediman igerigindeki Cl
oranidir. Buna ek olarak S, Fe ve TOC konsantrasyonlar1 bolgede
anoksik kosullarin yasandigini gostermektedir. Bu seviyelerde
saptanan fosiller bolgede lagiin varligini kanitlamaktadir. Hem
ac1 suda hem de denizel ortamda yasayan fosiller belirlenmistir
ki bu da bolgenin stabil kalmadigin1 gostermektedir. Adelosina
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Sekil 9: TAR 11 numarali sondaja ait sedimanlar, ortam yorumu ve incelenen derinliklerde bulunmus fosiller (Oner vd., 2002a; Oner vd., 2002b;
Oner vd., 2003; Kiralli, 2022).
Figure 9: Sediments of drilling TAR 11, interpretation of the environment and fossils found at the investigated depths (Oner vd., 2002a, Oner vd.,
2002b; Oner vd., 2003; Kiralli, 2022).

cliarensis, Ammonia sp., Ammonia tepida, Dentalina sp.,
Echinoid sp., Nonion sp., Nonion depressulum, Triloculina
marioni, Quinqueloculina seminula, Basslerites berchoni,
Cyprideis torosa, Hiltermannicythere turbida, Dosinia lupinus
fosilleri belirlenmistir.

Sondajda 3,45 m’den 1,4 m’ye kadar olan derinlikte eski kiy1
kumullar1 yer alir. Cl, S, TOC oranlar1 azalmakta, Si ve TIC
oranlart artmaktadir. Ortalama tane boyu 220 mikronla ince
kumludur (Sekil 3). Bu seviyelerde tespit edilen fosiller sunlardir:
Ammonia sp., Ammonia tepida, Cyprideis torosa. Yizeyden 1,4
m’ye kadar olan derinlikte ise tagkin ovasi sedimanlart bulunur.
Bu seviyede Cyprideis torosa ve tasmarak geldigi diisiiniilen
Setia sp. fosilleri belirlenmistir. Bu sondajmin bulundugu
noktada Holosen Transgresyonu ile birlikte denizel ortam haline
geldigi, once agik denizle baglantili s1ig denizel ortam, daha
sonra kiy1 oklarinin gelismesine bagl lagiiner ortam oldugu ve
kiyr kordonlar1 ve bunlarin geliserek lagiiner ortamin
kapanmasina kadar varligini korudugu, son asamada ise ince bir
tagkin sedimani altinda kry1 kumullarinin bu noktay1 kapladigi
anlasilmistir. Tagkin sedimanlari ise Aynaz batakligi olarak yakin
zamana kadar var olan sulak alanin drenaji ile yiizeyde kalan
altivyonlardir.

4.8. TAR 15 Nolu Sondaj

Sondajin analiz sonuglarina gére 18 m’den 9 m’ye kadar olan
derinlik si1g denizel ortamdir. Ortalama tane boyu 50 mikronla
kaba siltli ve 70 mikronla ¢ok ince kumlu bir yapidadir (Sekil 3).
Ammonia sp., Adelosina cliarensis, Adelosina mediterranensis,
Ammonia tepida, Challengerella bradyi, Dentalina sp., Echinoid
sp., Elphidium sp., Elphidium advenum, Elphidium complanatum,
Neoponides  bradyi, Nonion depressulum, Nonion sp.,
Globigerina sp., Orbulina sp., Triloculina sp., Triloculina
marioni, QOuinqueloculina sp., Quinqueloculina seminula,
Carinocythereis carinata, Leptocythere sp., Cyprideis torosa,
Basslerites berchoni, Hiltermannicythere rubra, Semicytherura
incongruens, Loxoconcha sp., Bittium sp. Bittium reticulatum ve
Rissoa sp. paleontolojik analizler sonuncunda tanimlanan
fosillerdir (Sekil 10).

TAR 15 nolu sondajin 4 m’lere kadar olan iist boliimi ise
lagiiner ortam &zelliginde olup 10,6 m, 9,4 m ve 8,8 m’lerinde
bataklik sedimanlar1 gegilmistir. Bu seviyeler arasinda; Ammonia
sp., Ammonia tepida, Adelosina sp., Challengerella bradyi,
Dentalina sp., Echinoid sp., Elphidium advenum, Nonion
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depressulum, Nonion sp., Neoponides bradyi, Globigerina sp.,
Orbulina sp., Triloculina marioni, Ouinqueloculina seminula,
Quinqueloculina sp., Carinocythereis carinata, Cyprideis
torosa, Loxoconcha sp., Loxoconcha elliptica, Semicytherura
incongruens, Bittium sp., Bittium reticulatum, Rissoa sp.,
Vermetid, Valvata sp., Setia sp. ve Cardium sp. fosilleri
saptanmustir (Sekil 10).

Yiizeye dogru 4 mile 2 m’ler arasinda ortam kiy1 batakligina
doniismistiir. Bu seviyeler arasinda belirlenen fosiller Nonion
depressulum, Ammonia tepida, Loxoconcha sp., Candona sp.
Ilyocypris sp., Ilyocypris gibba, Pseudocandona sp., Valvata sp.,
Chara oogonium ve Operculum olup aci su ortamini yansitirlar
(Sekil 10). Yiizey ile 2 m arasindaki birim taskin ovasi
sedimanlaridir. Ortalama tane boyu 5 mikronla siltlidir. Bu
seviyede Ilyocypris sp., Valvata sp., Chara oogonium ve
Candona parallela pannonica, Candona sp., Operculum fosilleri
belirlenmistir. Buna gore Tarsus ¢ayinin giiniimiizdeki yataginin
dogusundaki kesimde de denizel ve lagliner ortamlarin var
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oldugu anlagilmaktadir. Yakin zamanlara dogru ise Seyhan
Irmagmin akiginin batiya dogru yonelmesiyle bu ortamlarin
nispeten bu kesimde daha hizli aliivyal bogulmaya ugrayip
kapandigi diistiniilebilir (Sekil 10).

4.9. TAR 17 Nolu Sondaj

Sondajin analiz sonuglarina gére 15 m ile 9,45 m arasi sig
denizel ortami yansitmaktadir. Ortalama tane boyu 50 mikronla
kaba siltlidir. Bu seviyelerde Ammonia sp., Ammonia tepida,
Adelosina cliarensis, Challengerella bradyi, Dentalina sp.,
Elphidium sp., Nonion depressulum, Elphidium advenum,
Neoponides sp., Textularia sp., Bacuniella sp., Cytheretta
adriatica, Carinocythereis carinata, Hiltermannicythere rubra,
Hiltermannicythere turbida, Semicytherura sp., Semicytherura
incongruens, Gyraulus sp., Setia sp. fosilleri tespit edilmistir.
Sondajin 9,45 ile 2,75 m’si arasi bitkisel organik laminalarin
bulundugu lagiiner ortami temsil etmektedir. Bu seviyelerde
denizel ortamda yasayan canlilarin yani sira act su ortaminda
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Sekil 10: TAR 15 numarali sondaja ait sedimanlar, ortam yorumu ve incelenen derinliklerde bulunmus fosiller (Oner vd., 2002a; Oner vd., 2002b;
Oner vd., 2003; Kiralli, 2022).
Figure 10: Sediments of drilling TAR 15, interpretations of the environment and fossils found at the investigated depths (Oner vd., 2002a; Oner vd.,
2002b; Oner vd., 2003; Kirall, 2022).
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yasayan canlilarin fosilleri de bulunmaktadir. Bu durum lagiin
ortamimin degisken yapisina uygundur. Ammonia tepida,
Adelosina cliarensis, Challengerella bradyi, Elphidium sp.,
Elphidium advenum, Globigerina sp., Neoponides sp., Nonion
depressulum, Quinqueloculina sp., Quinqueloculina sp.,
Cyprideis torosa fosilleri saptanmistir. Sondajin yaklasik
bugiinkii deniz seviyesinden yiizeye kadar olan kisim gri-
kahverenkli ince-¢ok ince kumlu kismi kiy1 kumullar ve st 1
m’lik boliimii ise siltli tagkin ovasi sedimanlaridir. Gerek
eoliyen olarak taginan taneler seklinde gerekse eski sulak
Aynaz bataklig1 sulak alaninin Tatlisu fosilleri olarak Valvata
sp., Ammonia sp., Globigerina sp. ve Orbulina sp. fosilleri
tespit edilmistir.

TAR 17 sondaji da diger TAR 11 ve TAR 12 sondajlart gibi
Holosen Transgresyonu ile birlikte denizel ortam haline gelen,
daha sonra kiyr oklarinin gelismesine bagl lagiiner ortama
doniisen bir yerdir. Lagiiner ortamin kapanmasina kadar varligini
koruyan ve son agamada kiy1 kumullarinin bu noktay1 kapladigi
anlagilmistir. Tagkin sedimanlar1 da Aynaz batakligi sulak alanin
drenaj ile yiizeyde kalan aliivyonlardir.

4.10. TAR 19 Nolu Sondaj

TAR 19 sondajinda 14 m ile 10,65 m aras1 s1g denizel ortamla
temsil edilmektedir. Bu seviyede Adelosina sp., Adelosina
cliarensis, Ammonia sp., Ammonia tepida, Echinoid sp., Elphidium
sp., Elphidium advenum, Nonion sp., Neoponides bradyi, Nonion
depressulum, Spiroloculina sp., Triloculina marioni, Textularia
sp., Ouinqueloculina sp., Aurila speyeri, Basslerites berchoni,
Cyprideis torosa, Carinocythereis carinata, Cytheretta adriatica,
Cytheretta adriatica, Hiltermannicythere rubra, Ilyocypris sp.,
Loxoconcha sp., Semicytherura sp., Semicytherura incongruens,
Tellina sp., Bittium sp. fosilleri bulunmustur. Sondajin 10,65 m ile
4,5 m arasindaki sedimanlar lagliner ortami temsil etmektedir. Bu
birim i¢inde Adelosina sp., Adelosina cliarensis, Ammonia sp.,
Ammonia tepida, Bolivina sp., Bulimina sp., Challengerella
bradyi, Dentalina sp., Elphidium sp., Elphidium advenum,
Elphidium complanatum, Neoponides bradyi, Nonion sp., Nonion
depressulum, Spiroloculina sp., Triloculina sp., Triloculina
marioni, Textularia sp., Quinqueloculina sp., Quinqueloculina
seminula, Aurila speyeri, Basslerites berchoni, Cyprideis torosa,
Carinocythereis carinata, Cytheretta adriatica, Cushmanidea
turbida, Cytheretta adriatica, Hiltermannicythere rubra,
1lyocypris bradyi Ilyocypris sp., Loxoconcha elliptica, Loxoconcha
sp., Semicytherura sp., Semicytherura incongruens, Abra sp.,
Cardium sp., Parvicardium sp., Rissoa sp., Setia sp., Tellina sp.,
Vermetid, Valvata sp., Bittium sp. fosilleri tespit edilmistir.

Sondajin 4,5 m ile 2,2 m arasi ise kiy1 bataklig1 ortamini temsil
etmektedir. Ust boliimde 2,4 m’den yiizeye kadar olan derinlik ise
tagkin ovasi sedimanlaridir (Sekil 3).

TAR 19 nolu sondajinin bulundugu noktada si1g denizel ve
lagiiner ortamlarini igerdigi gézlenmistir. Bu kesimde yaptigimiz
TAR 6, TAR 11, TAR 12, TAR15, TAR 17 ve TAR 19 sondajlari,
Tarsus ya da diger adryla Berdan Ovasinin bu boliimiinii Holosen
Transgresyonu ile ilerleyen denizin kapladigini ve sonrasinda
tarihsel anlatim ve ¢esitli kaynaklarda ifade edilen bir lagiine
donistiigiinii kanitlamigtir. Bu lagiiniin alivyal bogulma, kiy1
kordonlarinin gelismesi, buradan da beslenen eoliyen unsurlarla
giderek once bir gol ve sulak alana sonra da direne edilerek
bugiinkii goriiniime kavustugu anlagilmistir (Sekil 11).

4.11. TAR 07 Nolu Sondaj

TAR 07 sondajda hemen yiizeyden baslayan seramik
pargalart 6 m derinlige kadar devam etmistir. Buna gore
Aliefendioglu Hoyiigiinde ilk yerlesim basladigi donemde
cevredeki yiizeyin bugiinkii deniz seviyesinden ancak 1 m kadar
ylksekte oldugu anlasilmaktadir. Biraz giineydeki TAR 04
sondajinda denizel ortama ulasildig: diistiniildiigiinde, hoytigiin
kiytya ¢ok yakin bir konumda oldugu da anlasilir (Sekil 7).

5. SONUC VE DEGERLENDIRME

Gozliikkule, Tarsus’un ilk kurulus yeri olup yerlesme tarihi
Neolitik’e kadar uzanmaktadir. Yaklasik son 10.000 yillik
donemde bolgedeki deniz seviyesi ve deniz seviyesine bagli kiy1
cizgisi degigmeleri, aliivyal bogulma siiregleri ile yoredeki
akarsu yataklarindaki kaymalar bu yerlesmelerin dogal
cevrelerini Onemli Olclide degistirmistir.  Kuskusuz bu
yerlesmeler ve oradaki insanlarin faaliyetleri bu degismelerden
etkilenmistir. Alanda yaptigimiz ve yukarida analiz sonuglartyla
birlikte aciklanan delgi sondajlarla dogal ¢evredeki degismelerin
belirlenmesi miimkiin olabilmistir (Sekil 13).

Gozlikule Hoyugi, kiyidan yaklasik 5-6 km daha kuzeyde
ve muhtemelen bir seki ya da kalis birimi lizerinde kurulmustur
(Sekil 7). Hoyiigiin batisinda ise kuzey-giiney dogrultuda Tarsus
Cay1 akmaktaydi (Sekil 13A ve 13B). Hoylk c¢evresinde
gerceklestirilen sondajlarda taskin ovasi sedimanlarinin altinda
rastlanilan ¢akilli birimler zaman zaman yer degistiren, sel
karakterli bir akarsuya ait yatak sedimanlaridir.

Holosen Transgresyonu sonlarinda Orta Holosen’de yani
glinimiizden 7-6 bin yil dncesinde kiy1 ¢izgisi kuzeye dogru
Gozlikule-Tarsus  yoniinde ulasabildigi en ug¢ noktalara
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gelmistir. Ancak ne var ki, bu donemde bile kiyr ¢izgisi
Gozlikule ve Tarsus kentinin yerlesim alanlarinin oldukca
giineyinde kalmistir. Yani Tarsus ve Gozliikule yerlesmeleri
higbir zaman direk kiyida olan yerlesmeler olmamistir (Sekil
13A ve 13B). Orta Holosen’den itibaren deniz seviyesi
ylkselmesinin yavaslayip durmasiyla birlikte, akarsularin
tagidiklart aliivyonlarla denizi doldurma siireci hizlanmistir. Bu
ilk asamada kiy1 bolimii nispeten s1§ oldugu i¢in aliivyonlarla
denizin giderek dolmus olmasi gerekir (Sekil 13A ve 13B).
Ancak uzun siire Seyhan nehrinin giiniimiizde oldugu gibi
batiya Tarsus cayina dogru akis gostermemesi gerekir. Bununla
birlikte gerek Tarsus Cay1 gerekse daha biiyiik akarsular olan
Seyhan ve Ceyhan irmaklarinin tagkinlart ve kiyiya tasidigi
sedimanlarin denizel siireclerle islenmesi sonucu kiy1 oklarinin
ilk temelleri denizel ortamda olugmaya baslamis olmalidir.
Ciinkii tarihsel kaynaklarda ovanin giineyinde bir lagiiniin
varlig1 anlatilmaktadir. Ornegin, Strabon’un ifadelerinde, milat
yillarinda Tarsus’un gilineyinde bir lagiin bulunmaktadir
(Pekman, 1991; Pismanlik ve Koéroglu, 2012). Rhegma adi

verilen bu lagiiniin kuzey kenarinda yine ayni adla bilinen bir
liman kenti kurulmustur (Pekman, 1991; Sekil 13C). Ramsay’in
Aulai olarak belirttigi bu limana gemiler yanasir yiiklerini
bosaltirlardi. Yine Ramsay’a gore daha kiigiik tekneler kent
merkezine (Tarsus) ulasabiliyordu (Zoroglu, 2000). Buradan
anlasiliyor ki, denizin en fazla karaya ilerledigi giiniimiizden
once 6000’1 yillardan 4000 yil sonra bile Tarsus giineyinde
biiyiikge bir lagiin vardi (Oz, 1998; Oziikan, 2013; Sekil 11, 12
ve 13C). Eger giiniimiizdeki sekliyle Seyhan nehri de bu yone
aksaydi s6z konusu lagiin ya da daha sonraki goliin milat
yillarina kadar ¢oktan dolmasi gerekirdi. Bu denizel ve lagiiner
ortamlarin sedimanlarina TARO04; TARO06; TARI11; TARI12;
TAR15; TAR17 ve TARI19 numarali delgi sondajlarimizda
rastlamaktayiz. Gerek sondajlar (Sekil 2) sirasindaki
gozlemlerimizle, gerekse graniilometrik (Sekil 3) ve
paleontolojik analiz sonuglarina (Sekil 4, 5, 6 ve 8) gdre bu
ortamlar ayrintili olarak belirlenmistir (Sekil 7, 8, 9, 10 ve 13).
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Sekil 11: Tarihi kaynak ve haritalarda Tarsus Ovasi ve Rhegma Lagiiniiniin gosterilisi [(Zoroglu’nun (2000) Ramsay haritasindan diizenleme (a) ve
Oz (1998) haritalar1 (b, c, d) ile sondaj sonuglarimiza gére Tarsus Caymin ovadaki eski yatak yerleri ve Rhegma Lagiiniiniin rekonstriiksiyonu (e)].
Figure 11: Representation of Tarsus Plain and Rhegma Lagoon in historical sources and maps (Zoroglu s arrangement from Ramsay s map 2000 (a),
Oz, 1998 maps (b, ¢, d) and the old bed locations of the Tarsus Stream in the plain and the reconstruction of the Rhegma Lagoon (e)).
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Sekil 12: Rhegma Lagiinii ve Tarsus Ovasinin Piri Reis (1525 tarihli) (a) ve Ramsay (1903 tarihli) (b) haritalarda gosterilisi. Rhegma Lagiiniiniin kalintist
olan ve DSI tarafindan 1958-1969 yillari arasinda kurutulup tarima agilan aynaz batakligi/géliiniin IECO firmast raporundaki haritasi (c). Eski Tarsus’un
limani olarak ifade edilen Rhegma’dan bugiinkii modern Mersin limanima dogru olan gelisim siireci (Rother, 1997°den diizenleme) (d).
Figure 12: Representation of Rhegma Lagoon and Tarsus Plain on maps by Piri Reis (dated 1525) (a) and Ramsay (dated 1903) (b). Map (c) of the
1ECO company report of the marsh swamp/lake, which is the remnant of the Rhegma Lagoon and was dried and opened for agriculture by DSI
between 1958-1969. The development process from Rhegma, which is expressed as the port of old Tarsus, to today s modern Mersin harbor (edit from

L. Rother, 1997) (d).
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Sekil 13: Tarsus Ovasi ve yakin ¢evresinde giiniimiizden 6nce 7000-6000 (A), 4000 (B), 2000 (C), 1000 (D), 200 (E) yillar1 ile giiniimiize ait kiy1
cizgisi rekonstriiksiyonlari (Oner vd., 2003; Rhegma yeri simgesel olarak konmustur).
Figure 13: Coastline reconstructions of the Tarsus Plain and its immediate surroundings between the years 7000-6000 (4), 4000 (B), 2000 (C), 1000
(D), 200 (E) and today (Oner vd., 2003). (The Rhegma place is symbolically placed).

Hoyiik gevresinde ve ovada yapilan TAR 01; 02; 03; 04; 06; ag1z bolimii, kiy1 ¢izgisi ilerlemelerine uyumlu olarak gelistigi
08; 09; 10 ve 16 numarali sondajlarda cesitli derinliklerinde i¢in, yatagin izledigi yol Rhegma lagiinii var oldugu siirece
rastladigimiz akarsu yatak sedimanlari, bize eski Tarsus ¢ayinin gozlenmekte, yatak degisikligi sonrasi ulastigi son nokta da
izledigi yolu kabaca gostermis ve simdiye kadar sadece tasviri lagiin kiy1 ¢izgisi hakkinda fikir vermektedir.
anlatimlarda ifade edilen akarsu yatagi belirlenmistir (Sekil 13).

Biiyiik olasilikla Orta Holosen’deki kiyi ¢izgisine bagh akarsu
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Rhegma Lagiinii, kuzeydeki yiiksek alanlardan ovaya inen
kiigiik derelerle ve eski Tarsus g¢aymnin tasidigi aliivyonlarla
giderek dolmus ve zamanla denizle olan iliskisi 6zellikle Tarsus
Cayinin  yeni yatagindan ve Seyhan Irmagmin tasidigt
sedimanlarla kiy1 kordonlarinin genislemesiyle kesilmistir (Sekil
13D). Ayn1 zamanda doguda akiginin siirdiiren yeni yatagindaki
Tarsus ¢ayinin da tagkinlart bu alana ulagmistir. Hatta bu tarafa
yonelen Seyhan Irmaginin daha biiyiik akarsu olmasi sonucu
tagkinlari sirasinda Rhegma Lagiinii’ne de sedimanlar ulagsmustir.
Bunun sonucunda derinligi azalan Rhegma Lagiinii kapali bir
tatlisu g6lii haline doniismiistiir (Sekil 13D).

Roma doneminde, Rhegma Lagiinii ¢evresinin bakimli
tutuldugu bilinmektedir (Zoroglu, 2000). Bununla birlikte dogal
cevre degismelerden dolayr Rhegma Lagiinii’niin derinligin
azalmasi gemilerin giriglerini gii¢lestirmistir. Bunun sonucunda
limanin giderek islevini yitirip c¢evre dogal sartlara teslim
oldugunda bataklik alanlar genislemis olmalidir. Nitekim Tarsus
Ovasinin giineyinde yapilan sondajda, denizel sedimanlar
iizerine gelen karasal sedimanlar icinde turba katmanlarmin
varligi bunun isaretidir. Lagiiniin zaman igerisinde siglasip
kapanmastyla, Rhegma limant da énemini kaybetmis olmalidir
(Sekil 13D; 13E). Bu durum Tarsus kentinin bolgedeki etkinligini
bliyik ol¢iide azaltmistir. Zamanla Tarsus Ovasi tasinan
aliivyonlarla dolmakla birlikte, Rhegma lagiinii ve goliiniin
bulundugu yerde 20. yiizyil ortalarina kadar genig bir sulak alan
varligint siirdirmiistiir (Sekil 13E). Biiyiikk o6lciide bataklik
halindeki bu sulak alana Aynaz bataklig1 denilmistir.

S6z konusu bataklik 1950°1i yillardaki ¢aligmalarla kurutularak
tarmma acilmugtir (Sekil 13F). Tarsus giineyindeki lagiiniin giderek
liman islevini kaybetmesi sonucu, yéredeki bu ihtiyaci karsilayacak
sekilde liman etkinlikleri giderek batiya dogru gecis gostermis,
sirastyla Yenikdy, Kazanl, Karaduvar ve gliniimiizde de y6renin
en 6nemli limani olan Mersin bu gereksinmeyi karsilayan noktalar
olmustur (Rother, 1997; Sekil 12d).

Tesekkiir: Tarsus Ovasi ve Gozliikule Hoyuigiinde ¢aligmamiz
amactyla ekibimizi kazi projelerine davet edip bizleri destekleyen
basta kazi baskan Prof. Dr. Asli Ozyar olmak iizere biitiin ekip
iiyelerine tesekkiir ederiz. Bremen Universitesi’nden Prof. Dr.
Bernd Zolitschka’ya ve laboratuvar asistani Rafael Stiens’e
analizlerin yapilmast ve yorumlanmasindaki yardimlarindan
dolay1 tesekkiir ederiz. Ayni sekilde, laboratuvar ve tarihleme
analizleri acisindan bizleri SHD-2021-22452 ve SYL-2020-
22305 numarali iki proje ile destekleyen Ege Universitesi
Rektorligii ve Bilimsel Arastirma Projeleri Koordinatorliigii’ne
tesekkiirlerimizi sunariz.

Hakem Degerlendirmesi: Dis bagimsiz.

Yazar Katkilari: Calisma Konsepti/Tasarim- R.1., AK., SK., S.V,, E.O.; Veri Toplama-
R, AK., SK. S.V, E.O.; Veri Analizi/Yorumlama- R.i., AK., SK., S.V, E.O.; Yaz
Taslagi- R.1., AK., SK., S.V, E.O.; igerigin Elestirel incelemesi- R.1., AK., SK., S.V,
E.O.; Son Onay ve Sorumluluk- R.[., A.K., SK.,S.V, E.O.

Cikar Catismasi: Yazarlar ¢ikar gatigmasi beyan etmemislerdir.

Finansal Destek: Yazarlar finansal destek beyan etmemislerdir.

Peer Review: Externally peer-reviewed.

Author Contributions: Conception/Design of Study- R, AK, SK. S.V., EO.; Data
Acquisition- R.I., A.K., S.K., S.V., E.Q.; Data Analysis/Interpretation- R.I., AK., S K., S.V.,
E.O.; Drafting Manuscript- R.i., AK., SK., S.V,, E.O.; Critical Revision of Manuscript-
R..,AK., SK.,S.V,E.Q.; Final Approval and Accountability- R.i., A.K., SK., S.V,, E.O.
Conflict of Interest: Authors declared no conflict of interest.

Financial Disclosure: Authors declared no financial support.

KAYNAKCA/REFERENCES

Adegbie, A.T., Schneider, R.R., Rohl, U. ve Wefer, G. (2003). Glacial
millennial-scale fluctuations in central African precipitation recorded
in terrigenous sediment supply and freshwater signals offshore
Cameroon. Palaeogeography, Palaeoclimatology, Palaeoecology,
197(3-4), 323-333. https://doi.org/10.1016/S0031-0182(03)00474-7

Altmeyer, M., Seeliger, M., Ginau, A., Schiestl, R. ve Wunderlich, J.
(2020). Reconstruction of former channel systems in the
northwestern Nile Delta (Egypt) based on corings and electrical
resistivity tomography (ERT). Quaternary Science Journal, 70,
151-164. https://doi.org/10.5194/egqsj-70-151-2021

Devlet Su isleri Genel Miidiirliigii. (1978). Mersin-Berdan ve Efienk
Ovalart hidrojeolojik etiit raporu. Ankara: Devlet Su Isleri Genel
Miidirlugi.

Elschner, A., Scheder, J., Bungenstock, F., Bartholoméd, A., Becker,
T.M., Capperucci, R.M., Enters, D., Karle, M., Schliitz, F.,
Wehrmann, A. ve Hoffmann, G. (2021). Microfauna- and
sedimentology- based facies analysis for palaeolandscape
reconstruction in the back-barrier of Norderney (NW Germany).
Netherlands Journal of Geosciences ¢4. doi:10.1017/njg.2020.16

Erol, O. (2003). Ceyhan Deltasinin jeomorfolojik evrimi. Ege Cografya
Dergisi, 12 (2), 59-81. Erisim adresi: https://dergipark.org.tr/tr/pub/
ecd/issue/4881/66946

Goldman, H. (1935). Excavations at Gozlii Kule Tarsus. American
Journal of Archaeology, XXXIX (4), 526-549.

Goldman, H. (1956). Excavations at Gozlii Kule Tarsus, Vol. I, From
the Neolithic through the Bronze Age. New lJersey, Princeton
University Press.

Goldman, H. ve Jones, F. (1963). Tarsus III: Excavations at Gozlii Kule
Tarsus: The Iron Age-Text & Plates. New Jersey, Princeton
University Press.

Hanebuth, T.J.J. ve Lantzsch, H. (2008). A Late Quaternary sedimentary
shelf system under hyperarid conditions: Unravelling climatic,
oceanographic and sea-level controls (Golfe d’Arguin, Mauritania,
NW Africa). Marine Geology, 256, 77-89. https://doi.org/10.1016/j.
margeo.2008.10.001

201



ILHAN, KARADAS, KIRALLI, VARDAR, ONER / Cografya Dergisi - Journal of Geography, 47: 183-203

Hocaoglu, B. (2004). Tarsus ve c¢evresinin fiziki cografyast
(Yayimlanmamis yiiksek lisans tezi). Ege Universitesi Sosyal
Bilimler Enstitiisii, zmir.

Kayan, I. (2012). Kuvetarner’de deniz seviyesi degismeleri. N. Kazanci
ve A. Giirbiiz (Ed.) Kuvaterner Bilimi (s. 59-78) iginde. Ankara:
Ankara Universitesi yaymlari.

Kirally, S. (2022). Tarsus Berdan Ovasinda paleocografya ve
Jjeoarkeoloji arastirmalari (Yayimlanmamus yiiksek lisans tezi).
Ege Universitesi Sosyal Bilimler Enstitiisii, izmir.

Koster, B., Vott, A., Mathes-Schmidt, M. ve Reicherter, K. (2015).
Geoscientific investigations in search of tsunami deposits in the
environs of the Agoulinitsa peatland, Kaiafas Lagoon and Kakovatos
(Gulf of Kyparissia, western Peloponnese, Greece). Zeitschrift fur
Geomorphologie, 59, 125-156. doi: 10.1127/zfg_
suppl/2014/S-00192

Laermanns, H., Kelterbaum, D., May, S.M., Elashvili, M., Opitz, S.,
Hiille, D., Rolkens, J., Verheul, J., Riedesel S. ve Briickner, H.
(2017). Mid- to Late Holocene landscape changes in the Rioni Delta
area (Kolkhetilowlands, WGeorgia). Quaternary International,
465, 85-98. https://doi.org/10.1016/j.quaint.2016.12.037

Laermanns, H., Pint, An., Bellanova, P., Feist, L., Wagner, B., Frank, S.,
Mathes-Schmidt, M., Scheder, J., Teichner, F., Reicherter, K. ve
Briickner, H. (2021). The Santo Andr’e lagoon at the Atlantic coast
of Portugal-Holocene evolution and event history. Palaeogeography,
Palaeoclimatology, Palacoecology, 571, 110366. https://doi.
org/10.1016/j.palaco.2021.110366

Oner, E., Uncu, L. ve Hocaoglu, B. (2002a). Tiirkiye nin Dogu Akdeniz
kiyilarinda deniz seviyesi ve kiy1 cizgisi degismeleri. E. Ozhan ve
N. Alpaslan (Ed.), Tiirkiye 'nin Kiy1 ve Deniz Alanlar: 1V. Ulusal
Konferanst (s. 1237-1247) iginde. Ankara: Kiy1 Alanlar1 Yonetimi
Tiirk Milli Komitesi.

Oner, E., Uncu, L. ve Hocaoglu, B. (2002b). Gozliikkule Hoyiigii ve
Cevresinde Jeoarkeolojik Arastirmalar. K. Olsen, H. Dénmez, A. Ozme
ve C. Morgol (Ed.), XVIII. Arkeometri Sonuglar: (s. 117-130) iginde.
Ankara: T.C. Kiiltiir Bakanlig1 Yayinlari. Erisim Adresi: http:/www.
kulturvarliklari.gov.tr/sempozyum_pdf/arkeometri/18 arkeometri.pdf

Oner, E., Uncu, L. ve Hocaoglu, B. (2003). Paleogeographische Studien
in der Umgebung des Gozliikule-Hiigel (Tarsus Mersin, Tiirkei).
Berichte Forschungs-und Technologiezentrum Westkiiste der Univ.
Kiel Nr. 28, Aktuelle Ergebnisse der Kiistenforschung, 20. AMK-
Tagung Kiel, 30.5-1.6.2002 (s. 133-149) iginde. Kiel. https://amk.
cen.unihamburg.de/fileadmin/user upload/amk/Tagungsband
Inhalte/Tagungsband AMK 2002 Kiel Inhalt.pdf

Oner, E., Hocaoglu, B. ve Uncu, L. (2005a). Tarsus Ovasimin
Jeomorfolojik Gelisimi ve Gozliikule Hoytigi. O. Tiiysiiz ve M.K.
Erturag (Ed.), Tiirkiye Kuvaterner Sempozyumu 5 (TURQUA-V) (s.
82-89) iginde. Istanbul: ITU Avrasya Yer Bilimleri Enstitiisii
Yaymlart.  Erisim  Adresi:  http://www.turqua.itu.edu.tr/docs/
librariesprovider222/default-document-library/turqua_v_ 2005

kuvaterner sempozyumu.pdf?sfvrsn=0

Oner, E., Hocaoglu, B. ve Uncu, L. (2005b). Paleogeographical Surveys
Around The Mound of Gozliikule (Tarsus). A. Ozyar (Ed.), Field
Seasons 2001-2003 of the Tarsus - Gozliikule Interdisciplinary
Research Project (s. 69-82) iginde. Istanbul: Ege Yayinlari.

Oner, E. (2016a). Ege ve Akdeniz kiyilarmmzda paleocografya-
jeoarkeoloji arastirmalari. Ege Cografya Dergisi, 25 (1), 51-66.
Erisim adresi: https://dergipark.org.tr/tr/pub/ecd/issue/26668/280220

Oner, E. (2016b). Aliivyal jeomorfoloji, paleocografya ve jeoarkeoloji
aragtirmalar1. N. Ozgen ve S. Karadogan (Ed.), Fiziki cografyada
arastirma yontemleri ve teknikler (s. 91-122) icinde. Ankara: Pegem
Akademi Yayinlari.

Oner, E., Vardar, S., Karadas, A. ve ilhan, R. (2019). Tiirkiye nin Bati
ve Gliney kiyilarindaki antik yerlesmelerin paleocografya ve
jeoarkeolojik ozellikleri. TINA Denizcilik Arkeolojisi Dergisi, 11,
9-50. Erisim adresi: http://www.tinaturk.org/dergi/sayi/11/TINA
Dergi Sayi 11-011-052.pdf

Oz, H. (1998). Bilinmeyen Tarsus. Ankara: Tirk Tarih Kurumu
Basimevi.

Oziikan, B. (2013). Piri Reis Kitab-1 Bahriye. Istanbul: Boyut Yayncilik.

Ozyar, A., Danisman, G., Giirbiiz, C. ve Ozener, H. (2003). Tarsus
Gozliikule 2001 Enterdisipliner Arastirmalari. K. Olsen, F. Bayram,
A. Ozme, N. Giider ve I. Gengtiirk (Ed.), 20. Arastirma Sonuclari
Toplantisi (s. 273-282) iginde. Ankara: Kiiltiir Bakanlig1 Yayinlari.
Erisim Adresi: http://www.kulturvarliklari.gov.tr/sempozyum_pdf/
arastirmalar/20_arastirma_1.pdf

Ozyar, A. ve Damsman, G. (2009). Tarsus-Gozliikule 2005-2006 Yili
Disiplinleraras1 Arastirmalart. F. Bayram ve A. Ozme (Ed.), 26. Arastirma
Sonuglart Toplantisi, (s. 383-398) icinde. Ankara: T.C. Kiiltiir ve Turizm
Bakanhig1 Yaymevi. Erisim Adresi: http:/www.kulturvarliklari.gov.tr/
sempozyum_pdf/arastirmalar/26_arastirma_1.pdf

Ozyar, A., Danisman, G., Unlii, E. ve Kurucayirl, E. (2009). Tarsus-
Gozliikule 2007 yili galismalart. H. Dénmez ve A. Ozme (Ed.), 30.
Kazi Sonuglar: Toplantisi (s. 47-60) i¢inde. Ankara: T.C. Kiiltiir ve
Turizm Bakanlhigr Yaymlari. Erisim  Adresi:  http:/www.
kulturvarliklari.gov.tr/sempozyum_pdf/kazilar/30 kazi 2.pdf

Ozyar A., Unlii, E., Pilavel, T., Kiilekcioglu, C., Yal¢in, S., Karacic, S.,
Giildiiren, A. ve Bennet, W. (2014). Tarsus-Gozlikkule 2012 yili
kazisi. H. Dénmez (Ed.), 35. Kazi Sonuglar: Toplantisi, (s. 170-81)
icinde. Ankara: T.C. Kiiltiir ve Turizm Bakanlig1 Yaymlari. Erisim
Adresi:  http://www.kulturvarliklari.gov.tr/Eklenti/27147,35kazi2.
pdf?0

Ozyar, A., Unlii, E., Pancaroglu, O. ve Volkaer, A. (2017). Recent
fieldwork at Tarsus-Gozliikule: The Medieval levels. S.R. Steadman
ve G. McMahon (Ed), The Archaeology of Anatolia: recent
discoveries (2015-2017) (s. 197-216) iginde. Newcastle: Cambridge
Scholars Publishing.

Pechlivanidou, S., Vouvalidis, K., Lovlie, R., Nesje, A., Albanakis, K.,
Pennos, C., Syrides, G., Cowie, P. ve Gawthorpe, R. (2014). A
multi-proxy approach to reconstructing sedimentary environments
from the Sperchios delta, Greece. The Holocene, 24 (12), 1825-
1839. https://doi.org/10.1177/0959683614551219

202



iILHAN, KARADAS, KIRALLI, VARDAR, ONER / Cografya Dergisi - Journal of Geography, 47: 183-203

Pekman, A. (2015). Antik Anadolu Cografyast Kitap: XII-XIII-XIV -
Strabon-Geographika (Cev. A. Pekman). Istanbul: Arkeoloji ve
Sanat Yaynlart.

Pint, A., Seeliger, M., Frenzel, P., Feuser, S., Erkul, E., Berndt, C.,
Klein, C., Pirson, F. ve Briickner, H. (2015). The environs of Elaia’s
ancient open harbor-a reconstruction based on microfaunal
evidence. Journal of Archaeological Science, 54, 340-355. https://
doi.org/10.1016/j.jas. 2014.06.011

Piva, A., Asioli, A., Schneider, R.R., Trincardi, F., Andersen, N.,
Colmenero-Hidalgo, E., Dennielou, B., Flores, J.A. ve Vigliotti, L.
(2008). Climatic cycles as expressed in sediments of the PROMESS1
borehole PRADI1-2, central Adriatic, for the last 370 ka: 1. Integrated
stratigraphy. Geochemistry, Geophysics, Geosystems, 9 (1), 1-21.
https://doi.org/10.1029/ 2007GC001713

Pismanlik, U. ve Koroglu, U. (2012). Gezginlerin Géziiyle Tarsus (Antik
Cagdan 20. yiizyila). istanbul: Arkeoloji ve Sanat Yayinlar1.

Riddick, N.L., Boyce, J.I., Sahoglu, V., Erkanal, H., Tugcu, I., Alkan, Y.,
Reinhardt, E.G. ve Goodman-Tchernov, B.N. (2022). Coastal
palaeoenvironmental record of Late Bronze to Iron Age harbour
development at Liman Tepe-Clazomenae, western Anatolia, Turkey.
Marine Geology, vol.450. doi:10.1016/j.margeo0.2022.106842

Rother, L. (1997). Die Stade der Cukurova: Adana-Mersin-Tarsus.
Tibingen, Deutschland: Im Selbsverlag des Geographischen
Instituts der Univesitat Tubingen.

Seeliger, M., Bartz, M., Erkul, E., Feuser, S., Kelterbaum, D., Klein, C.,
Pirson, F., Vott, A. ve Briickner, H. (2013). Taken from the sea,
reclaimed by the sea: The fate of the closed harbour of Elaia, the
maritime satellite city of Pergamum (Turkey). Quaternary
International, 312, 70-83. doi:10.1016/j.quaint.2013.03.004

Shang, S., Daidu, F., Yin, P., Burr, G., Zhang, M. ve Wang, Q. (2018).
Late Quaternary environmental change in Oujiang delta along the
northeastern ~ Zhe-Min  Uplift zone (Southeast China).
Palaeogeography, Palaeoclimatology, Palaeoecology, 492, 64-80.
https://doi.org/10.1016/j.palaeo.2017.12.012

Stock, F., Knipping, M., Pint, A., Ladstatter, S., Delile, H., Heiss, A.G.,
Laermanns, H., Mitchell, P., Ployer, R., Steskal, M., Thanheiser, U.,
Urz, R., Wennrich, V. ve Briickner, H. (2016). Human impact on
Holocene sediment dynamics in the Eastern Mediterranean — the
example of the Roman harbour of Ephesus. Earth Surface Processes
and Landforms, 41, 980-996. https://doi.org/10.1002/esp.3914

Siir, O. ve Oner, E. (2014). Fiziki cografyada paleontoloji. Konya:
Egitim Yaymevi.

Tjallingii, R., Rohl, U., Kolling, M. ve Bickert, T. (2007). Influence of
the water content on X-ray fluorescence core- scanning
measurements in soft marine sediments. Geochemistry, Geophysics,
Geosystems, 8 (2), 1-12. https://doi.org/10.1029/2006GC001393

Turner, J.N., Jones, A.F., Brewer, P.A., Macklin M.G. ve Rassner, S.M.
(2015).  Micro-XRF Applications in Fluvial Sedimentary
Environments of Britain and Ireland: Progress and Prospects. I.W.
Croudace ve R.G. Rothwell (Ed.), Micro-XRF Studies of Sediment
Cores. Developments in Paleoenvironmental Research, vol 17 (s.
227-265) i¢inde. Springer, Dordrecht. https://doi.org/10.1007/978-
94-017-9849-5_8

Vott, A., Briickner, H., Handl, M. ve Schriever. A. (2006). Holocene
Palaeogeographies of the Astakos Coastal Plain (Akarnania, NW
Greece). Palaeogeography, Palaeoclimatology, Palaeoecology,
239, 126-146. https://doi.org/10.1016/j.palaeo.2006.01.015

Zabel, M., Schneider, R.R., Wagner, T., Adegbie, A.T., de Vries, U. ve
Kolonic, S. (2001). Late Quaternary climate changes in Central
Africa as inferred from terrigenous input to the Niger Fan.
Quaternary Research, 56, 207-217. https://doi.org/10.1006/
qres.2001.2261

Zoroglu, L. (2000). Tarsus (Aziz Pavlus 'un Kenti): W.M. Ramsay, (Cev.
L. Zoroglu). Ankara: Atatiirk Kiiltiir, Dil ve Tarih Yiiksek Kurumu,
Tiirk Tarih Kurumu Yayinlart.

203






Cografya Dergisi — Journal of Geography, 2023, 47: 205-221 Research Article / Arastirma Makalesi

' DOI:10.26650//GE0G2023-1291573
%" COGRAFYA DERGISi s5%. [STANBUL
“4h  JOURNAL OF GEOGRAPHY AR UNTVERSITY
~47 2023, (47) fwsT PRESS
- w=m https://iupress.istanbul.edu.tr/en/journal/jgeography/home

The Resilience of Sustainable Climate-Sensitive Cities in the
COVID-19 Pandemic

Siirdiiriilebilir Iklim Duyarli Kentlerin Pandemideki Direnclilikleri

Giilsah TIRIS' ®, Hilal ERKUS?

'Akdeniz University, Faculty of Architecture, Department of Urban and Regional Planning, Antalya, Turkiye
2Prof. Dr. Akdeniz University, Faculty of Architecture, Department of Urban and Regional Planning, Antalya, Turkiye

ORCID: G.T. 0000-0001-7725-7179; H.E. 0000-0003-2466-6862

ABSTRACT

Cities that are the nodal points of global networks have been hit hardest by The COVID-19 pandemic. Cities are also one of the most significant actors in
fighting against the climate crisis, which is similar to the effects of the crisis created by the pandemic and carries even more devastating risks. Therefore, it
is crucial for them to implement sustainability policies to increase their resilience against these risks and combat the climate crisis. In implementing
sustainability policies, many global networks offer various supports to both global climate-sensitive policies and city governments. In this study, the “urban
sustainability and urban resilience” dimensions were discussed on the socio-spatial structure of cities during the pandemic, and inferences were made
regarding the resilience and sustainability of the cities according to their sizes during the pandemic process. Cities were selected from five different
countries which have different government types and are members of three different global sustainability networks. The study contributes to the the
literature by showing whether efficiently applied sustainability policies of a global sustainability membership matter for different-sized cities in increasing
their resilience or not. It is found that the sustainability and resilience targets determined by the global urban networks are not applied in the cities
participating in these networks, under the risk conditions created by the pandemic. In addition, many member cities do not sufficiently consider the “social
dimension” in their sustainability and resilience policies such as health systems. It is surprising to see their insufficiency socio-spatial injustice and
vulnerability in disaster periods.

Keywords: COVID-19, Urban sustainability, Urban Resilience

oz

Bir kiiresel kriz olarak nitelendirilebilen COVID-19 pandemisi, kiiresel aglarin diigiim noktalari olan kentlerde daha ¢ok goérilmektedir. Bu sebeple kentler,
pandemi ile mlicadelede en 6nemli aktor olarak 6ne ¢ikmaktadir. Pandeminin yaratmis oldugu krizin etkilerine benzer nitelikte olan ve hatta daha yikici
riskleri tasiyan iklim krizi ile miicadelede de kentler, en 6énemli role sahip aktorlerden biridir. Dolayisiyla kentlerin, bu riskler karsisinda direncliligini
artirabilmesi ve iklim krizi ile miicadele edebilmesi icin sirdurilebilirlik politikalarini uygulamalari dnem tagimaktadir. Stirdirilebilirlik politikalarinin
uygulanmasi hususunda bircok kiresel ag, hem kiresel iklim politikalarina hem de kent yonetimlerine cesitli destekler sunmaktadirlar. Bu calismada,
pandemi ile birlikte kentlerin sosyo-mekansal yapisina yonelik tartismalarin, “kentsel strdirilebilirlik ve kentsel direnclilik” boyutlari ele alinarak, tg farkli
kuresel surdurulebilirlik aglarinin Ggline de lye olan, farkli ydonetim bicimlerine sahip 5 tlkeden secilen, farkli 6lceklerdeki kentlerin pandemi surecindeki
direncliligine ve strdurdlebilirligi degerlendirilmistir. Calismada kiresel kentsel aglarin belirledigi strdirdlebilirlik ve direnclilik hedeflerinin, pandeminin
yarattigi kosullar altinda secilen kentlerde yeterince baglayici olmadigi tespit edilmistir. Bu baglamda bircok kentin stirdirilebilirlik ve direnclilik
politikalarinda “sosyal boyutu” yeterince dikkate almadigi, bircok kentte saglik sistemlerinin hala yetersiz oldugu ve sosyo-mekansal adaletsizligin afet
donemlerinde kirilganligi artirdigi bu calismanin temel sonuglarindan bazilaridir.

Anahtar kelimeler: COVID-19, kentsel direnclilik, kentsel strdurtlebilirlik
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INTRODUCTION

When the number of COVID-19 cases increased and mutation
viruses became widespread, discussions criticizing the policies
that restrict “spatial mobility” came to the fore. In these
discussions, it is emphasized that urban resilience is weak, and it
is imperative to increase the resilience of cities in the post-
pandemic period. The issues that came to the fore when the
restrictions were lifted and the gradual/unstaged opening
processes started are as follows: the need for green and open
spaces, concerns about public transport use, density in common
areas, revitalizing economic activity, and  increase the
sustainability of cities in to struggle for the climate crisis, which
is another global problem (Jasinski, 2022).

As we look at the international solution proposals regarding
sustainability and resilience, the 11th objective among the
Sustainable Development Goals (SDGs) was defined as
“Creating Sustainable Cities and Communities” and under this
heading, it was emphasized that cities and human settlements
should be made inclusive, safe, resilient, and sustainable (Croese
et al., 2020). It is possible to examine the objectives determined
under these objectives under four headings: Ensuring everyone s
access to basic services, eliminating social inequalities, reducing
the effects of climate change, and developing urban policies
compatible with nature (Shen et al., 2011: 19). The indicators
determined for these purposes are as follows (UNSTATS, 2020):
urban poverty, disaster-affected, and disaster-related deaths,
urban climate data, and risk reduction policies. With the data
obtained from these indicators, evaluations can be made about
whether a country or a city is sustainable or not.

To measure the resilience of a city, some features of the city
and its capacity to develop, improve, and provide flexibility
against risks are evaluated (Zabanioutou, 2020: 18). On
resilience, the UN Disaster Risk Reduction I11. World Conference,
commitments were made to create more resilient cities with the
Sendai Framework for Disaster Risk Reduction. In the document,
the scope of disaster risk is discussed as environmental,
technological, and biological disasters, hazards, and risks that
occur because of natural and human activities (Kelman, 2015:
121). From the point of view of the holistic approach of the
Sendai Framework Convention, epidemics can be evaluated
under the category of biological disasters. To qualify a disease as
a disaster, the number of cases, the rate of transmission, and the
high rate of death caused by the disease are considered. Therefore,
the diseases and deaths caused by the COVID-19 virus make it
possible to qualify this virus as a disaster (Ozden, 2020: 27).

In this study, the cities with varying sizes that undertake to
implement the principles of urban sustainability and create
policies for this are examined to measure whether their
sustainability and resilience to pandemic conditions are better or
not. The cities examined within the scope of the study were
selected from the cities that are members of ICLEI, C40 Cities,
and GCoM organizations that aim to achieve urban sustainability
goals and establish a dynamic network between cities. The main
reason for choosing these three global organizations is that they
establish ties with cities from different regions and adopt
principles such as low emissions, resilience, and fair transition
among their targets. While selecting a country that is a member
of all three of these global networks we put emphasis firstly on
the government type difference and secondly on size difference
between cities. By paying attention to the different sizes of the
selected cities, the importance of the scale in terms of
sustainability-pandemic-resilience will be compared. Lastly, the
relationship between sustainability and resilience in the pandemic
process of the cities will be revealed by examining their local
struggle process that varies according to countries’ governmental
differences in type.

LITERATURE REVIEW

Urban Sustainability, Urban Resilience and the Pandemic

56% of the world’s population lives in cities; this rate is
predicted to increase to 68% by 2050 (UN, 2020). It is known
that cities are open to extreme weather events, heat waves, and
the effects of changing precipitation regimes, both with their
populations and built environments, because of the climate crisis
(Uncu, 2019: 17). Therefore, it becomes a necessity for cities
that are open to all these risks to be sustainable and resilient.

The concept of sustainability provides a normative framework
that can provide interaction between human communities and
the environment and can apply the concept of resistance to every
aspect of this framework. Urban sustainability is a concept that
requires social solidarity, provides economic empowerment
without destroying nature, and aims to raise awareness of the
urban environment (Cohen, 2017; Weichselgartner and Kelman,
2014: 29). The concept of urban resilience, on the other hand,
has a meaning that expresses the capacity of a city to manage the
uncertainties that may be created by risks such as economic,
social, and environmental changes, natural disasters, and
epidemics, and to adapt to these processes (Ribeiro ve Gongalves,
2019).

206



TIRIS, ERKUS / Cografya Dergisi — Journal of Geography, 47: 205-221

The COVID-19 pandemic, which can be described as a
biological disaster, is seen in urban areas at a rate of 95% (UNDP,
2020). Thus, cities are in serious trouble in the face of the
spreading COVID-19 virus is at risk, because of the density of
people, buildings, and services, and the interconnected
infrastructures (Elmqvist, et al., 2019: 267). In resilience
discussions, sudden and non-linear dynamics are generally
considered. The COVID-19 virus also emerged as a dynamic
that emerged suddenly and shook resilience. The following
solutions are at the center of the discussions in the urban area
with COVID-19: reconsidering urban density planning,
replanning urban open and green spaces, replanning urban
transportation, reconsidering urban infrastructure and services
by increasing the efficiency, deforestation in the urban area and
combating biodiversity loss, ensuring urban climate justice,
reorganizing urban water and food security, creating sustainable
solutions in urban energy, reorganizing urban public health
services, increasing smart urban systems (Manzanedo and
Manning, 2020; Tugag, 2020; SDG Report, 2020).

In these discussions on the sustainability and resilience of
cities with COVID-19, four dimensions come to the fore in
general (Shulla, et al, 2021: 11): resilient communities,
ecosystem balance, economic sustainability, and global health.
In the first dimension, sustainable cities will be able to create
communities that are more resilient to risks. Because
sustainability goals include reducing poverty, ensuring gender
equality, and creating a healthier environment (Barbier and
Burgess, 2020). A balanced and protected ecosystem, which is
considered in the second dimension, expresses the environmental
dimension of sustainability. In a balanced ecosystem, it will be
easier to control the disease and pathogens can be controlled
(Yin et al., 2021: 70). Thirdly, economic sustainability refers not
only to a growth-oriented economic policy but also to the
importance of a resilient economy that can be “self-sufficient”
during the disaster and post-disaster recovery (Leach, et al.,
2021). In the fourth dimension, some discussions argue that
health should be seen as a global crisis. With the pandemic, the
health systems of many countries that have committed to
implementing sustainability policies have had difficulty adapting
to the process. Along with the pandemic, which is a global
problem, it has been seen that health has a global dimension
(Hakovirta and Denuwara, 2020:3).

Associated with the health risk posed by the COVID-19
pandemic, the issue of public health was discussed in detail in
April 2020 with the supplementary document of the “Cities
Disaster Resilience Risk Scorecard” prepared by the United

Nations Office for Disaster Risk Reduction (UNDRR, 2020). It
has been seen that egalitarian health management with sufficient

capacity against all risks is a necessity against both climate risks
and epidemics such as COVID-19(Salas, et al., 2020: 3).

METHODOLOGY

Today, approximately 600 cities in Europe and 9,400 cities
around the world act together by being a member of global
sustainability-themed networks to achieve their sustainability
goals (Uncu, 2019: 50). In this study, three different global urban
networks are taken into consideration in designing our research
as they include principles such as low emissions, resilience, and
fair transition, have memberships of cities from all regions of the
world, and present inspections and reports at regular intervals.
The selected urban networks are: “Local Governments for
Sustainability (ICLEI)”, “C40 Cities” and “The Global
Covenant of Mayors for Climate and Energy (GCoM)”
organizations. It is important to examine the economic, social,
and environmental policies and different management styles of
the countries and selected cities, which are seen as important
pillars of sustainability and resilience, as they are critical factors
in fighting against the pandemic.

In this context, the applications of global urban networks
regarding sustainability goals are as follows: ICLEI (Local
Governments for Sustainability) is a global network of cities
made up of more than 1,750 local and regional governments. It
is an organization that helps create productive cities with low
emissions, an equitable, green economy (advocating equitable,
flexible, and circular economy policies), and sustainable
transportation within the framework of the principles of “ICLEI
Holistic and Integrated Environmental Management” (ICLEI,
2021). C40 Cities is a global network established by mayors to
implement climate action plans, bringing together 96 cities
representing a quarter of the global economy and more than 700
million citizens. The C40 has undertaken the mission of helping
its member cities achieve the goals of reducing emissions,
investing in clean energy, conserving natural resources, and
ensuring a just transition for all (with particular attention to the
disadvantaged) to provide the Green New Deal (C40 Cities,
2020). The Global Covenant of Mayors for Climate and Energy
(GCoM) is a global network of approximately 13,000 city
members and their mayors make joint commitments in this
network. The main goal of the GecoM is to reduce emissions and
promote the building of local climate resilience. In line with
these goals, GCoM has undertaken missions such as implementing
the principles of the Paris Agreement, supporting local
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governments in line with these principles, and encouraging local
governments to adopt participatory policies to create fair urban
resilience (GCoM, n.d.).

RESEARCH DESIGN

To reach our aim, the pandemic policies and policies of
sustainability and resilience of different cities from countries
with different management styles, which are also members of
ICLEI, C40 Cities, and GCoM networks, were examined. The
main purpose here is to examine how the selected differently-
sized cities follow policies to achieve their sustainability and
resilience goals and evaluate whether they can provide urban
resilience through these policies during the pandemic. In this
context, the research was designed by choosing two cities of
different sizes from countries having different governmental
types and administrative structures. The cities of New York and
Philadelphia were chosen from the USA, which is a federal
country governed by a presidential system; The cities of Curitiba
and Rio de Janeiro were chosen from Brazil, which is also a
federal country governed by the presidential system; The cities
of Berlin and Heidelberg were chosen from Germany, which has
a federative structure; The cities of Tokyo and Yokohama were
chosen from Japan, whose government is a constitutional
monarchy; The cities of Johannesburg and Durban (e-Thekwini)
were chosen from South Africa, which is governed by a
parliamentary democracy. We tried to include cities from every
region of the world in our study (See Table 1). However, we
could not include some cities from countries of all different
regions in the World due to not covering a membership to three
global networks at the same time such as seen in Turkey’s case.

The cities selected for the case study were chosen also
according to their membership to ICLEI, C40 Cities, and GCoM.
In the selection criteria. The size of the city (for big and small size
cities we used terms of population and density (infections and
deaths)), was claimed to be significant in explaining the city’s
reactions to resilience. By paying attention to the different scales
of the selected cities, the importance of the scale in terms of
sustainability-pandemic-resilience will be determined. So, this
study contributes to the literature by also revealing how effective
different scales and sizes of the cities in regard to sustainability.

FINDINGS
The United States of America

In addition to being the largest economy in the world, the USA is
one of the countries producing the most greenhouse gas

emissions, and its attitude towards the climate crisis has an
unstable quality that alternates between “taking responsibility or
denying it” policies (Uysal-Oguz, 2020). The most recent
example of this situation is seen as Donald Trump’s withdrawal
from the Paris Agreement in 2017 when he took office and his
withdrawal of many environmental protection regulations.
Biden, who took office after Trump, returned to the Paris
Agreement and acted regarding many environmental policy
arrangements (Erensii and Sahin, 2021: 3). However, the deep
inequalities created by the intensively implemented neoliberal
policies in the country make it difficult to achieve sustainable
development goals, which are seen as a concrete implementation
tool of climate policies (Coban, 2016: 32). With the COVID-19
pandemic, while the privatized health system came to the point
of collapse because of neoliberal policies, unemployment, and
poverty increased in the country with uneven growth, and it
became difficult for low-income groups to reach basic needs
(Munck, 2021: 17).

The USA’s fight against the virus should be divided into two,
Trump’s presidency and the process after Joe Biden won the
election. With the increase in the number of cases and deaths, the
primary concern of the Trump administration was about the
economy (Yildizoglu, 2020). The fact that health services in the
USA are based on private hospitals and private health insurance
companies has revealed a concrete view of the negativities created
by neoliberal policies and the increase in the number of cases and
deaths in the USA has been extremely rapid. Although Trump saw
the pandemic as an opportunity and wanted to take over the entire
executive power beyond his constitutional powers, many states,
especially the governor of New York Andrew Cuomo, opposed it
and Trump took a step back (Lowndes, 2020: 54). Joe Biden, a
member of the Democratic Party who won the US presidential
election on November 9, 2020, officially started his duty on
January 20, 2021, and first promised “100 million vaccinations in
100 days” and reached this goal on the 58th day of his aim (White
House, 2021). However, the increase in the number of cases with
different variants and inequalities in access to health services
continued during the Biden period. In addition, the problems of
unemployment, income inequality, inflation, racism, and gender
inequality in the country have deepened with the pandemic
(Haffaje, 2021).

New York City
New York City (NYC) is one of the largest metropolitan

cities in the world, as well as being a coastal city, it is faced with
the devastating risks of climate change. The most important
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Table 1. Selected Cities, Their Size, Density and Sustainability Policies

COVID-19 CASE DEN-

SITY
COUNTRY CITIES CITYSIZE POPULATION (DEATHS/ INFECTIONS)1 SUSTAINABILITY POLICIES
, 35.151/1.302,064 +PlanNYC Climate A.ctllon Plan
New York 1215 km %27 -Greener, Greater Buildings Plan
The Uni- City (BIG SIZE) 8,335,897 (HIGH) «Green New Deal Investments
ted States
of America
«The Office of Sustainability - Greenworks
370 km? 267,342/ 4344 «Transport Network Improvement Plans
Philadelphia (SMALL SIZE) 1,567,258 ~%1,7 -Community Garden and Urban Forest Practices
(LOW)
-"Best City to Live in” Award,
+"Global Green City” Award,
234 ki 304,384 /7819 -Recognized as a “design city” in the creative cities network (thanks to Jamie
~0
Curitiba  (SMALLSIzE) 263730 62,6 o . Lerner), . .
Brazil (HIGH) -Socio-spatial segregation that can be seen with the center-periphery separation
in its urban form.
-Sustainability training through the Municipal Education Department
Rio de 1202 km? 6211423 1'359’152/169’51 3 «Electric vehicle and carbon pricing policies
Janeiro (BIG SIZE) o (HOIG'H) -High-risk area mapping for disasters (highest risk in so-called favelas slums).
-Regional centers which are called “Regional Centers for Sustainability Strategies -
891 km? 358,365 /4038 Regionale Netzstellen Nachhaltigkeitsstrategien — RENN’,
Berlin (BIG SIZE) 3,800,000 %1,12 +With the “Berlin Energy and Climate Protection Program 2030" the city will beco-
(LOW) me carbon neutral by 2050,
Germany +A call to action called the “One Health Berlin Principles”in October 2019.
«The city that created and implemented the first climate action plan,
2 10,609/ 81 " . P .
Heidelber 109 km 161257 0.8 «"Passivhause” project for urban energy efficiency,
9 (SMALL SIZE) ! (LC(;V\’/) «Its practices in areas such as sustainable urban logistics, sustainable education,
and clean energy have been awarded internationally.
-Renewable energy and disaster management policies (especially for earthqua-
kes) are the policies that the city attaches importance,
) 389,728/3175 . - .
Tokvo 42,143 km 13.960.000 %0.8 «Its goal by 2050 is to switch to zero carbon and meet its energy needs from
4 (BIG SIZE) A (LZ)\’N) renewable energy sources,
Japan «In this city, where seismic activity and natural events due to the climate crisis are
P very intense, “resilience and sustainability” come first.
«Since 2003, it has received an “eco-model” city award through urban waste
560 km? 78141/591 management
~9 ,
Yokohoma (SMALL SIZE) 3,771,640 (ng\,/? -Conducts hydrogen energy investments and decarbonization policies.
«It is seen as an incubation center for the smart city project.
«The water resources within the city’s borders have been mapped,
eThekwini 2290 km? ~410,000 / ~3000 -EWS (The eThekwini Water and Sanitation Unit) water and sanitation service
(Durban) (BIG SIZE) 3,720,953 %0,7 expanded throughout the city,
South (LOW) -Urban agriculture practices have been expanded both in the city center and in
Africa the city periphery.
1148889 /20270 -Focusing on energy security about climate change through the organization
Johannes- 1645 km? 6.065.354 ! '~0/1 8 ! SALGA (South African Local Government Association),
burg (SMALL SIZE) e (HIOGI,-I) «Urban agriculture and agroecological agriculture incentive policies are carried

out together with the “Green Economy Strategy”.

- Highly dense cities are over %1-%25.infection density-case fatality ratio (WHO-COVID-19, 2020).2

- Lowly sized cities lower %0-%1 infection density-case fatality ratio (WHO-COVID-19, 2020).

1 The number of cases and deaths is the total number of February 20th, 2022. These numbers are taken from the total number of cases and deaths officially announced

on the web pages of the city administrations.
2 The table shows the number of cases and deaths according to the “case fatality rate calculation” determined by the World Health Organization.

CFR (%)=(Number of deaths from diseasexNumber of confirmed cases of disease)*100 (WHO-COVID-19, 2020).

209



TIRIS, ERKUS / Cografya Dergisi — Journal of Geography, 47: 205-221

policies regarding the environmental aspect of sustainability
goals in New York City are aimed at reducing carbon emissions.
73% of New York’s carbon emissions come from buildings in the
city. For this reason, the law package called “Greener, Greater
Buildings Plan” was put into effect in NYC in 2009 and it was
aimed to increase energy efficiency in existing buildings.
Therefore, NYC increases its “Green New Deal” investments
and makes global collaborations in areas such as clean energy,
zero waste, zero carbon, and environmental justice (Rosan, 2011:
962). NYC aims to base its recovery strategies in the post-
pandemic period on sustainability policies. As a concrete step
towards this goal, NYC Mayor Bill de Blasio accepted the C40
Cities’ statement of principles for a healthy, equitable, and
sustainable recovery (C40 Cities, 2020).

Due to the elevated risk of COVID-19 transmission in
enclosed spaces, the use of open and green spaces has increased
in NYC (NYC Parks, n.d.). In a study conducted in the city, it
was determined that the increase in the use of urban green space
was mostly seen in the middle and high-income groups. The
main point on which this determination is based is that middle
and high-income groups have switched to the home working
system during the pandemic process, paving the way for them to
spend more time in these areas. It was concluded that low-
income groups, on the other hand, could not find free time to go
to green areas due to continuing their work and they were afraid
of these crowded areas due to the risk of virus (Pipitone and
Jovic, 2021). Another inequality situation is observed in access
to the COVID-19 vaccine. The problems in the health system of
the USA were also reflected in NYC, and it was seen that low-
income groups and black citizens living in the city were more
affected by the epidemic (Yu, et al., 2021; Truong and Asare,
2020). NYC is one of the cities that started vaccination processes
early. However, it has been observed that the first places where
these early vaccination processes were initiated are the
neighborhoods where middle and upper-income groups live. On
the other hand, it has been observed that there were problems
such as vaccine supply, multiple-dose scheduling, and vaccine
appointments in regions where Black and Latino groups and
low-income groups live (Williams, et al., 2021). In the face of
the impact of the COVID-19 pandemic, it is possible to say that
NYC could not increase social resistance and the policies
implemented did not have a holistic effect.

Philadelphia

There is an agent called “The Office of Sustainability” and
this agent implements, monitors, and supervises policies such as

accessible food, clean water, clean air, renewable energy, carbon
neutral practices, social and environmental justice, and zero
waste through practices under the name of “Greenworks”
(Stanko and Naylor, 2018: 470). Moreover, the city’s climate
action plan includes practices such as urban forest initiatives to
cool the city, activities to improve the transportation network
plan, and community gardening (Office of Sustainability, n.d.).
However, due to the increasing construction sector in the city,
these gardens are also open for construction and there is a serious
decrease in urban green areas. This situation carries the risk of
urban food insecurity (Saffron, 2020). In addition to these
problems brought about by the increase in the construction
sector, there is also a serious housing problem for low-income
groups. While many people live in shelters that were built for the
homeless because of the high rents, a significant number of cases
have been seen in these houses during the COVID-19 process
(Saffron, 2020). Moreover, low-income groups faced difficulties
in accessing food during the COVID-19 process (Brown, et al.,
2020: 314).

The most consequential reason for poverty in Philadelphia is
based on racial discrimination and the economic inequalities
associated with it (Bilal, et al., 2021). Hispanics and African
Americans living in the city are more exposed to these
inequalities, and their vulnerability increases in the face of all
crises (Adams, 2014). A study on the epidemic showed that
Black and Hispanic people had 3 times higher rates of
hospitalization and death due to COVID-19 than white people
(Bilal, et al., 2021). Racial discrimination from the past to the
present is seen as the main cause of inequalities in both the
spatial structure of the city and the economic structure.

Brazil

Brazil is one of the countries that have serious shortcomings
in ensuring social and economic justice and is one of the countries
that are inadequate in terms of environmental sustainability
policies. Although it was announced at the beginning of 2019
that there were not enough resources to respond to the fires in the
Amazon region, many environmental laws were abolished in the
country and many of the protective laws were abandoned
(Abessa, et al., 2019: 510). Indigenous people living in the
Amazon region blamed the country’s president, Jail Bolsonaro,
for not preventing deforestation and encouraging activities such
as mining and logging in the Amazon region (Miranda, 2020).
Although Brazil is among the top ten economies of the world, it
is the country with the highest income inequality and poverty in
the Latin American region (Uysal Oguz and Sezek, 2020: 171).
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In the early stages of the epidemic, Bolsonaro’s harsh rhetoric
against local rulers who supported a full shutdown and his threat
to send the army offerered a concrete view of the political
inconsistency in the country (de Barros, 2020: 18). In general, in
Brazil, income inequality, social injustice, and spatial injustices
due to the lack of delivery of public services to some parts of the
country cause social fragility to rise (Uysal Oguz, 2020: 5).

Curitiba

Architect and city planner Jaime Lerner, who was seen as the
pioneer of Curitiba’s sustainability steps and was mayor in
different periods between 1970 and 1992, argued that urban
sustainability is a holistic dimension and that reducing the use of
private cars is a meaningful step for sustainability. With a design
that brought the Metrobus system as it is known today to the
world, he tried to show that public transportation in urban
transportation creates less fuel consumption and stronger
socialization areas (Cirit, 2014: 57).

In the urban form of Curitiba, while middle and high-income
groups live in the center of the city, low-income groups live in
the urban periphery. Housing policies that enabled low-income
groups to be in the vicinity of Curitiba in the 1970s led to spatial
inequality today with the COVID-19 pandemic. Most of the
cases and deaths in the city consist of low-income groups living
in the urban periphery (Perotti and Driessen, 2021). The city is
implementing its local policies regarding the pandemic through
an application called the “PlanC Project”, a platform that
supports both local services and more vulnerable communities.
This platform, aims to minimize the risk of vulnerable and fragile
communities being affected more by the COVID-19 pandemic,
to cooperate with local businesses for risk reduction, and to
monitor vaccination processes (World Economic Forum, n.d.).

Although Curitiba has been shown as a model proposal to
other cities with the “PlanC Project” in its fight against the
pandemic, it has not fully solved the problem of socio-spatial
inequality. In the south of the city, public transportation services
are scarce in this region, and the intensive use of existing public
transportation continues despite the pandemic. Therefore, the
number of cases in this region is higher when compared to the
city as a whole. The fact that health services are in the city center,
the population in the periphery has difficulties in reaching the
urban center, and the problems experienced in accessing the
COVID-19 vaccine deepen socio-spatial inequality (Souza and
Bega, 2020).

Rio de Janeiro

After hosting the UNFCCC in 1992, Rio de Janeiro has been
trying to carry out its sustainability policies effectively. To
reduce carbon emissions, the use of light-duty electric vehicles
in urban transportation has been increased and policies such as
carbon pricing have been adopted (Silva et al., 2020). After the
flood disaster experienced throughout the state in 2010, high-
risk area assessments were made with mapping methods to
increase urban resilience (Barbosa and Walker, 2020). 22% of
the population of Rio de Janeiro live in slums called “favelas”
and those areas have the highest value on risk maps. These
regions are places with high disaster risk, high social fragility,
and inadequate urban services such as housing, health, education,
and lighting. With the COVID-19 pandemic, which is described
as a biological disaster, serious vulnerabilities are observed in
favelas, both in the field of health and socially (Bernardo et al.,
2021: 596). Favelas are conducting a local solidarity process to
increase their social resilience during the pandemic process
(UNIC Rio, n.d.). With the solidarity networks they have
established, actions are carried out through non-governmental
organizations, universities, and individual initiatives in their
areas such as facilitating access to information on the pandemic,
ensuring food safety, creating solutions for drinking water
problems, conducting free testing and treatment processes, and
monitoring vaccination processes (Fernandes, ed., 2020).

The city administration had lifted the full closure measures it
had taken to prevent the spread of the virus, with the trend of the
number of cases falling. This situation has caused both an
increase in the number of cases and the rapid spread of mutation
virus species called “Brazil and Delta variants” (Ferraz, 2021).
In the studies conducted in the city, it has been concluded that the
deaths due to COVID-19 are higher in the densely populated
low-income population (Schiray, 2021). Therefore, it is possible
to say that the vulnerable communities living in the city are not
resilient and therefore their local policies regarding the social
dimension of sustainability goals are insufficient (Bernardo, et
al., 2021; Fernandes, et al., 2020).

Germany

Germany is the country with the highest greenhouse gas
emissions among European countries. Besides that, as one of the
countries that assume the most responsibility, it implements
projects that include actions aimed at adopting clean energy
initiatives, reaching sustainability goals until 2050, and adopting
“adaptation and mitigation” strategies (Scholz, et al., 2016).
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However, in the elections held in 2021, a coalition government
was formed in which a green party is also in the coalition, and it
is stated that the “carbon-neutral” target is also included in the
coalition agreement (DW, 2021).

In Germany, which has a federal structure, local policies
depend on the states that make up the federative structure. For
this reason, there is no central health authority in the management
of the pandemic process in the country, but a local and national
struggle, in which 16 states are responsible for their regions.
Germany, which has enacted the National Infection Protection
Law, has set three goals in the fight against the epidemic: to
protect health and maintain the effectiveness of the health
system, to mitigate the economic impact of the pandemic, to
manage the epidemic with international cooperation (Jochen,
2020: 2).

Berlin

In Berlin, sustainability policies are carried out together with
the German Sustainable Development Strategy, the Federal
Government, non-governmental organizations, and all other
actors. There are regional centers called “Regional Centers for
Netzstellen
Nachhaltigkeitsstrategien — RENN” to achieve sustainability

Sustainability Strategies - Regionale
goals. With the “Berlin Energy and Climate Protection Program
2030 adopted in 2018, it is aimed at the city to become carbon
neutral by 2050 and to implement adaptation policies for climate
change. The city has various policies and practices on many
issues such as urban temperature, buildings, green space, air,
water, infrastructure, and energy to adapt to climate change and
climate crises (SDGs in Berlin, n.d.). Combining global
sustainability principles with global health principles, Berlin
prepared a call to action called “One Health Berlin Principles” in
October 2019, and a short time after this call, the COVID-19
epidemic started. The “One Health Berlin Principles,” consists
of 10 items created by experts from different disciplines that are
aimed to improve the health of people, animals, and common
environments (ecosystem, biodiversity, urban green spaces, etc.)
in a holistic manner and line with ethical principles. Berlin
declares that it will base the post-pandemic recovery process on
these principles (Gruetzmacher, et al., 2021).

The first measure taken by the municipality was to meet the
“emergency childcare” and “elderly care” services for the groups
that had to work during the pandemic restrictions. In addition,
due to the risks posed by public transport, the number of
additional bicycle lanes and bicycles belonging to the

municipality has increased. With the decisions made afterward,
these bike paths were made permanent (Umwelt Bumdesamt,
2020: 18). Support was given to occupational groups, employees,
and business owners affected by the epidemic (The Governing
Mayor of Berlin, 2021). For the homeless living in the city, since
the beginning of the pandemic, the city administration has been
placed in hotels, and the testing, treatment, and vaccination
processes have been followed (DW, 2020; Euro Cities, 2021). In
addition to being a city that takes pioneering steps in the
implementation of sustainability principles on a local and global
scale, Berlin also carries out integrative policies that can set an
example during the pandemic process.

Heidelberg

Heidelberg was the first city to create and implement a
climate action plan for sustainability at both state and country
levels (Graczyk, 2015: 211). The city’s most significant
application in this area, which aims to manage urban energy
efficiency in a climate-sensitive manner, is the “Passivhause”
project. The most outstanding feature of the “passive houses” is
that the building is energy efficient, has a carbon-neutral
application, and has a design suitable for the urban heat island
effect (C40 Knowledge, 2021). The resistance that the city tries
to provide in both its spatial structure and management strategies
with a green understanding also comes to the fore during the
COVID-19 pandemic process. In a city with a population of
approximately 160,000, the number of COVID-19 cases and
deaths is low (Coronavirus Die Lage in Heidelberg, 2022).

In Heidelberg, measures and policies regarding COVID-19
are carried out by the Baden-Wiirttemberg state regulation to
which the city is affiliated. Information about the epidemic is
provided throughout the state through the web page of the local
government and the “CORONA WARN-APP” mobile application
(Coronavirus Die Lage in Heidelberg, 2022). For the public
health crisis caused by the pandemic, the city administration
offers various support to scientists from different disciplines so
that they can act jointly (Allianz von Heidelberger, 2020). The
effective implementation of public health policies in Heidelberg,
the determined policies of the city administration towards
climate, and the lack of a dense urban population ensure high
resistance during the pandemic process.

Japan

Japan is one of the top five countries most responsible for
global emissions. It had committed to reducing its emissions by
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26% by 2030. Although Japan announced that it will increase
this rate in the 2018 Green Climate Fund renewal process, it has
been reported that its efforts are insufficient, and it remains
below its target carbon emission rate (Climate Action Tracker
Japan, 2021). Aiming for a green recovery after the COVID-19
pandemic, Japan is increasing its investments in hydrogen energy
to reduce carbon emission rates (GZR, 2020).

Japan is a country where a constitutional monarchy and a
parliamentary government system are run together and have a
decentralized structure. Therefore, the fight of local governments
against the epidemic progresses depending on the central
government, but it is quite insufficient in terms of financial aid
related to the epidemic (Suppasri, et al., 2021). Due to its elderly
and crowded population and its proximity to China, Japan carries
out the emergency action plan that it has put into effect since the
beginning of the epidemic. The most essential elements in
Japan’s fight against the virus are early diagnosis, early
intervention, improvement of intensive care services, and rapid
adaptation of citizens to the measures (Iwasaki ve Grubaugh,
2020). However, as of January 2021, Japan started to have
difficulties in controlling the epidemic, delays in the vaccination
process that went well, and an increase in the number of cases
compared to other Asian countries observed (Fritz, 2020). The
period with the highest number of cases in the country is seen in
July 2021, when the Summer Olympics are held (Kelly and
Slodkowski, 2021).

Tokyo

The renewable energy and disaster management policies of
the Tokyo Metropolitan government highlight the city in terms
of sustainability. The city of Tokyo, in line with international
policies, aims to switch to zero carbon and meet its energy needs
from renewable energy sources by 2050 (Kishimoto and Kobari,
2020). The city government is making hydrogen energy
investments to reach its carbon-neutral target (Kato and
Kurosawa, 2019). The city, which is located on the ocean coast,
is also faced with many risks due to its location in the earthquake
zone (Akyiiz, 2021: 70). In this city, where seismic phenomena
and natural events due to the climate crisis are intense, “resilience
and sustainability” are the policies that take first place (Giilcen
Eren, 2019: 918).

Tokyo, which has a large population, is a city with a high rate
of elderly population. Despite this, the most important reason for
the low number of cases and death rate in the city is the experience
of the Spanish flu epidemic in 1918. Thanks to this experience,

Tokyo was able to immediately implement applications such as
fast and free testing, contact tracking systems, and isolation
(Updates on COVID-19 in Tokyo, 2022). The highest number of
cases seen in the city was experienced after the Summer
Olympics in 2021. While the benefits that such organizations
will provide to a city under normal conditions are high, it has led
to an increase in the number of cases under pandemic conditions
and the re-implementation of state of emergency decisions in the
city (Kelly and Slodkowski, 2021).

The most considerable reason for the low number of cases in
Tokyo is that the city administration is subject to harsh sanctions
to create an emergency action plan and the society to comply
with it. Although Tokyo is in a high-risk region, it has had
difficulty in coping with many problems brought on by the
pandemic, even though it implements resilience and sustainability
policies. The pandemic process, as seen in the Tokyo example,
provides some clues to the difficulties that growth may create in
the future.

Yokohama

Rapidly industrializing and rapid urban development,
Yokohama started a waste program in 2003 regarding its crucial
environmental problem, urban waste. With this program,
approximately 43% of urban waste is recycled (Ito and Reid,
2020: 1657). Within the scope of the “eco-model cities” program
initiated by the Japanese government, Yokohama is seen as an
“eco-model” with the best solid waste management policies in
the country (Kerimova, et al., 2020: 21). In addition, the city
creates regional incentives to reduce greenhouse gas emissions,
carries out hydrogen energy investments and decarbonization
policies, and has been expanding environmental education
practices at all education levels throughout the city since 2006.
The Japanese government sees Yokohama as an incubation
center for the “smart city project” by the reason of its
environmental policies and aims to implement smart urban
systems in the city (Suwa, 2020: 393).

The Olympics held in Tokyo also affected the city of
Yokohama, and a serious increase was observed in the number of
cases in the city after the Olympic races. Although this increase
caused strain on the city’s health systems, rapid treatment
processes could be provided thanks to the city’s local and global
networks (The Asahi Shimbun, 2021). The city administration
has created a special team called Y-CERT (Yokohama
Coronavirus Emergency Response Team) to respond quickly to
new cases (Mayor Message, 2021). Yokohama also manages the
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vaccine supply and rapid vaccination processes well, thanks to
these networks and its health system (Open Yokohama, 2022).

Yokohama is a city that strives to implement sustainability
policies to increase its urban resilience due to its geography.
With the COVID-19 pandemic, increasing the resistance against
epidemics has become one of the city’s other goals.

South Africa

The Republic of South Africa, which is described as a regional
actor in the African continent, is governed by a parliamentary
democracy based on the presidential system. With the signing of
the Paris Agreement, South Africa took decisions on renewable
energy actions, decarbonized electricity, carbon tax practices,
and the national adaptation process. However, South Africa
needs international support to achieve these goals (Council of
the EU, 2013). The existing socioeconomic inequalities, hunger,
access to clean water, and diseases in the region have reached
serious dimensions with the COVID-19 pandemic (Maulds,
2020). Along with the pandemic, South Africa is seen as the
country that can best manage the restriction measures,
vaccination, and treatment processes in the African continent.
However, since South Africa is a country that provides food
security and supply in the African continent, the disruptions in
the supply chain by the epidemic triggered not only the virus risk
but also the risk of hunger throughout the continent (Wegerif,
2020: 798).

In the country where immigrants from other countries on the
African continent are concentrated, applications such as vaccines
and treatments are not carried out for immigrants during the
COVID-19 pandemic. This situation not only increases the rate
of spread of the virus in the country but also causes an increase
in the number of cases and deaths (Mukumbang, et al., 2020).

eThekwini - Durban

Insufficient water resources common in South Africa are one
of the main problems of the region. Durban municipality has
mapped the water resources within the city limits to solve this
problem (Sim et al., 2016: 45). The water and sanitation unit
called EWS (The eThekwini Water and Sanitation Unit),
established by the municipality, serves water and sanitation
policies throughout the country by addressing the dimensions of
“economic, service and spatial differentiation” (Sutherland et al.,
2014). To solve the problem of poverty and food insecurity
prevalent in the African region, the municipality of Durban has
expanded urban agriculture practices both in the city center and

in the city periphery. However, these practices are insufficient
due to the socioeconomic inequalities existing in the city
(Khumalo and Sibanda, 2019: 2).

Durban, one of the biggest cities in South Africa, is weaker in
sectors such as tourism, production, and logistics when compared
to other big cities. Therefore, this weakness in the current
economic structure of the city has deepened with the pandemic
(Mantzaris ve Ngcamu, 2020: 119). Increasing unemployment
rates due to the pandemic affected the service sector and a serious
loss of capital was experienced in the city as investors withdrew
their money from the markets. To manage this process, eThekwini
Municipality established a local economic intelligence program
called Durban Edge and provided support to certain levels of
sectors during the mandatory shutdown periods (Maharaj and
Reddy, 2020: 207).

Another situation experienced in Durban is the evacuation of
unregistered city residents from their homes and the city due to
COVID-19. The municipality based this application on the
reasons such as providing basic services better and increasing
public welfare and did not carry out any policy regarding the
accommodation of people who became homeless because of
evacuations (Kihato and Landaou, 2020). The deficiencies
regarding basic needs in the city have deepened with the
pandemic and the problems of vulnerable and disadvantaged
groups have grown as a result of social exclusion.

Johannesburg

Johannesburg, which is the largest city in South Africa,
unlike the national government, pays attention not only to
reduction strategies but also to adaptation strategies (Mokwena,
2009: 27). In addition to policies at the national level, energy
security has been focused on about climate change through the
organization called SALGA (South African Local Government
Association), which was established to increase cooperation and
solidarity between local governments (SALGA, 2013). The
municipality of Johannesburg aims to prevent food insecurity
with its “Green Economy Strategy” in 2013 with urban
agriculture practices and carries out policies to encourage
agroecological agriculture (Kroll, 2021). Despite all these
incentives and supports, Johannesburg remains far from the
social goals of its sustainability goals due to problems such as
gender inequality and unjust income distribution (Vyas-
Doorgapersad, 2017: 173). When the COVID-19 pandemic is
added to the existing vulnerabilities, both the economic and
social fragility of the city increased (Ekumah, et al., 2020).
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Table 2: Findings on the selected cities by their size, density, and resilience to the COVID-19 Pandemic

COoVID-19
CASE DEN-
COUNTRY CITIES CITY SIZE SITY RESILIENCE IN THE PANDEMIC PERIOD
(INFECTIONS /
DEATHS)

«"Safe Haven” centers for the homeless,
-Problems in the health system in general,
<Low-income groups and blacks are more affected,
(BIG SIZED) (HIGH) «Inequalities in access to treatment (including vaccines) (Black and Latino groups and low-inco-
me groups are at a disadvantage),
The United -Social and economic resilience is low.
States of
America -Due to the increase in the construction sector and high rents, many people were staying in
shelters and higher COVID-19 cases were observed in these houses,
The problem of racism (infections and deaths were mostly observed in Hispanics and Afri-
Philadelphia  (SMALLSIZED)  (LOW) can-American citizens),
«There was an increase in layoffs,
-Urban resilience is very low due to the social, economic, and growing construction sector.

New York City

-An application called “PlanC Project” for the pandemic.
-Most cases and deaths are from low-income groups living in urban periphery.
(SMALL SIZED -Health services are in the city center, and the population in the periphery has difficulties in
(HIGH) transportation to the urban center.
+Due to the problem of socio-spatial inequality, social, environmental, and urban resilience is
low.

Curitiba

Brazil

-Case numbers were observed mostly in “favelas”.
-Favelas tried to resist the pandemic with their own neighborhood solidarity networks
Rio de Janeiro (BIG SIZED) (HIGH) -Due to income inequality and spatial inequalities, its resilience has further decreased during
the pandemic period.

+To handle “emergency childcare” and “elderly care” services during the pandemic period,
-Urban services for access to clean and healthy food,
-Homeless people have been placed in hotels by the city administration since the pandemic
process started,
-In addition to the social and health fragilities during the pandemic process, economic fragility
has been prevented to a significant extent.

Berlin (BIG SIZED) (LOW)

Germany
-Pandemic policies in the Baden-Wirttemberg state regulation are carried out,
-Notifications through the “"CORONA WARN-APP” mobile application,
The city administration offers various supports to scientists from different disciplines so that
they can act jointly,
The determined policies of the city administration towards the climate and the lack of a dense
urban population ensure high resistance during the pandemic process.

Heidelberg (SMALL SIZED) (LOW)

-Urgent action plan and harsh sanctions for society to comply with this plan,
<They could not control the increase in cases during the Summer Olympics,
Tokyo (BIG SIZED) (LOW) -Due to being a large and crowded city, they had difficulty providing social resilience,
The increase in the number of cases during the international Summer Olympics, which is a
critical issue in the growth of a city, paved the way for discussions on the future of growth.

Japan
+A special team named Y-CERT (Yokohama Coronavirus Emergency Response Team) has been
formed,
-Due to the Summer Olympics, the number of cases has increased, and the city’s health systems
have been challenged,
-Urban resilience and sustainability are necessary in this city where seismic activity is intense.
For this reason, policies have been prepared to increase resistance against epidemics.

Yokohama (SMALL SIZED) (LOW)
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+During the pandemic period, unemployment increased, the service sector weakened and

investments in the country decreased,

-Support was given to sectors at the levels determined by the Durban Edge policy,

«The number of cases and deaths is not disclosed and there are doubts about the reliability of

the figures announced,
«Increase in social exclusion

-The vulnerability of the city has increased with the pandemic due to deep income inequality,

deprivations in the health system, and social exclusion. It needs outside support.

«Gender inequality and income distribution inequality in the city is very high and this situation

eThekwini
(Durban) (BIG SIZED) (LOW)
South Africa
Johannesburg (SMALL SIZED) (HIGH)

has deepened with the pandemic,

-There have been great difficulties in accessing water and food during the pandemic process.

«The social, economic, and environmental resilience of the city is quite low. For this reason, it

needs international support.

Johannesburg is a city that receives a lot of immigration
because it is one of the economic centers of South Africa. For
this reason, the most intense COVID-19 cases in South Africa
were seen in this city (Gauteng Cases, 2021). As in other cities of
South Africa, the current difficulties in accessing water and food
in Johannesburg have caused an increase in social anxiety due to
the full closure practices implemented due to COVID-19
(Ekumabh, et al., 2020). The death of the mayor of Johannesburg,
Geoff Makhubo, on 9 July 2021 due to COVID-19 has further
increased this concern (Stoltz, 2021). Therefore, the state of both
social and physical resistance, which existed in the current
situation of the city before COVID-19, has deepened with
COVID-19.

DISCUSSIONS AND CONCLUSION

The pandemic, which emerged as a global public health
crisis, has turned into a social, economic, and spatial crisis
experienced by the capitalist world, with all networks locked. It
has also been proven that the climate crisis, another global crisis,
would have the same effect. Today, states that admit that they are
unprepared for the crisis created by the pandemic, in their
discourse on the pandemic, list the various targets they have
signed under international climate agreements and explain their
post-pandemic recovery strategies. This study paves the way for
discussions on whether engaging global sustainability networks
are effective in achieving sustainability goals, and whether
participating in these networks would be enough for economic,
social, and environmental resilience of cities or not.

Findings showed that (see Table 2) although some progress
has been made in terms of resilience and sustainability in small-
sized cities in the USA, it is seen that there are still problems
such as “poverty and homelessness” in the social dimension of
sustainability in large-sized cities. This can be explained by the
arms’ length state policy of the USA which does not pay enough

attention to social dimensions of resilience such as excluding
Black and Latin groups stimulating the vulnerability of the
large-sized cities in adapting the COVID-19 crisis.

The first situation encountered in cities in Brazil (see Table
2) is social income inequality and inadequacies in basic needs.
Although these cities make commitments to achieve their
sustainability and resilience goals, the vulnerabilities of low-
income groups living on the periphery of the city are high due to
income inequality. We have seen no difference between big and
small-sized cities in adapting to the COVID-19 crisis. Because
the inequalities have mainly caused low-income groups to be
positioned intensively in the city peripheries, and it has been
observed that the number of cases is high in these regions. It has
been observed that existing spatial inequalities increase
vulnerability more during the epidemic process which must be
supported by national and local policies strongly.

In the cities of Germany, the strong local policies in adapting
to COVID-19 also depend on strong national policies on
sustainability issues. We have seen an important role of bottom-
up policy making in the welfare state regulations which make
cities adaptive to crisis regardless of their size. We have seen that
each city has the flexibility to create its policies. German cities
which have a strong local economy and fiscal decentralization
allow them to carry out their policies on sustainability and
resilience together.

We have seen that the local policies in Japan on adapting to
COVID-19 are in line with the national policies. National-local
integration in policies makes cities adaptive to this crisis both in
big-sized and small-sized cities. The rapid adaptation of society
to the restrictions related to the pandemic is perceived as a
normal attitude which is in line with its authoritarian management
style of the Japanese state.
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Problems such as access to basic physical and social needs
and unequal income distribution existed in South Africa before
the pandemic reached serious dimensions . Exclusionary policies
towards immigrants in the country are observed in the selected
cities. We have seen a striking difference between big and small-
sized cities in adapting to the COVID-19 crisis in South Africa.
While small sized city, Durban, had a high density of cases
during the pandemic, big-sized Johannesburg had relatively low
dense cases during COVID-19. This is related to reaching the
basic needs. It will not be possible to achieve the goals of
resilience and sustainability without providing for basic needs
and social and spatial justice in the country. So, states should
consider the equal distribution of social and physical resources
in adapting to be resilient during the crisis.

We have found that small-sized cities adapted to the
COVID-19 crisis more than big-sized cities. However, the social
infrastructure need should also be taken into consideration in
adapting resilience as the Curitiba, Brazil case shows. Choosing
different cities with varying sizes shows that sustainability and
resilience policies of a strong state and welfare system support
are important in the resilience of cities.

It is also seen that the sustainability and resilience targets
determined by the global urban networks do not have an
influential effect in adapting cities to resilience, under the risk
conditions created by the pandemic. Sustainability targets should
notremain in discourse and effective policies (such as distributing
equal infrastructure and social support to cities regardless of
their size but by considering the density of the population) should
be considered not only at global level agreements but also by
national and local policies and actors which have a significant
role on designing resilient policies. Findings showed the
necessity of social and physical dimensions of a multi-layered
process of decision-making involving local, national, regional,
and transnational actors in adapting to global environmental
problems such as epidemics and climate crises.
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ABSTRACT

The concept of space, which is constantly reshaped within the routine activity of geography, forms its contexts through the processes it undergoes, and
constructs its basic relations through the “other”. This relationality, which embodies all kinds of dichotomic constructs such as good-bad, beautiful-ugly, and
political-apolitical, can have a natural fiction or be based on hegemonic structuralism loaded with ideology. While it can ensure the continuity of individual
and collective culture, identity, and memory, it can also commodify the reproduction of all kinds of power elements. Therefore, the relational relations of
space can only be understood depending on when, where, and by whom it is constructed. Football spaces, where this relationality is intensely embedded,
are constantly reproduced by different actors at different scales and presented to the daily life consumption of individuals and societies in new contexts. In
this context, this article aims to analyze the relational contexts of football spaces in the case of the Qatar World Cup. In the study, in which the qualitative
research method was used, the data obtained from Twitter users during the 2022 World Cup were analyzed using content and descriptive analysis
techniques. As a result of the research, it was understood that football spaces have multi-layered sociopolitical, economic, and cultural contexts constructed
by both individual and ideological actors and systems.

Keywords: Critical Human Geography, Culture Industry, Cultural And Political Geography, Football, Hegemony, Relational Space, Sports Geography

oz

Cografyanin rutin eylemselligi icerisinde strekli olarak yeniden sekillenen mekan kavrami, ugradigi siireclerle baglamlarini olusturarak “oteki” Gzerinden
temel iliskilerini insa etmektedir. lyi-kétt, giizel-cirkin, politik-apolitik gibi her tiirlii dikotomik kurulumu biinyesinde barindiran bu iliskisellik dogal bir
kurguya sahip olabildigi gibi ideoloji yukli hegemonik bir yapisalliga da dayanabilmektedir. Bireysel ve kolektif kilttrin, kimligin ve bellegin strekliligini
saglayabilirken ayni zamanda her tlrli glic unsurunun yeniden Uretimini metalastirilabilmektedir. Dolayisiyla mekanin iliskisel bagintilari ancak ne zaman,
nerede ve kim tarafindan kurgulandigina bagl olarak anlasilabilmektedir. Bu iliskiselligin yogun bir sekilde icerimlendigi futbol mekanlari ise farkli aktorler
tarafindan farkli 6lceklerde sirekli olarak yeniden tretilmekte ve yeni baglamlariyla birey ve toplumlarin gtindelik yasam tiiketimine sunulmaktadir. Bu
kapsamda bu makalede, Katar Diinya Kupasi 6rnekleminde futbol mekanlarinin iliskisel bagintilarinin analiz edilmesi amacglanmaktadir. Nitel arastirma
yonteminin kullanildigi calismada 2022 Diinya Kupasi siirecinde Twitter kullanicilarindan elde edilen verilericerik ve betimsel analiz teknigiile coziimlenmistir.
Arastirma sonucunda futbol mekanlarinin hem birey hem de ideolojik aktorler ve sistemler tarafindan kurgulanan ¢ok katmanli sosyopolitik, ekonomik ve
klturel baglamlara sahip oldugu anlasiimistir.
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1. INTRODUCTION

As with all sub-disciplines of the social sciences, geography has
been significantly influenced by the post-structuralist theory. These
influences have been recognized in all aspects of geographical
endeavors, especially in the study of the individual, society, and
space, which are the three main research areas of human geography.

Post-structuralism has affected not only what geographers
should analyze, but also how they should analyze, that is, their
research methodology. Following this influence, geographers
have begun to use innovative research methods to analyze a wider
range of sociospatial phenomena than was previously possible.
Another common feature of post-structuralism and (human)
geography is the interest in “relationality”. When post-
structuralists and geographers began to closely examine spatially
located interactions, they began to realize that there are many
different types of relations that pass in and around particular
spatial locations (Murdoch, 2006, p. 2). The fundamental problem
concerns the often poorly defined nature of the “relations” that
constitute space and/or place. What are these relations? What is
related? How is it that some things (places, etc.) are rich in
relations, while in other places relations are weak? Who relates the
actions? Is there anything that is not related (Cresswell, 2013, p.
220)?  These questions are essentially an output of the
multidimensional social, political, economic, etc. construction of
space. On the one hand, this construction is unconsciously
constructed by the subject himself according to the sociological,
theological, psychological, and cultural characteristics of the
subject, mostly within the basic rituals of his daily life, while on
the other hand, the subject, which cannot be outside of power
relations (Foucault, 1980), is defined by hegemonic constructions
and shaped according to limited contexts. In the secondary
situation where the subject is in the receptive position, power can
redefine its relational contents in very complex ways (Leitner,
Sheppard, & Kristin, 2008, p. 169) by fetishizing all kinds of space
phenomena (language, religion, race, body, cultural values,
entertainment, leisure, etc.) to produce the commodity it desires
by its ideological form and ensure its continuity. Consumption of
the emerging spatial relations by the subject without knowing the
perpetrator, on the one hand, enables the natural succession of the
relationship, on the other hand, the new relational dynamics that
emerge in the implementation phase re-categorize the semantic
and connotative dimensions of space. This situation has been a
basic postulate of the late capitalist period in which the subject is
made to exist only in consumption practices and is “thingified”
through media tools and other manipulators of the market culture
(Simsek, 2016).

The postmodern period is based on the circulation of
“position”, that is, the relationship between points and
phenomena, rather than the spatial (point) foundations of space.
Therefore, individuals maintain their ontology not in a space
decorated by different colors separated by certain boundaries,
but in heterotopias as a set of relations defined as positions
irreducible to each other (Foucault, 2000, p. 294). In this natural
context, there is no mention of a certain centrality in space. As
there is no formal similarity, any phenomenon in space does not
have a primary or secondary status vis-a-vis another, but is in a
constant state of relation, becoming, and flow. The problem that
is important in these principles regarding space is whether it is
the subject itself or the power surrounding it and the ideological
apparatuses it possesses that “postpones, neutralizes or reverses”
(Foucault, 2000, p. 295) the totality of relations regarding the
representations produced. The basic answer to this question lies
in space and its relational dimension. Because space itself, which
has a heterotopic context, has the specificity of difference in a
tremendously diverse social geography. Therefore, space is
perceived, produced, and consumed by both the subject and
power in different thematic patterns and scales. In the spatial
appearance that emerges and functions mostly based on the
hegemony of power, the subject is mostly involved in the
production of spatial relations within the boundaries determined
and/or desired by the power.

One of the relational spaces where power is intensively
involved in reconstruction and consumption is football pitches.
The fact that football extends far beyond its spatial practice with
its new contexts also makes it an important component of the
geography of sport. Because the geography of sport is also
influenced by the structural analyses brought by poststructuralist
theory to cultural studies: (a) the relationship of organizations to
sociopolitical, cultural, and economic connections (b) the
correlates and distribution of spatial development (c) the
consequences of hegemonic imposition after colonialism and
postcolonialism (d) the historical development of sport, its
massification and, especially with digitalization, the labels of
information on sociospatial practices; and (e) the emotional and
affective correlates that mobilize ethnic, religious, sectarian, and
sexual collective influence (Bale, 2002 cited in Gregory et al,
2011, p. 718), analyzing the construction of an archaeological
and anthropological geographical view of the sport. Thus, the
deterministic approach focusing only on objective facts between
sport and geography was overcome, and sociopolitical, cultural,
and economic relations were focused on in accordance with the
meaning world of critical thinking (Avci, 2006, p. 107). Based
on this theoretical context, football spaces, which Nelson
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Rodrigues (as cited in Talimciler, 2005, p. 87) describes as “If all
you see is the ball, it means you see nothing.”, offer a unique
area of investigation in terms of sports geography. Influenced by
the imperialist global structure, it produces the interests of power
and capitalist consciousness as an area of interest for all segments
with billions of dollars of capital (Ocal, 2002, p. 128; Talimciler,
2008, p. 93). However, football spaces can also be functional as
spaces of resistance against hegemony with their symbolic
coding and practices based on participation. Therefore, football,
with its multi-layered relations, has left behind its modest
approach and has shown considerable variability.

Accordingly, this study analyzes the relational dimensions of
football as a form based on spatial practice in the Qatar World
Cup sample. In addition, the study examined whether football
represents the resistance of individuals against the structure by
transcending its physical boundaries and whether it is a place of
reproduction of subjects as an apparatus of the culture industry.

2. THEORETICAL AND CONCEPTUAL
FRAMEWORK

2.1. Structurality of the Relational Space

There are three fundamental key concepts that define and are
identified with the discipline of geography: space, subject, and the
consolidating relationship between the two. Although these words
essentially shape the ontology of social sciences, the main
phenomenon that constitutes their specific weight in geography
stems from the discipline’s attempt to analyze all kinds of
dynamics, such as culture, identity, memory, power installations,
etc., related to the subject by addressing human-environment,
space, field studies, and geoscience traditions (Pattison, 2003; Ar,
2022) from a holistic perspective. At this point, space, which
constitutes the basic conceptual plane of the research and derives
from the Latin word space with the meanings of distance or
distribution (Agnew, 2004, p. 81) It can be stated that the concept
has been on the agenda of geographers intensively. Moreover,
when the deconstruction of the hermeneutical context between the
user and the user is analyzed, it can be stated that it is reduced to
quite various contexts. Moreover, not only because of its
relationship with the subject, but also because of its apriority
context, space is too value-laden to be handled on an essentialist
basis with its plural (cultural, political, concrete, abstract, social,
relative, absolute, etc.) meanings (Bilgili, 2020, p. 89). This
composite structure of the space, which contains a context which
is more than the whole of its parts, experienced a significant
change, especially in the 1950-1960 period. In the process in

which the modern world system was based on the axiom of
positivist epistemology, geography abandoned its analytical
approach to the relationality between space and subject and tried
to quantify the general laws of space (Bekaroglu, 2016, p. 130-
131). In this Euclidean conception of space, which has a static,
immutable, and quantitative context, the subject and thus the
related social contexts are ignored (Ar, 2021, p. 10-11). However,
especially after 1970, the shift from modernism’s mechanistic
understanding of society and science to postmodernism’s
pluralistic, local, and contextual epistemology has changed the
positivist paradigm in the social sciences. In fact, in the words of
Bekaroglu (2016), this change, which signifies a return to the
tradition of monocultural science, has enabled geography to return
from the geometric and passive design of space to an active
relational space that is shaped and constructed by different social
contexts loaded with ideology, power, and government (Kaygalak,
2011, p. 5). The main element that gains importance in the lens of
postmodern geography is clarifying the cultural, identity, and
political contexts of the subject by tracing different meanings,
organizations, and changes related to space (Kaya, 2013, p. 34).
This is because the concrete boundaries of space are pragmatically
shaped by material practices and processes that mediate the
reproduction of everyday social life. In other words, all forms of
social construction involve specific spatial patterns and thus
practices (Ar, 2020, p. 168). This is the result of the mutual
production of the individual and space based on their dichotomous
necessity because it is natural for both space and subject to produce
one another, to construct identical contexts, and to transform one
another depending on the metaphor of time (Bilgili, 2016). The
phenomenon that emerges at this point is “relationality” as the
tertiary concept of geography. Studies that emerged as the
antithesis of the understanding of absolute space and labeled as
relational space in geography (Amin, 2004; Massey, 2013; Malpas,
2012) have increased significantly. The common feature of these
studies is that they see space as a product of connections rather
than a product of a basic self on the basis of relational thinking.
This approach is an anti-essentialist way of thinking (Cresswell,
2013). Critical geography, in particular, has shaped the thematic
position of space as active, dynamic, and composed of relations
(Ar, 2023).

Since any sense of spatial solidity or permanence arises only
from the coming together of connections and processes, Massey
(2005) insisted that a relational understanding of space is a
product of mutual relations, a field of multiplicity, and that it is
always in process or in becoming. Since space consists of
competing and co-existing relations, it has an unpredictable
character that can produce “new spaces, new identities, new
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relations, and differences” (Massey, 1999). Relational space
becomes “a meeting place”, a place where relationships
intertwine and intersect (Massey, 2008). The relational
construction of space is both a consensual and a contested
process. “Consensual” because relations are often made up of
agreements or harmonizations between two or more entities;
“Contested” because the construction of a set of relations can
lead to the exclusion of some entities (and their relations), while
others are adopted and consumed through hegemonic processes
based on coercion or consent. Massey (1999, p. 8) summarizes
this complex process at the core of his approach in three basic
propositions: (a) Space, as defined above, is a product of
reciprocal relations. These interrelationships pass through
different spatial scales, from the local to the global, and all points
in between. (b) Space is the sphere of the possibility of
multiplicity. Since various relations “pass-through” space - that
is, they constitute space - they can all exist spatially. (c) Space is
never closed and can never be fixed. In other words, space is
always in the process of becoming as relations emerge: “always
in time” there are connections yet to be established, juxtaposition
yet to become interactions and relations that may or may not be
realized. According to Soja (1998), all these “marginal” areas
come together in what he calls the “third field. “This term is
added to Soja’s categories of ‘first space’ (the formal organization
of things in space) and ‘second space’ (representations and
concepts of space) found in the work of Lefebvre (2014). Soja
defines the third space as follows: The third space [...] is
portrayed as multifaceted and contradictory, oppressive and
liberating, passionate and routine, knowable and unknowable. It
is a field of radical openness, a field of resistance and struggle,
and a field of multiple representations that can be analyzed
through their binary oppositions. It is a meeting space, a space of
hybridity and mestizaje, and a margin or border beyond
established boundaries, where ties can be broken, and new ties
can be forged. It can be mapped but never captured in traditional
cartographies, it can be imagined creatively but only makes
sense when implemented and fully lived.

It is only possible to comprehend and analyze space if both
are understood and functional together. As a result, space is not
static but dynamically (re)shaped. It is also not absolute, depends
on who is looking and can be perceived in different contexts
depending on the position of the actors. In short, relational space
isa“power-filled” space where certain alignments are constructed
through the ideological, cultural, and social forms of the subject,
but at the same time passively fetishized and dominated. These
relational geographies, which Lefebvre (2014) describes as the
epitome of politics, are as far removed as possible from a

worldview of neatly enclosed compartmentalized worlds, which
are intensely constituted by deeply structural forces and practices
(Cresswell, 2013). Especially considering the fact that fluid
modernity reorganized the individual and his/her geographical
environment with intricate relations on the one hand and
reconstructed the subject, which it spontaneously abstracted on
this ground, through hyperreality in supermodernity, analyzing
the latent/implicit production between the subject and space has
become possible with the development of poststructuralism in
geography. As Gregory (1994, p. 75-76) summarizes: The
closures and certainties of the objectivist tradition in human
geography have become increasingly suspect [...] a kind of
strategic reversal has now come into force that constantly
disturbs attempts to claim a summarized unity for the
geographical project. Therefore, it has been argued that “critical
human geography must pay attention to how meanings are spun
around the topoi of different lifeworlds and woven into social
practices and power relations.” (Bell & Valentine, 1997).

2.2 Football as a Space of Culture Industry, Ideology,
and Hegemony

As a fundamental component of physical and mental
development, sports and practice spaces, with their different variants
(athletics, gymnastics, volleyball, basketball, football, rafting, etc.)
are an important dynamic of individuals’ daily life practices.
However, sport, which today exceeds the reality and conditions it
has with its different dimensions from micro to macro scale, is no
longer just a set of movements and events that occur internally but
has become a reflection of the process of revealing the sociopolitical
and cultural phenomena at the core of a community (Hognestad,
1997, p. 195). At this point, football, which stands out more in the
global spectrum compared to other sports applications, has
transcended the spaces in which it is mobilized and has multiple
contexts with its deep structural relations that it establishes with the
subject and is constructed on behalf of the subject.

Football was first played in China and Egypt between 5000
and 2500 BC (Erdogan, 2008, p. 26). The process of evolving into
a modern sport dates back to the English Football Association,
founded on October 26, 1863, with the participation of 11 club
representatives. After this date, the realization of the English Cup
in 1871, the establishment of the English Professional Football
League in 1888 (with the participation of 12 clubs), the formation
of the International Football Associations Association (FIFA) on
May 24, 1904, and the first World Cup in Uruguay in 1930 enabled
football to spread in Europe, Latin America and Asia (Stemmler,
2000, p. 103). Industrialization, which forms the basis of today’s
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political and cultural relations, has had a great impact on the rapid
development and worldwide spread of football. The change in
social life practices with industrialization, urbanization, and the
differentiation of working conditions with the emerging new
social classes have necessitated the control of the masses. At this
point, football has been used as an ideological device to keep
bodies fit for more functional gains and to behave according to the
dynamics determined by the hegemonic structure based on the
understanding of managing the leisure time of workers who are
under heavy conditions and exploited by Fordist practices
(Ongéren & Karadogan, 2002, p. 214). The emergence of football
as a sporting practice of the proletarians in the face of aristocratic
games such as tennis and cricket (Sahin, 2010, p. 223) can be
considered a semiological reflection of the inverse proportion
between ball size and class position (the smaller the ball, the
higher the class position) (Biiker, 1992) on the relationship of
exploitation. Although it has been subjected to significant
transformations over time, the relationship between football and
social life has moved to a different dimension due to globalization
in the last quarter of the 20th century. While the symbolic values
within it have increased its importance, economic developments
have deepened the relationship between football and the
ideological system. In the process of adopting consumption to the
masses with neoliberal policies, football has paved the way for its
commodification due to its ability to influence societies (Talimciler,
2008, p. 92). This situation, in which the Frankfurt School defines
culture as “the thing” in which capitalist production relations are
shaped by continuous production and which it defines as the
culture industry, causes the masses who cannot attain the desired
life to reach satisfaction without problematizing the structure in
this deprivation (Adorno, 2007, p. 74). The return of football
culture, with the changes that have taken place since the last
decade of the twentieth century, has prepared the way for the
industry to move from the realm of cultural pursuit to the multi-
billion-dollar entertainment industry. Full integration of the game
into the competitive arteries of world capitalism (IFA, 2013) has
become one of the biggest expenditures in the sports and
entertainment industry. So much so that football, which attracts
the intense interest of exploited and elitist sovereigns with its
capital worth billions of dollars, was established in the middle of
stadium spaces. However, over time, it has become a “football
industry” with its intermediary actors expanding hierarchically
toward the periphery (Ocal, 2002, p. 128). In the football industry,
where the audience is subalternised, many consumption concepts
are offered through intermediate actors (club, football player,
broadcast, etc.) (Yilmaz, 2002, p. 21). Among them, the betting
industry, which has a capital of more than [ trillion dollars and
simultaneously markets the visible pleasure of the female body, is

used as an important tool (SABAH, 2023). In the football industry,
the most important device that mediates the exploitation of
societies by ensuring their control is the mass media. The
opportunities provided by digital broadcasting have increased the
industrial value of football. The (digital) media, which makes
football an element of globalization, can, on the one hand, market
the practice as a phenomenon of cyberspace by eliminating
borders, and on the other hand, create formal and informal
categories of production and consumption (betting, digital money
trading, product marketing, etc.) for actors with the tools it has
developed (Twitter, Discord, Instagram, Facebook, etc.).

Although the football industry attempts to dominate actions
and orientations by influencing the human mind through mass
communication (Ozdag, Duman, & Fisekgioglu, 2011, p. 15). At
the same time, it is also a space of oppositional organization
against hegemonic structures as a place of resistance, resurrection,
and politicization based on mass media. As a state of being
intertwined with the politics, this situation produces common
grounds for communities and builds geographies of resistance
between concrete and cyber spaces. These spaces become centers
of the search for freedom as geographies where crowds can
express all kinds of sociopolitical reactions (criticism of
exploitation, culture and identity politics, sexist installations,
etc.) against power structures. At the same time, as spaces where
historical constructions are reconstructed, football is
reconstructing national consciousness as spaces where the
postcolonial struggle is carried out, and on this basis, the cult of
exploitation is kept alive in social memory. This context, in
which at sense of integration emerges, also has a function in
which nationalist discourse is produced and the identity of “us”
is constructed through the creation of the “other” (Hobsbawm,
1995, p. 170), and mediates the development of a democratic,
resistant, and alternative culture.

3. MATERIAL AND METHOD

« Phenomenalogical Design « Purposive Random Sampling Working
« Critical Paradigm G
* Qualitative Approach roup
Material and Method
Data
Analyses

 Content Analysis
 Descriptive Analysis

Figure 1: Material and method.
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A phenomenological design was used in this research, which
aims to analyze the type of relationships individuals develop
through football spaces and the dynamics that are effective in
revealing such relationships. As one of the five basic types of
approaches used in social science studies, the phenomenological
design provides significant advantages to researchers in
explaining the views, perceptions, and thoughts of the
phenomenon/subject about a concept, event, or phenomenon
(Rose, Beeby, & Parker, 1995, p. 1124). The underlying factor
underlying the choice of the phenomenological perspective is
the attempt to illuminate the context between the individual,
society, and space by centering the critical paradigm in the study.
Because discovering the power and structural construction
relations in the datasets obtained from individuals’ acquisitions
by the researcher and categorizing them through the main
themes, performing scientific analyses for change, and analyzing
the areas of domination, alienation, and struggle (Morrow &
Brown, 1994) necessitates the selection of a research paradigm
suitable for the study design based on the study design. In this
direction, qualitative research was used to study of the critical
nature of the research. Thus, it enabled the researcher to address
the subject of the study in a sociopolitical and cultural context
and enabled the integrity between approach, paradigm, and
method in the research by enabling its unique reflectivity and
specificity in its analyses (Creswell, 2015, p. 45).

3.1. Working Group

Twitter User Real Name

TRT Spor 11,7%

Lig Radyo 97%
Football Critix 8.8%
ZPOR 7.6%

Play Spor 6,4%
Medyascope Spor 6.0%
TRHaber Spor 5.8%
AA SPOR 54%
Diinya Kupasi Haberler 4,5%
Fotomag 4,2%
MetaSpor 4,2%
Skorer 4.2%
Spor Arena 4,0%
o ®
0% 2% 4% 6% 8% 10% 12% 14% 16%

Graphic 1: User information and sharing rates in Twitter activity.

Purposive random sampling was used in the study to obtain
richer dataset and to increase the validity/reliability of the study
(Flick, 2010). In random sampling, a sample group is first
determined from the universe, and then the subgroup that is
thought to contribute the most to the research within this study
group is determined (Tashakkori & Teddlie, 2010). In this
context, the study group consists of users who use the social

media platform Twitter during the 2022 Qatar World Cup. After
determining Twitter users as the population group within the
scope of purposive random sampling, the participants were
limited to the subgroup that shared the hashtag study related to
the World Cup for the purpose of the research. The information
of the 15 corporate users based on the research and their data
weights in the sample group are shown in Graphic 1.

3.2. Data Collection and Analysis

In the analysis of social media data, the data obtained from
the selected sample group can be used directly in a user-centered
manner or can be analyzed in the context of word-based criteria.
In the user-centered criterion, data collected from limited
accounts determined within the scope of simple purposive
sampling by the purpose of the study can be analyzed, whereas
in the word-based criterion, predefined tags (hashtags) or key
concepts can be analyzed as a result of the snowball-like increase
in messages and responses to them (Einspédnner, Dang-Anh, &
Thimm, 2014, p. 99). In this direction, the Twitter social media
tool was used as the data source of the study, and the data of the
study were collected by following three stages: In the first stage,
the dataset was obtained through the Twitter hashtags
“Qatar2022, #Morocco, #FIFAWorldCup, #FIFAWorldCup2022,
#BoycottQatar2022” initiated by the purposive random sampling
group and retweeted by other participants. First of all, the
hashtags ranked on Twitter related to the Qatar World Cup
between 20 November-18 December 2022 were followed and
necessary notes were taken. The hashtag data were then extracted
and recorded from the Twitter system through the MAXQDA
program for a period not exceeding one week. The main reason
for such an application is that the MAXQDA web collector
feature used for data collection allows only the last week of
Twitter data to be stored. This process was repeated for each
hashtag, and a total of 209,455 tweets were recorded.

In the second phase, it is the stage in which the collected data
are sorted by the purpose and basic problem of the study. The
dataset obtained in this phase was sorted through a computer-
aided program, and 135,088 tweets were classified for direct use
in the study. In the third stage, the data obtained were analyzed
in depth using content and descriptive analysis techniques.
Content analysis, as an analysis technique used significantly in
the qualitative research methods, is an in-depth and patterned
application of the subject included in the research. Content
analysis, as an effort to make a meaningful whole by revealing
the relationships and consistency in multidimensional qualitative
data (Patton, 2014), is an application carried out for visual
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expression as well as concepts. In this regard, all kinds of words
and phenomena involved in the information process are
considered as texts (Neuman, 2014). The data decided to be
analyzed by the researcher are grouped under certain concepts,
subthemes, and main themes, each of which is related to the
other, and designed to appeal to the meaning world of the reader.
Finally, the correlation between descriptive analysis and content
analysis is ensured by quoting the memos obtained during the
analysis process for each category and the data classified by the
weight assignment method. In this context, the data were
analyzed using the MAXQDA 2022 computer-aided software
program, which has visual and statistical tools for visualization
and thematization. Since coding is a cyclical practice and it is not
possible for the researcher to produce perfect coding at one time,
the two-dimensional cycle technique, which is frequently used in
content analysis, was used. After the precoding process is
completed, the first coding process of the data is carried out by
selecting the ones suitable for the purpose of the study among the
seven basic practices (grammatical, basic, affective, literature
and language-based, exploratory, procedure-based, and
thematizing the data). The second coding cycle is the process of
reorganizing the data obtained in the first cycle. At this stage,
facts that are perceived as irrelevant are associated with each
other in a logical way. Codes, sub-codes, and main categories are
harmonized with each other. For this purpose, patterned, focused,
axial, theoretical, exploratory, and longitudinal coding techniques
can be applied in the second cycle of coding (Saldana, 2019, p.
69). Nevertheless, in both the first and second coding cycles, one
sub-coding technique for each dimension can be selected, or the
coding function can be performed by operating multiple
application techniques together. At this point, in the first coding
process of the study, the descriptive, process, and In Vivo coding
techniques under the basic application technique were applied
together. By using the axial coding technique, the coding process

that will provide code, sub-code, and main category integrity in
the second cycle of the coding process was completed.

4. ANALYSIS AND FINDINGS

Within the scope of the study, the data obtained from Twitter
users were analyzed through content analysis, and the relational
dimensions put forward in the context of the 2022 Qatar World
Cup were categorized in a way to form meaningful integrity, and
the main differences were examined. At the same time, the
relational dimensions representing the conceptual summary of
the expressions on football spatiality are specified under 4 main
categories and 11 sub-categories. In this framework, the
frequency ratios of the data analyzed through the Twitter hashtags
“Qatar2022, #Morocco, #FIFAWorldCup, #WorldCup2022,
#BoycottQatar2022 " are shown in Table 1.

When the opinions of the users about the 2022 Qatar World
Cup on Twitter were analyzed, it was determined that the
political main category had a higher percentage than the total
rates of all other main categories, with a frequency rate of
55.36% in terms of total rates. It was followed by the theological
(18.76%) and cultural (15.72%) main categories in second and
third place, respectively. Among the main categories, the main
category with the lowest frequency percentage in terms of total
proportions was sports marketing with 6.34%. In terms of
subcategories, the concepts of the boycott of exploitation
(31.48%), postcolonial reaction (21.90%), and the spread of
Islam (18.04%) under the political main category and the
theological main category, respectively, were the first three
categories with the highest frequency percentages. On the other
hand, the conceptual expressions with the lowest frequency
percentages were determined as: Muslim stance in the theological
main category (0,72%), political identification in the political

Table 1: Frequency analysis of the opinions of users in the context of football spatiality.

Main Category Intermediate category #BoycottQatar2022 #worldcup2022 #FIFAWorldCup #Morocco  #Qatar2022 Total

Boycott of exploitation 56.10 11.30 20.30 13.20 56.50 31.48

-, Postcolonial reaction 0.19 20.70 17.60 57.20 13.80 21.90
Political (%) ) R

Iranian resistance 2.00 0.20 0.00 0.70 3.00 1.18

Political identification 2.00 0.60 0.20 0.90 0.30 0.80

Subtotal (%) 60.29 32.80 38.10 72.00 73.60 55.36

Theological (%) Muslim stance 1.20 0.20 0.50 1.10 0.60 0.72

Spread of Islam 6.90 28.00 33.30 12.70 9.30 18.04

Subtotal (%) 8.10 28.20 33.80 13.80 9.90 18.76

Cultural (%) Arab culture 2.50 4.70 5.30 1.80 1.70 3.20

Europe saw civilization 1.90 4.10 4.40 2.70 1.10 2.84

Cultural capitalism 4.30 25.80 12.00 4.30 2.00 9.68

Subtotal (%) 8.70 34.60 21.70 8.80 4.80 15.72

Sports Women and betting 1.10 1.30 3.40 2.40 4.80 2.60

marketing (%) Online betting 2.90 3.20 3.00 2.80 6.80 3.74

Subtotal (%) 4.00 4.50 6.40 5.20 11.60 6.34
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main category (0,80%), and [ranian resistance. In addition,
when the highest and lowest frequency ratios related to sub-
concepts in terms of main categories were evaluated, the
following results emerged: The subcategories of the boycott of
exploitation (31.48%) and political identification (0.80%) in the
political main category, the spread of Islam (18.04%) and
Muslim stance (0.72%) in the theological main category, cultural
capitalism (9.68%) and Europe saw civilization (2.84%) in the
cultural main category, and online betting (3.74%) and women
and betting (2.60%) in the sports marketing main category were
the concepts with the highest and lowest frequency rates,
respectively.

When analyzed in the context of Twitter hashtags, the
following results were obtained in terms of main categories: In
the political main category, the subcategory of postcolonial
reaction (57.20%) under the hashtag #Morocco had the highest
frequency rate. In the theological main category, the subcategory
ofthespreadofislam (33.30%)underthe hashtag #FIFAWorldCup
had the highest frequency percentage, while in the cultural main
category, the subcategory of cultural capitalism (25.80%) under
the hashtag #worldcup2022 had the highest frequency percentage.
Finally, in the sports marketing main category, the online betting
subcategory (6.8%) under the #Qatar2022 hashtag was the
concept with the highest frequency percentage.

Figure 2 shows the concept network of the main category
political. When the relevant figure was analyzed, it was
determined that the main category formed by Twitter users’
expressions on the relationality between football and politics
consisted of 4 subcategories and 31 concepts. In the subcategory
boycott of exploitation, which has the highest concept frequency
among all subcategories in the political main category, the
concepts of oil and the power of money (14528) and capital
exploitation (10149), and the expressions exploitation of labor
(9627), starvation and waste (1691), and America (238) under
exploitation of capital were the subcodes most frequently
mentioned by the users, respectively. On the one hand, these
concepts highlight the unequal geographies created by global
capitalism, and on the other hand, they reflect the reaction that
intensely implies the labor power that the elitist hegemony
commodities and exploits on this basis. In particular, the fact that
the concept of FIFA bows to money ranked third with 2052
frequencies under the subcategory boycott of exploitation also
refers to the relational categorization of the liberal dynamics of
capital exploitation, such as being supposedly transparent,
egalitarian, and democratic. These relational dimensions related
to the political main category were confirmed by user
expressions:

“This football system, controlled by the rulers, one of the most

important areas of ideological hegemony, intertwined with finance

&
Western hegemany (171) cm}
hae European exploitation (682)
% s
- -
y T &
&l &l cal Exploitation of labour (3627)
Crusader remnant (1212) Colanial (9864) Starvation and waste (1691)
ey
e ‘ ™
e | \
@/ance (13386) | reg— ——— &
| Oil and th f 14528) Exploitation of capital (1014g)AMerca (238)
Coloniser (3171) il and the power of money (14528)
{ |
| \
4 x| :
@1 = Macran (647 a _ @
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Boycott of exploitation
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Figure 2: Code-subcode concept network for the
political main category.
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capital, is an opium.” (#BoycottQatar2022)

“2 million Muslim slaves worked in the construction of these
stadiums under the harshest conditions, some of them returned to
their countries without even receiving their money, and many of
them lost their lives.” (#BoycottQatar2022)

“They spent so much money on the World Cup that with that
money, every hungry and miserable Syrian would have been
satisfied.” (#worldcup2022)

The subcategory of postcolonial reaction (Figure 2) under
the political main category was the subcategory in which users
produced discourse based on historical, cultural, and political
affiliations during the World Cup, which Turkey could not
participate in. At this point, it was determined that the sub-code
of the Moroccan team’s war with the colonizers (12557) with the
sub-expressions of Morocco and Portugal (1056), Morocco and
France (617) and Morocco and Spain (461) was the concept
with the highest frequency density. It was followed by the sub-
concept of colonial with a frequency density of 9864. Under this
concept, expressions such as European exploitation (682) and
Western hegemony (171) are generally associated with the
contextual dynamics of Western geographical colonialism. In a
specific sense, the expression colonizer (3171) under the concept
of France (13386), the subcodes Afirica (2380), Macron (647),
and the concept of crusader remnant (1212) were the postcolonial
output of the historical struggle between the Ottoman Empire
and France.

“#France defeated Morocco, the pride of Africa in the World Cup,
with players recruited from Africa, again exploitation, again
exploitation...” (#Morocco)

“The Franco-Moroccan struggle is a match between the exploited
and the slaves of the exploiter. 80% of the French team is African.”
(#Morocco)

“A big halal to Morocco for sending the Spaniards, who were
disturbed by the sound of the call to prayer, back to their country
with a prostration of thanksgiving after the victory <« Allah”
(#Morocco)

In Figure 2, Iranian resistance is another sub-code that stands
out in the political basis category. This subcategory was
determined by the reflection of Twitter user expressions on the
events that started with the murder of a woman in Iran and the
national football team participation in protests by not singing the
national anthem at the 2022 Qatar World Cup. Under the
subcategory of the Iranian resistance, the concept with the

highest frequency number was Mehsa Emini (1581). In relation
to this expression, the concepts of women's resistance (1230),
free women (1103) and no to violence against women (1102)
were frequently mentioned. The second sub-code was a
revolution (1490) with the concepts of Iran protests (2203) and
civil coup (1695), followed by the concept of a nation on fire
with a frequency of 1173.

“People are being slaughtered in the streets of Iran for demanding
basic human rights.” (#worldcup2022)

“Violent behavior against women in Iran violates their civil rights.
Women do not have the right to freedom to watch or play football
and other sports matches.” (#Qatar2022)

“Iran national team footballers support #MahsaAmini protests: The
footballers refused to sing the national anthem, while the fans
supported the protests by holding banners reading “Women, Life,
Freedom.” (#worldcup2022)

Another relational dimension that emerged especially in the
context of users, was the reproduction of political identity. At
this point, when Figure 2 is analyzed, it is determined that the
last subcategory that emerged under the main category of
political is political identification. In the sub-code systematic
where users frequently emphasized the concepts of AKP (1480),
CHP (1334), MHP (1158), and HDP (1047)" respectively, the
relationality of the ideological construction between football and
national dimension through political identity emerged.

“HDP members should go and defend America in Iran vs America
match, after all, they are brothers in fate.” (#worldcup2022)

“The match between Morocco and Spain is a struggle between
poles as different as AKP and CHP. The struggle between the
exploiting CHP and the nationalist AKP and MHP who
revolt against exploitation... “(#FIFAWorldCup2022)

The theological main category, which indicates the concepts
that users put forward in the context of the relationship between
religion and football in the context of the 2022 Qatar World Cup,
consists of 2 subcategories and 9 concepts (Figure 3). The fact
that the World Cup, which is the locomotive component of the
football industry, was held for the first time in a country whose
official religion was declared as Islam (Qatar) was intensely
reflected in the conceptual emphasis of Twitter users. At this
point, when Figure 3, which shows the theological main category,
is analyzed, it is determined that the sub-code of the spread of
Islam has a higher frequency number. Under the related concept,

1 The AKP, CHP, MHP, and HDP are political parties representing different ideologies in Turkey.
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Figure 3: Code-subcode concept network related to theological main category.

opening with Surat al-Rahman (3498) and the expression
Morgan Freeman and Islam (10440) expressed in relation to this
concept came to the forefront, while in the second place, the
Muslim stance sub-code and the concept prohibition of alcohol
(1750) emphasized in relation to this concept were frequently
mentioned.

became the host of one of the most exciting cups in the world with
a successful organization from opening to closing, from stadiums
to matches, with a surprise like Morocco.” (#Qatar2022)

“At the 2022 World Cup in Qatar, a Mexican fan who was attracted
to Islam became a Muslim by bringing the Kelime-i Shahada. They
saw the truth. Moreover, there are so many Muslims that it was

worth Qatar spending so much money hahaha...” (#worldcup2022)

“I could swear that even atheists are chanting Allah Allah in those

stadiums in Qatar, but I can’t prove it @ @@L D@ E” Another main category shaped by the expressions put forward
(#Qatar2022) by the users through football relationality, which is also seen as
“In the World Cup, where the West constantly criticized the a fundamental element of cultural geographical transmission, is
drinking ban and regulations because it is a Muslim country, Qatar the cultural basis category (Figure 4). It was determined that the

/ Cultural \
- @ o

Arab culture

Europe saw civilization /C_ultura capitalism
& el cal
Qatar to wear "bist" (2770) Where is Shakira Culture industry (2458)
where is Tukoh Takah /
(1740)
(Cll
Money (1495)

Figure 4: Code-subcode concept network for the cultural main category.
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cultural main category, which signifies the area where popular
culture is fetishized, consists of 3 subcategories and 4 concepts.
The subcategory with the highest frequency was cultural
capitalism, which consists of the concepts of cultural industry
(2458) and money (1459) in relation to this concept and where is
Shakira where is Tukoh Takah (1740), respectively. The Arab
culture subcategory, under which the concept of Qatar to wear
“bist” (2770) is also included, was the category with the second
highest frequency density, followed by the subcategory of
European saw civilization.”We must realize once again that
civilization and culture can be bought with money.” (#Qatar2022)

“When did it go from Shakira’s Waka Waka to Myriam Fares’
Tukoh Taka (&3 (#Qatar2022)

“Westerners love the toilet with a tap in Qatar. Maybe you can learn
) (#worldcup2022)

some civilization, uneducated Bedouins (*

Women and

betting

Pinbet (28)

Live ben:g\\
(667)
B ———— s
Bahis (6;)\

Buzbet (16)
Ultrabet (87)

First address for
betting (17)

Livebet (74) \ Betting (245)
N
29)
Bet (81)

Betbaba (

Bet.com (30)

Bet prediction (39)

of 2 subcategories and 34 concepts. With its frequency and concept
density, the online betting subcategory was determined to be the
subcategory where expressions related to both legal games of
chance such as, football-based betting (671), and prohibited games
of chance such as casino (306) and trial bonus (362), came to the
fore. In addition, the female body can be transformed into a means
of pleasure through the practice of football. At this point, another
subcategory that shows that the female body is made the object of
games of chance is women and betting.

“& Winning with BetitBet tastes completely different! ‘&7
(#worldcup2022)

“BBRatio 3.70 ¢ EBSubscribe and start winning with the number
1987 (#Qatar2022)

“Friend, am [ going to look at the girls on this betting site or am [

)22 2@ (#worldcup2022)

Sports
marketing

Bilyoner (52)

/Casino (306)

Forecast (35)
Online\>

betting Selcuksports (46)
/ Nesine (93)

safe (374)  Gain(238)

iddaa (671) Banko(182)  Binance (11) Bist100 (41)

Bitcoin (151)
Freebet (337) / Bonu1(223) \
REEEC) Free bonus

Trial bonus (130)

Bitcoinholiday
(738) Coinbase (362)

Betwinner (45) 42)

Bono (62)

iddaa
predictions
(304)

Figure 5: Code-subcode concept network for the main category of sports marketing.

Another main category that emerged as a result of the analysis
of Twitter user expressions was the main category of sports
marketing (Figure 5). The main category of sports marketing is
reflected in user expressions in football relationality, which has
become a very large industry with its dependent informal
consumption systematic in addition to formal marketing areas
(advertising, product sales, broadcasting respaces, etc.), consists

Among the Twitter hashtags “Qatar2022, #Morocco,
#FIFAWorldCup, #FIFAWorldCup, #WorldCup2022,
#BoycottQatar2022”, which constitute the basic dataset of the
research, the 19 most frequently used common concepts related
to Qatar2022 and #WorldCup2022, where the highest code
frequency was obtained, are shown in Figure 6. When the
hashtags #Qatar2022 and #worldcup2022, which came to the
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Figure 6: Qatar2022 and #worldcup2022 the most frequently used common concept network on twitter.

fore in the Twitter activity in which users were involved at
different times, were analyzed on the basis of main categories, it
was determined that the political main category ranked first with
10 common concepts. The theological (5), cultural (3), and
sports marketing (1) main categories follow it, respectively. The
top five concepts with the highest number of expressions with
common concept usage in both datasets are: oil and the power of
money (11745) and labor exploitation (8853), which are under
the political main category; where is Shakira and where is Tukoh
Takah (8660), which are under the cultural main category;
Morgan Freeman and Islam (7494), which are under the
theological main category; and France, which is also under the
political main category. On the other hand, the common
conceptual expressions with the lowest number of frequencies
were: Africa (621) and France, look, the Ottomans are coming
(674) in the political main category; Allah (855) in the theological

main category; crusader remnant (989) in the political main
category and religious posters (1335) in the theological main
category. The most balanced common concept emphasis in both
Qatar2022 and #worldcup2022 Twitter hashtags was the phrase
France, look, the Ottomans are coming under the political main
category, which had frequency densities of 340 and 334 in
Qatar2022 and #worldcup2022 hashtags respectively. However,
the expression with the most irregular frequency distribution in
the common concepts between the two datasets was the concept
of labor of exploitation, which is also connected to the political
basis category. The concept of labor exploitation, which has a
frequency number of 8844 in the hashtag #Qatar2022 (8844),
has a frequency number of 9 in the hashtag #worldcup2022.

When Figure 7, which shows the conceptual relations and the
intensity of these relations that users put forward through football
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spatiality in the context of the 2022 World Cup, is examined, it is
determined that the subcategory of women and betting under the
main category of sports marketing is frequently mentioned
together with the concept of capitalist exploitation in the political
basic category. The subcategory of Iranian resistance under the
main category of politics is frequently mentioned with the
concept of capital exploitation under the subcategory of boycott
exploitation. This concept is also heavily associated with the
notion of free women under the concept of Mehsa Emini. Both
the concepts of Mehsa Amini and free woman are densely
intertwined with the concept of capital exploitation, which is in
the subcategory boycotting of exploitation. In addition, the
concept of Mehsa Amini in the Iranian resistance subcategory
was frequently associated with the /ranian revolution and the
Iran protests related to this concept. The concept of the lranian
revolution was frequently emphasized together with the concept
of no to violence against women under the expression Mehsa
Amini and with the concept of capital exploitation in the boycott
of exploitation subcategory of the civil coup expression under
the Iranian revolution.

The concept of boycotting of exploitation in the political
main category is associated with the concepts of Qatar to wear

“bist”, cultural capitalism, and money under the cultural main
category, while at the same time, it is frequently emphasized
with the expression France in the postcolonial reaction
subcategory. Again, the concept of FIFA bows to money under
the subcategory boycotting of exploitation was frequently
mentioned together with the expression capital exploitation in
the same subcategory, while the concept of capitalist exploitation
was frequently mentioned together with the expressions
European exploitation and Africa in the postcolonial reaction
subcategory and with the concepts of money and culture industry
under the main category of culture. The expression America,
which is related to the concept of capital exploitation under the
subcategory boycott of exploitation, is frequently mentioned
with the concept of Africa in the postcolonial reaction
subcategory, while the concept of labor of exploitation, which is
also under capitalist exploitation, is intensively coded with both
the concept of Africa and the cultural industry in the main
category of culture and the concepts of oil and the power of
money in the subcategory boycott of exploitation. Again, the
concept of oil and the power of money under the subcategory of
a boycott of exploitation was frequently associated with the
cultural main category of cultural industry, cultural capitalism,
Qatar to wear “bist” and the theological main category of
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opening with Surat al-Rahman, fans run to Islam, prohibition of
alcohol, religious posters and Morgan Freeman and Islam. The
concept of the Moroccan team’s war with the colonizers under
the subcategory of postcolonial reaction under the main category
of politics is intensely emphasized with the concepts of the
colonizer, France, and European exploitation in the same
subcategory. The concept of Muslim stance under the theological
main category is frequently mentioned in terms of the spread of
Islam, as well as the concept of cultural capitalism under the
cultural main category. In addition, the concept of France, look,
the Ottomans are coming under the expression of the Moroccan
team’s war with the colonizers is intensely associated with the
concepts of France and the crusader remnant and colonizer
concepts under the postcolonial reaction subcategory.

The cultural main category was the second category with the
highest relationship density after the political main category.
The FEuropa saw civilization subcategory under this main
category, Qatar to wear “bist” under the Arab culture
subcategory, and the fans run to Islam, Morgan Freeman and
Islam under the theological main category, were frequently
mentioned together with the concepts of religious posters and
opening with Surat al-Rahman. The subcategory of cultural
capitalism was frequently emphasized with the concepts of
Qatar to wear “bist” under the Arab culture subcategory and
Morgan Freeman and Islam under the theological main category.
Again, the expression of Qatar to wear “bist” under the Arab
culture subcategory was frequently emphasized together with
the concept of France, look, the Ottomans are coming in the
political main category. Finally, the theological main category is
the one in which the relational contexts of Islam and its basic
dynamics are presented. Under this main category, the concept
of fans run to Islam was frequently emphasized with the opening
with Surat al-Rahman, prohibition of alcohol, Morgan Freeman
and Islam in the same main category, while the concept of
religious posters under this concept was frequently emphasized
with the concept of Arab culture in the cultural main category.

5. DISCUSSION AND CONCLUSION

Relationality, as the fundamental dynamic of the discipline
of geography in general and [critical] human geography in
particular, creates a dichotomous context by shaping the
semiology of dialogical networking between subject and space.
These spaces, which can develop in multidimensional forms in
the world of meaning of individual and collective memory, are
the spaces where social, political, and cultural construction is
constantly reconstructed at different scales. The findings

obtained in the context of football spaces within the scope of the
research clearly support the dimensions of this relationality.
When the themes that emerged in the context of the main
categories in the study were analyzed, it was determined that the
political main category came to the fore with the subcategories of
the boycott of exploitation, postcolonial reaction, Iranian
resistance, and political identification (Table 1). This situation is
actually parallel to the chronological adventure of the first
emergence of football. Because it is unthinkable that football,
which emerged as a tool of the bourgeoisie to numb and intimidate
the proletariat, should be isolated from power relations as an
alternative field of resistance against hegemonic installations in
the process of evolution, as a place of oppositional feelings and
emancipation (Arik, 2004, p. 180). In this context, football as a
space of revolt against sociopolitical inequality (Rowe, 1996, p.
23) Football continues to be a series of politically charged
articulations. Considering the Janus-faced relationship between
football and politics, since the subject(s) are actors in this context,
they can mobilize by building common ground in different areas
of daily life. Therefore, the concept of lranian resistance (Figure
2) categorically emerged in Twitter user expressions depending on
the actual situation in the 2022 Qatar World Cup. In this
categorization, where the construction between ideology and
politics gives rise to social reaction through the female body,
football spaces have become oppositional spaces where social
strata are organized and the discourse that is expressed/not
expressed on the streets is resonated. This is reflected in user
expressions through the subcategories of the boycott of exploitation
and postcolonial reaction (Figure 2), which have the highest
frequency in the main political category. Football spaces, where
the image of us and the other is revealed/exposed with sharp
boundaries, show that historical realities, conflicts, polarizations,
and xenophobic stances are reconstructed at the representation
level. As it is understood from the user findings, this relational
dimension can inwardly construct the context of “7” with “us” (as
in the subcategory of political identification), while determining
the distance and legitimacy of us with the other, thus ensuring
identity formation and continuity. At this point, the concepts of
European exploitation, colonizer, France, Moroccan team’s war
with the colonizers, France, look, the Ottomans are coming, and
the relations established between them (Figure 7), which are
reflected in user expressions through the dialectic of East and
West, refer to historical consciousness on the one hand, and on the
other hand, they enable the reconstruction of political, social,
cultural, etc. identity by constructing the “self/us” categorization.
Of course, this situation, which takes place in a systemic dimension,
is reflected in the frequency density in the subcategory of the
boycott of exploitation with the concepts of oil and the power of
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Graphic 2: World Cup expenses by year (Bizimungu, 2022).

money, capital exploitation, America, starvation and waste,
exploitation of labor in the political main category, and the
concepts of online betting, women and betting (Figure 2) in the
main category of sports marketing (Figure 5). In this regard, the
commodification of football by abstracting it from being an
alternative field based on the resistance of the subject to democratic
foundations is reflected in the concept network through two basic
contexts: First, it reveals the relationship between football and
capital. In particular, the financial expenditure that arises as a
result of the mass dissemination of the consumption industry to
produce the economic objectives of capitalist exploitation is
emphasized through the context of unequal geographies (such as
the concept of starvation and waste).

For example, the fact that many urgent humanitarian
emergencies in the African continent could be eliminated with the
220 billion dollars spent by Qatar during the 2022 World Cup
(Graphic 2) is one of the important indicators of this inequality.
The second, related to the first issue, is the fetishization of
individuals and their bodies in the context of football and the
diversification of consumption concepts for them in order for
capital to gain more profit. In this regard, the main category of
sports marketing (Figure 5), which came to the fore with the
concepts of online betting, betting, and women in user statements,
was a basic reflection of this relationship. So much so that while
the online betting market creates a new exploitation area with its
huge capital (1 trillion dollars), it also creates masses who want to
get a share of economic rent through systematic constructions

based on consent. The female body is the most important
phenomenon instrumental in integrating these masses into the
betting market offered through football relationality. As it is
understood from the user findings (Figure 5 and Figure 8), the
female body is put forward as an element of “pleasure” in the
consumption of the product (Figure 8). This situation, which
objectifies individuals, reveals perceptual relations through the
sense of emotional/physical curiosity, and creates the desire for
consumption through contextual setups between the environment
and the subject, is a scopophilic hegemonic structuring situation in
which looking is dematerialized as a source of pleasure (Mulvey,
1997). In fact, the transformation of the female body into a
marketing tool is not a new phenomenon but constitutes the basic
impulse of capital functioning. However, this increasingly
intensive use of football, which is based on a masculine
construction with its practical forms, is a result of the categorical
relational consumption of capital through the entertainment sector.
Thus, both physical and digital spatial appearances are coded
through scopophilic relations, and the individual can legitimize
the system of exploitation of which he is the object.

Another important result obtained from the research findings
is the relationship between sport, religion, cultural value
transmission, and preservation. In this framework, it is observed
that the theological basis category (Figure 3) with its subcategories
of Muslim stance (prohibition of drinking) and spreading Islam
(fans run to Islam and opening with Surat al-Rahman) comes
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second in terms of frequency density (Table 1). Given the fact that
the World Cup was organized in a Muslim country for the first
time, the link between Islam and sports has been on the agenda
more intensely than ever before. In addition, the fact that it is
based on an ideological antagonism between Eastern and Western
civilizations has led to the establishment of the relationship
between religion and sport on this ground. For example, in terms
of concept density, the fact that the phrase “Moroccan team's war
with the colonizers” under the political main category was
frequently mentioned together with the concept of the spread of
Islam under the theological main category (Figure 7) was a result
of this relationality constructed through symbolic practices.
However, another important phenomenon is efforts to maintain
conservative attitudes through the correlation between religious
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Figure 8: An example of an advertisement showing the marketing of

betting games through the female body
Source: https://www.casinomaxi708.com/tr/hesap-ac?from=GmxISJ10
TyDMnYCv0X82xmNd7ZgqdRLk-AO0853447337&poduct
=common Accessed 04.01.2022.

Figure 9: Lionel Messi's scene wearing the Qatar Bist in the 2022
World Cup Final (Kilani, 2022).

change and adaptation to global trends. In particular, the alcohol
debates that emerged during the 2022 World Cup and the alcohol
regulation of the Qatari administration have been aimed at ensuring
this harmony and conservative attitude. However, aggressive
marketing and visibility of alcoholic beverages in sports through
sponsorships and TV advertisements during football competitions
is an important component. (Bodet & Amara, 2015). Qatar has
tried to reconcile these two diametrically opposed spectrums by
allowing the sale of alcohol in licensed spaces in the country but
not in stadiums. Thus, it tried to balance the steps toward
modernization with the preservation of tradition. In addition,
sports competitions play an important role in cultural transmission
between individuals and societies with different social values in
different geographies, as in the relationality between religion and
football (especially accelerated by digital information tools). This
transfer, which usually occurs as a result of rational practices, is
made functional in parallel with the means of capital exploitation.
Moreover, as an outcome of the hegemonic nature of the context
between capitalist capital and liberal democracy, it can be stated
that it is the semiotic manifestation of power-oriented legitimacy
(Figure 9). At this point, the fact that the concepts of Arab culture
(Qatar to wear “bist”), Europeans saw civilization and cultural
capitalism (where is Shakira where is Tukoh Takah, culture
industry) (Figure 4) under the main category of culture (Figure 7),
which were among the findings of the study, were intensively
emphasized by the users together with the expressions of hoycott
of exploitation and spread of Islam (Figure 4) was a reflection of
this relationality.

As a result, it was determined in the research that football
spaces have multidimensional relations that are constructed by
different actors rather than a static and apolitical structure. It is
understood that football pitches, where spatial boundaries are
significantly exceeded as application areas, can construct
relational contexts with many forms of daily life such as
identification, acculturation, politicization, and resistance
against the structure of individuals and societies. It can also be
stated that they can be instrumentalized in the functioning of the
exploitation system as places that ensure the continuity of capital,
which commodities all kinds of social phenomena. Therefore, it
is concluded that football spaces, which are not directly seen as
a hegemonic apparatus due to both explicit and implicit
dynamics, play a role as an important component in their
increasing sociopolitical, economic, and cultural relations.

NOTES

1 Figure 7, which shows the relationships between main categories,
subcategories, and concepts shaped by the expressions of Twitter users,
was created according to the following dynamics: (a) Each main
category is constructed as a separate network of relationships. (b) The
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main category is located at the center of the network and subcategories
and concepts are designed to radiate from this center to the periphery.
(c) The main category, subcategory, and related concepts are shaped in
different colors to facilitate distinction. (d) The main category,
subcategory, and concept links are shown with colored, continuous lines
and the arrow directions indicate the subordinate-superior hierarchy of
the code system. Relationships between subcategories and concepts are
shown with discolored and dashed lines. (e) The thicknesses of both the
colored, continuous lines showing the main category, subcategory, and
code connection between the concepts and the colorless, dashed lines
showing the relationship between them were created in a way that their
thicknesses are directly proportional to the frequency rates.
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DERGININ TANIMI

Cografya Dergisi - Journal of Geography acik erisimli, hakemli, yilda
iki kere Haziran ve Aralik aylarinda yayinlanan, 1985 yilindan beri
yayin hayatini siirdiiren bilimsel bir dergidir. Dergiye yayinlanmast i¢in
gonderilen bilimsel makaleler Tiirkce ya da Ingilizce olmalidur.

AMAC VE KAPSAM

Cografya Dergisi zamana ve mekana bagl fiziki ve beseri problemler
icin ¢Oziim lreten cografi yaklasimlara ait (fiziki, beseri, dogal ¢evre
ve cografi bilgi sistemleri) bilimsel arastirmalarin yaymlanmasina, bu
yoniiyle bilimsel bilginin paylasilmasina imkan saglayan bir dergidir.
1985 yilindan beri yayin hayatini siirdiiren dergi bu yoniiyle Tiirkiye’deki
en eski cografya bilimi dergilerinden birisidir.

Derginin ana motivasyonu ¢agin gerektirdigi sosyal, fiziki ve doga-insan
iliskilerinin ve bunun sistematiginin anlasilmasi i¢in bilimsel ¢oziimler
iireten eserlere bir platform olusturmaktir. Bu bakimdan dergi, cografya
bilimini uygulayarak beseri ve fiziki cografya problemlerine ¢oziim
tireten her 6zgiin makaleye agiktir.

POLITiKALAR
Yayin Politikasi

Dergi yaymn etiginde en yiiksek standartlara baghdir ve Committee
on Publication Ethics (COPE), Directory of Open Access Journals
(DOAJ), Open Access Scholarly Publishers Association (OASPA) ve
World Association of Medical Editors (WAME) tarafindan yayinlanan
etik yaymncilik ilkelerini benimser; Principles of Transparency and Best
Practice in Scholarly Publishing basligi altinda ifade edilen ilkeler
igin: https://publicationethics.org/resources/guidelines-new/principles-
transparency-and-best-practice-scholarly-publishing

Gonderilen makaleler derginin ama¢ ve kapsamina uygun olmalidir.
Orijinal, yaymlanmamis ve baska bir dergide degerlendirme siirecinde
olmayan, her bir yazar tarafindan igerigi ve gonderimi onaylanmis
yazilar degerlendirmeye kabul edilir.

Makale yaymnlanmak iizere Dergiye gonderildikten sonra yazarlardan
higbirinin ismi, tim yazarlarin yazili izni olmadan yazar listesinden
silinemez ve yeni bir isim yazar olarak eklenemez ve yazar sirasi
degistirilemez.

Intihal, duplikasyon, sahte yazarlik/inkar edilen yazarlik, arastrma/
veri fabrikasyonu, makale dilimleme, dilimleyerek yayin, telif haklar
ihlali ve ¢gikar catismasinin gizlenmesi, etik dig1 davranislar olarak kabul
edilir. Kabul edilen etik standartlara uygun olmayan tiim makaleler
yayindan ¢ikarilir. Buna yaymdan sonra tespit edilen olast kuraldisi,
uygunsuzluklar iceren makaleler de dahildir.

intihal

On kontrolden gegirilen makaleler, iThenticate yazilimi kullanilarak
intihal icin taranir. Intihal/kendi kendine intihal tespit edilirse yazarlar

bilgilendirilir. Editorler, gerekli olmasi halinde makaleyi degerlendirme ya
da iiretim siirecinin gesitli asamalarinda intihal kontroliine tabi tutabilirler.
Yiiksek benzerlik oranlari, bir makalenin kabul edilmeden once ve hatta
kabul edildikten sonra reddedilmesine neden olabilir. Makalenin tiirline
bagli olarak, bunun oranin %15 veya %?20’den az olmasi beklenir.

Cift Kor Hakemlik

Intihal kontroliinden sonra, uygun olan makaleler bas editér tarafindan
orijinallik, metodoloji, islenen konunun 6nemi ve dergi kapsami ile
uyumlulugu agisindan degerlendirilir. Editér, makalelerin adil bir
sekilde cift tarafli kor hakemlikten gegmesini saglar ve makale bigimsel
esaslara uygun ise, gelen yaziy1 yurtiginden ve /veya yurtdigindan en az
iki hakemin degerlendirmesine sunar, hakemler gerek gordiigi takdirde
yazida istenen degisiklikler yazarlar tarafindan yapildiktan sonra
yayinlanmasina onay verir.

Acik Erisim ilkesi

Dergi agik erisimlidir ve derginin tiim icerigi okura ya da okurun dahil
oldugu kuruma ficretsiz olarak sunulur. Okurlar, ticari amag haricinde,
yayinct ya da yazardan izin almadan dergi makalelerinin tam metnini
okuyabilir, indirebilir, kopyalayabilir, arayabilir ve link saglayabilir. Bu
BOATI agik erisim tanimryla uyumludur.

Derginin acik erisimli makaleleri Creative Commons Atif-GayriTicari
4.0 Uluslararas1 (CC BY-NC 4.0) (https://creativecommons.org/licenses/
by-nc/4.0/deed.tr ) olarak lisanslidir.

islemleme Ucreti

Derginin tiim giderleri Istanbul Universitesi tarafindan karsilanmaktadir.
Dergide makale yaymi ve makale siireclerinin yiiriitiilmesi {icrete tabi
degildir. Dergiye gonderilen ya da yayn i¢in kabul edilen makaleler i¢in
islemleme ticreti ya da gonderim {icreti alinmaz.

Telif Hakkinda

Yazarlar dergide yaymnlanan ¢aligmalarinin telif hakkina sahiptirler ve
caligmalar1  Creative Commons Atif-GayriTicari 4.0 Uluslararas1 (CC
BY-NC 4.0) https://creativecommons.org/licenses/by-nc/4.0/deed.tr
olarak lisanslidir. CC BY-NC 4.0 lisansi, eserin ticari kullanim diginda
her boyut ve formatta paylasiimasina, kopyalanmasina, gogaltilmasina ve
orijinal esere uygun sekilde atifta bulunmak kaydiyla yeniden diizenleme,
doniistiirme ve eserin iizerine inga etme dahil adapte edilmesine izin verir.

ETIK
Yayin Etigi Beyam

Cografya Dergisi - Journal of Geography, yaymn etiginde en yiiksek
standartlara baglhidir ve Committee on Publication Ethics (COPE),
Directory of Open Access Journals (DOAJ), Open Access Scholarly
Publishers Association (OASPA) ve World Association of Medical Editors
(WAME) tarafindan yaymlanan etik yaymcilik ilkelerini benimser;
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Principles of Transparency and Best Practice in Scholarly Publishing
baglig1 altinda ifade edilen ilkeler i¢in adres: https://publicationethics.
org/resources/guidelines-new/principles-transparency-and-best-
practice-scholarly-publishing

Gonderilen tiim makaleler orijinal, yayinlanmamig ve bagka bir dergide
degerlendirme siirecinde olmamalidir. Her bir makale editorlerden
biri ve en az iki hakem tarafindan ¢ift kor degerlendirmeden gegirilir.
Intihal, duplikasyon, sahte yazarlik/inkar edilen yazarlik, arastrma/veri
fabrikasyonu, makale dilimleme, dilimleyerek yayin, telif haklari ihlali
ve ¢ikar ¢atigmasinin gizlenmesi, etik dis1 davranislar olarak kabul edilir.

Kabul edilen etik standartlara uygun olmayan tim makaleler yayindan
cikarilir. Buna yayindan sonra tespit edilen olasi kuraldisi, uygunsuzluklar
iceren makaleler de dahildir.

Arastirma Etigi

Cografya Dergisi — Journal of Geography arastirma etiginde en yiiksek
standartlar1 gozetir ve asagida tanimlanan uluslararasi aragtirma etigi
ilkelerini benimser. Makalelerin etik kurallara uygunlugu yazarlarin
sorumlulugundadir.

- Aragtirmanin tasarlanmasi, tasarimin gdézden gegirilmesi ve
aragtirmanin yuritiilmesinde, biitiinliik, kalite ve seffaflik ilkeleri
saglanmalidir.

- Arastirma ekibi ve katilimcilar, arastirmanin amaci, yontemleri ve
ongoriilen olast kullanimlari; arastirmaya katilimin gerektirdikleri
ve varsa riskleri hakkinda tam olarak bilgilendirilmelidir.

- Arastirma katilimcilarmin sagladigi bilgilerin gizliligi ve yanit
verenlerin gizliligi saglanmalidir.

- Arastirma katilmcilarin  6zerkligini ve sayginligimi koruyacak
sekilde tasarlanmalidir.

- Arastirma katilimcilar1 goniillii olarak arastirmada yer almal,
herhangi bir zorlama altinda olmamalidirlar.

- Katilimcilarin =~ zarar gormesinden kacinilmalidir.  Arastirma,
katilimeilar riske sokmayacak sekilde planlanmalidir.

- Arastirma bagimsizligiyla ilgili agik ve net olunmali; ¢ikar catigmast
varsa belirtilmelidir.

- Insan denekler ile yapilan deneysel c¢aligmalarda, arastirmaya
katilmaya karar veren katilimcilarm yazili bilgilendirilmis onay1
almmalidir. Cocuklarin ve vesayet altindakilerin veya tasdiklenmis
akil hastalig1 bulunanlarin yasal vasisinin onay1 alinmalidir.

- Calisma herhangi bir kurum ya da kurulusta gergeklestirilecekse bu
kurum ya da kurulustan ¢alisma yapilacagina dair onay alinmalidir.

- Insan Ogesi bulunan calismalarda, “yoéntem”  boliimiinde
katilimcilardan “bilgilendirilmis onam”

alindiginin ve ¢aligmanin yapildigi kurumdan etik kurul onay1 alindigimin

belirtilmesi gerekir.

Yazarlarin Sorumlulugu

Makalelerin  bilimsel ve etik kurallara uygunlugu yazarlarin
sorumlulugundadir. Yazar makalenin orijinal oldugu, daha o6nce baska

bir yerde yaymlanmadigi ve baska bir yerde, bagka bir dilde yayinlanmak
lizere degerlendirmede olmadigi konusunda teminat saglamalidir.
Uygulamadaki telif kanunlar1 ve anlagmalar1 gézetilmelidir. Telife bagl
materyaller (6rnegin tablolar, sekiller veya biiyiik alintilar) gerekli izin
ve tesekkiirle kullanilmalidir. Baska yazarlarin, katkida bulunanlarin
caligmalar ya da yararlanilan kaynaklar uygun bi¢imde kullanilmali ve
referanslarda belirtilmelidir.

Gonderilen makalede tiim yazarlarin akademik ve bilimsel olarak dogrudan
katkis1 olmalidir, bu baglamda “yazar” yaymlanan bir arastirmanin
kavramsallastirilmasina ve dizaynina, verilerin elde edilmesine,
analizine ya da yorumlanmasina belirgin katki yapan, yazinin yazilmasi
ya da bunun igerik agisindan elestirel bigimde gézden gegcirilmesinde
gbrev yapan birisi olarak goriiliir. Yazar olabilmenin diger kosullart
ise, makaledeki ¢alismay1 planlamak veya icra etmek ve / veya revize
etmektir. Fon saglanmasi, veri toplanmasi ya da arastirma grubunun
genel siipervizyonu tek bagina yazarlik hakki kazandirmaz. Yazar olarak
gosterilen tiim bireyler sayilan tiim 6lgiitleri karsilamalidir ve yukaridaki
Olgiitleri karsilayan her birey yazar olarak gosterilebilir. Yazarlarin
isim siralamasit ortak verilen bir karar olmalidir. Tiim yazarlar yazar
siralamasini Telif Hakki Anlasmasi Formunda imzali olarak belirtmek

zorundadirlar.

Yazarlik i¢in yeterli 6lgiitleri karsilamayan ancak ¢alismaya katkisi olan
tiim bireyler “tesekkiir / bilgiler” kisminda siralanmalidir. Bunlara rnek
olarak ise sadece teknik destek saglayan, yazima yardimci olan ya da
sadece genel bir destek saglayan, finansal ve materyal destegi sunan
kisiler verilebilir.

Biitiin yazarlar, aragtirmanin sonuglarini ya da bilimsel degerlendirmeyi
etkileyebilme potansiyeli olan finansal iligkiler, ¢ikar ¢atismasi ve ¢ikar
rekabetini beyan etmelidirler. Bir yazar kendi yaymlanmis yazisinda
belirgin bir hata ya da yanlislik tespit ederse, bu yanligliklara iliskin
diizeltme ya da geri ¢ekme igin editér ile hemen temasa gegme ve
isbirligi yapma sorumlulugunu tasir.

Editor ve Hakem Sorumluluklar:

Editorler, makaleleri, yazarlarin etnik kokeninden, cinsiyetinden, cinsel
yoneliminden, uyrugundan, dini inancindan ve siyasi felsefesinden
bagimsiz olarak degerlendirirler. Yayina gonderilen makalelerin adil bir
sekilde cift tarafli kor hakem degerlendirmesinden gegmelerini saglarlar.
Gonderilen makalelere iliskin tiim bilginin, makale yaymlanana kadar
gizli kalacagmi garanti ederler. Editorler igerik ve yaymin toplam
kalitesinden sorumludurlar. Gereginde hata sayfasi yaymlamali ya da
diizeltme yapmalidir.

Editor; yazarlar, editorler ve hakemler arasinda ¢ikar ¢atigmasina izin
vermez. Hakem atama konusunda tam yetkiye sahiptir ve Dergide
yayinlanacak makalelerle ilgili nihai karart vermekle yiikiimliidiir.

Hakemler makaleleri, yazarlarin etnik kokeninden, cinsiyetinden, cinsel
yoneliminden, uyrugundan, dini inancindan ve siyasi felsefesinden
bagimsiz olarak degerlendirirler. Arastirmayla ilgili, yazarlarla ve/veya
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aragtirmanin finansal destekgileriyle ¢ikar catismalart olmamalidir.
Degerlendirmelerinin sonucunda tarafsiz bir yargiya varmalidirlar.
Hakemler yazarlarin atifta bulunmadigi konuyla ilgili yaymnlanmis
caligmalari tespit etmelidirler. Gonderilmis yazilara iliskin tiim bilginin
gizli tutulmasini saglamali ve yazar tarafinda herhangi bir telif hakki
ihlali ve intihal fark ederlerse editore raporlamalidirlar. Hakem, makale
konusu hakkinda kendini vasifli hissetmiyor ya da zamaninda geri doniis
saglamast miimkiin goriinmiiyorsa, editére bu durumu bildirmeli ve
hakem siirecine kendisini dahil etmemesini istemelidir.

Degerlendirme siirecinde editér hakemlere gbzden gegirme igin
gonderilen makalelerin, yazarlarin 6zel miilkii oldugunu ve bunun
imtiyazli bir iletisim oldugunu agikga belirtir. Hakemler ve yayimn kurulu
iyeleri baska kisilerle makaleleri tartisamazlar. Hakemlerin kendileri
icin makalelerin kopyalarini ¢ikarmalara izin verilmez ve editoriin
izni olmadan makaleleri baskasina veremezler. Yazarin ve editoriin izni
olmadan hakemlerin gézden gegirmeleri basilamaz ve agiklanamaz.
Hakemlerin kimliginin gizli kalmasina &6zen gosterilmelidir. Bazi
durumlarda editdriin karariyla, ilgili hakemlerin makaleye ait yorumlari
ayni makaleyi yorumlayan diger hakemlere gonderilerek hakemlerin bu
stiregte aydinlatilmasi saglanabilir.

HAKEMLIK HAKKINDA
Hakem Degerlendirme Politikalar:

Daha dnce yaymlanmamis ya da yayinlanmak lizere baska bir dergide
halen degerlendirmede olmayan ve her bir yazar tarafindan onaylanan
makaleler degerlendirilmek tizere kabul edilir. Gonderilen ve 6n kontrolii
gecen makaleler iThenticate yazilimi kullanilarak intihal i¢in taranir.
Intihal kontroliinden sonra, uygun olan makaleler bas editdr tarafindan
orijinallik, metodoloji, islenen konunun 6nemi ve dergi kapsami ile
uyumlulugu agisindan degerlendirilir.

Secilen makaleler en az iki ulusal/uluslararasi hakeme ¢ift tarafli kor
hakemlik ile degerlendirmeye gonderilir; yaym karari, hakemlerin
talepleri dogrultusunda yazarlarin gergeklestirdigi diizenlemelerin ve
hakem siirecinin sonrasinda bas editor tarafindan verilir.

Hakem Siireci

Daha dnce yaymlanmamis ya da yaymnlanmak ilizere baska bir dergide
halen degerlendirmede olmayan ve her bir yazar tarafindan onaylanan
makaleler degerlendirilmek tizere kabul edilir. Gonderilen ve 6n kontrolii
gecen makaleler iThenticate yazilimi kullanilarak intihal i¢in taranr.
Intihal kontroliinden sonra, uygun olan makaleler bas editdr tarafindan
orijinallik, metodoloji, islenen konunun 6nemi ve dergi kapsami ile
uyumlulugu agisindan degerlendirilir.

Bas Editor, makaleleri, yazarlarin etnik kokeninden, cinsiyetinden,
uyrugundan, dini inancindan ve siyasi felsefesinden bagimsiz olarak
degerlendirir. Yayina gonderilen makalelerin adil bir sekilde cift tarafli
kor hakem degerlendirmesinden gegmelerini saglar.

Secilen makaleler en az iki ulusal/uluslararas1 hakeme degerlendirmeye
gonderilir; yayin karari, hakemlerin talepleri dogrultusunda yazarlarin
gerceklestirdigi diizenlemelerin ve hakem siirecinin sonrasinda bas
editor tarafindan verilir.

Bas editor; yazarlar, editorler ve hakemler arasinda ¢ikar ¢atigmasina
izin vermez. Hakem atama konusunda tam yetkiye sahiptir ve dergide
yayinlanacak makalelerle ilgili nihai karart vermekle yiikiimliidiir.

Hakemlerin degerlendirmeleri objektif olmalidir. Hakem siireci sirasinda
hakemlerin asagidaki hususlart dikkate alarak degerlendirmelerini
yapmalari beklenir.

- Makale yeni ve dnemli bir bilgi igeriyor mu?

- Oz, makalenin igerigini net ve diizgiin bir sekilde tanimliyor mu?
- Yontem biitiinliiklii ve anlasilir sekilde tanimlanmig m1?

- Yapilan yorum ve varilan sonuglar bulgularla kanitlantyor mu?

- Alandaki diger ¢aligmalara yeterli referans verilmis mi?

- Dil kalitesi yeterli mi?

Hakemler, gonderilen makalelere iliskin tiim bilginin, makale
yayimnlanana kadar gizli kalmasini saglamali ve yazar tarafinda herhangi
bir telif hakki ihlali ve intihal fark ederlerse editdre raporlamalidirlar.

Hakem, makale konusu hakkinda kendini vasifli hissetmiyor ya da
zamaninda geri donis saglamast miimkiin goriinmiiyorsa, editore
bu durumu bildirmeli ve hakem siirecine kendisini dahil etmemesini
istemelidir.

Degerlendirme  siirecinde editér hakemlere gbézden gecirme igin
gonderilen makalelerin, yazarlarin 6zel miilkii oldugunu ve bunun
imtiyazli bir iletisim oldugunu agikg¢a belirtir. Hakemler ve yayin kurulu
iiyeleri baska kisilerle makaleleri tartigamazlar. Hakemlerin kimliginin
gizli kalmasina 6zen gosterilmelidir.

DiL
Derginin yayin dili Tiirkge ve Ingilizce’dir.
YAZILARIN HAZIRLANMASI

Aksi belirtilmedik¢e gonderilen yazilarla ilgili tiim yazigmalar ilk
yazarla yapilacaktir. Makale gonderimi online olarak ve http://
jgeography.istanbul.edu.tr iizerinden yapilmalidir. Yazilar, yazinin
Dergide yayinlanmak iizere gonderildigini ve Derginin hangi boliimii
(6rn: orijinal aragtirma, derleme, vb) i¢in bagvuruldugunu belirten bir
mektup ve tiim yazarlarin imzaladigi ‘Telif Hakki Anlasmasi Formu’

eklenerek gonderilmelidir.

1. Calismalar, ist, alt, sag ve sol taraftan 2,5 cm. bosluk birakilarak,
12 punto Times New Roman harf karakterleriyle ve 1,5 satir aralik
Olciisii ile hazirlanmalidir.

2. Calismalar en fazla 25 sayfa olmali, sayfa numaralari sayfanin sag
iist kosesinde yer almalidir.
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3. Yazar/yazarlarin adlart ¢alismanin basliginin hemen altinda saga
bitisik sekilde verilmelidir. Ayrica yildiz dipnot seklinde (*) yazarin
unvani, kurumu ve e-posta adresi ve telefonu sayfanin en altinda
dipnotta belirtilmelidir.

4. Girig bolimiinden once 180-200 soézclik arasinda c¢alismanin
kapsamini, amacini, ulasilan sonuglart ve kullanilan yontemi
kaydeden Tiirk¢e ve Ingilizce 6z ile 600-800 kelimelik ingilizce
genisletilmis 6zet yer almalidir. Calismanin Ingilizce bashg:
Ingilizce 6ziin iizerinde yer almalidir. Ingilizce ve Tiirkce 6zlerin
altinda calismanin igerigini temsil eden 3 Ingilizce, 3 Tiirkge anahtar
kelime yer almalidur.

5. Caligmalarin baslica su unsurlar igermesi gerekmektedir: Baglik,
Tiirk¢e 6z ve anahtar kelimeler; yabanci dilde baslik, Ingilizce 6z ve
anahtar kelimeler; Ingilizce genisletilmis 6zet, ana metin boliimleri,
son notlar ve kaynaklar.

6. Cahismanin giris boliimii “1. GIRIS” seklinde belirtilmelidir. Alt boliimler
her boliim iginde boliim numarasi kullanilarak, “1.1”, “1.2” seklinde
numaralandirilmalidir. Aragtirma yazilarinda sorunsalin betimlendigi
ve ¢alismanm Gneminin belirtildigi GIRIS bélimiini “AMAC VE
YONTEM”, “BULGULAR”, “TARTISMA VE SONUC”, ”SON
NOTLAR” “KAYNAKLAR” ve “TABLOLAR VE SEKILLER” gibi
boliimler takip etmelidir. Derleme ve yorum yazilari igin ise, caligmanin
oneminin belirtildigi, sorunsal ve amacm somutlastirildigi “GIRIS”
bolimiiniin ardindan diger boliimler gelmeli ve ¢alisma “TARTISMA
VE SONUC”, ”SON NOTLAR”, “KAYNAKLAR” ve “TABLOLAR
VE SEKILLER” seklinde bitirilmelidir.

7. Calismalardatablo, grafik ve sekil gibi gostergelernumaralandirilarak,
tanimlayici bir baslik ile birlikte verilmelidir.

8. Yaymnlanmak iizere gonderilen makale ile birlikte yazar bilgilerini
iceren kapak sayfasi gonderilmelidir. Kapak sayfasinda, makalenin
baslig1, yazar veya yazarlarin bagl bulunduklari kurum ve unvanlari,
kendilerine ulagilabilecek adresler, cep, is ve faks numaralar1 ve
e-posta adresleri yer almalidir (bkz. Son Kontrol Listesi).

9. Kurallar dahilinde dergimize yaymlanmak iizere gonderilen
caligmalarin her tiirlii sorumlulugu yazar/yazarlarina aittir.

10. Yaym kurulu ve hakem raporlart dogrultusunda yazarlardan, metin
iizerinde bazi diizeltmeler yapmalar1 istenebilir.

11. Dergiye gonderilen ¢alismalar yaymlansin veya yaymlanmasin geri
gonderilmez.

12. Yaym kurulu tarafindan yayinlanmasi uygun bulunan makaleler
baska bir yerde yaymlanamaz. Yazarlara telif iicreti 6denmez.

Kaynaklar

Derleme yazilari okuyucular i¢in bir konudaki kaynaklara ulagmayi
kolaylastiran bir arag olsa da, her zaman orijinal ¢alismay1 dogru olarak
yansitmaz. Bu yiizden miimkiin oldugunca yazarlar orijinal ¢aligmalart
kaynak gostermelidir. Ote yandan, bir konuda ¢ok fazla sayida orijinal
calismanin kaynak gosterilmesi yer israfina neden olabilir. Birkag
anahtar orijinal ¢aligmanin kaynak gosterilmesi genelde uzun listelerle
ayni isi goriir. Ayrica giinimiizde kaynaklar elektronik versiyonlara
eklenebilmekte ve okuyucular elektronik literatiir taramalartyla yayinlara
kolaylikla ulasabilmektedir.

Kabul edilmis ancak heniiz say1ya dahil edilmemis makaleler Early View
olarak yaymlanir ve bu makalelere atiflar “advance online publication”
seklinde verilmelidir. Genel bir kaynaktan elde edilemeyecek temel
bir konu olmadik¢a “kisisel iletisimlere” atifta bulunulmamalidir.
Eger atifta bulunulursa parantez icinde iletisim kurulan kisinin adi
ve iletigimin tarihi belirtilmelidir. Bilimsel makaleler i¢in yazarlar bu
kaynaktan yazili izin ve iletisimin dogrulugunu gosterir belge almalidir.
Kaynaklarin dogrulugundan yazar(lar) sorumludur. Tiim kaynaklar
metinde belirtilmelidir. Kaynaklar alfabetik olarak siralanmalidir.

Referans Stili ve Formati

Dergiye gonderilen makalelerde American Psychological Association
(APA) kaynak sitilinin kullanilmasi esastir. Yazarlar, makale metninde
ve kaynakcada yer alan atiflari, APA stiline uygun olarak belirtmelidir.

Kaynaklarin dogrulugundan yazar(lar) sorumludur. Tiim kaynaklar metinde
belirtilmelidir. Kaynaklar agagidaki drneklerdeki gibi gosterilmelidir.

Metin icinde Kaynak Gosterme

Kaynaklar metinde parantez icinde yazarlarm soyadi ve yayin tarihi
yazilarak belirtilmelidir. Birden fazla kaynak gosterilecekse kaynaklar
arasinda (;) isareti kullanilmalidir. Kaynaklar alfabetik olarak siralanmalidir.

Ornekler:

Birden fazla kaynak;

(Esin vd., 2002; Karasar, 1995)

Tek yazarl kaynak;

(Akyolcu, 2007)

Iki yazarli kaynak;

(Sayiner ve Demirci, 2007, s. 72)

Uc, dort ve bes yazarl kaynak;

Metin iginde ilk kullanimda: (Ailen, Ciambrune ve Welch, 2000, s. 12—
13) Metin iginde tekrarlayan kullanimlarda: (Ailen vd., 2000)
Alti ve daha ¢ok yazarl kaynak;

(Cavdar vd., 2003)

Kaynaklar Boliimiinde Kaynak Gosterme

Kullanilan tiim kaynaklar metnin sonunda ayr1 bir boliim halinde yazar
soyadlarina gore alfabetik olarak numaralandirilmadan verilmelidir.

Kaynak yazimu ile ilgili 6rnekler asagida verilmistir.
Kitap

a) Tiirkge Kitap

Karasar, N. (1995). Arastirmalarda rapor hazirlama (8.bs). Ankara: 3A
Egitim Danismanlik Ltd.

b) Tiirk¢eye Cevrilmis Kitap

Mucchielli, A. (1991). Zihniyetler (A. Kotil, Cev.). Istanbul: Iletisim
Yayinlart.
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¢) Editorlii Kitap

Oren, T., Uney, T. ve Célkesen, R. (Ed.). (2006). Tiirkiye bilisim
ansiklopedisi. istanbul: Papatya Yayincilik.

d) Cok Yazarh Tiirkce Kitap

Tonta, Y., Bitirim, Y. ve Sever, H. (2002). Tiirk¢e arama motorlarinda
performans degerlendirme. Ankara: Total Biligim.

e) Ingilizce Kitap

Kamien R., & Kamien A. (2014). Music: An appreciation. New York,
NY: McGraw-Hill Education.

) Ingilizce Kitap Icerisinde Biliim

Bassett, C. (2006). Cultural studies and new media. In G. Hall & C.
Birchall (Eds.), New cultural studies: Adventures in theory (pp. 220—
237). Edinburgh, UK: Edinburgh University Press.

o) Tiirkge Kitap Icerisinde Biliim

Erkmen, T. (2012). Orgiit kiiltiirii: Fonksiyonlari, 6geleri, isletme
yonetimi ve liderlikteki &nemi. M. Zencirkiran (Ed.), Orgiit
sosyolojisi kitabt iginde (s. 233-263). Bursa: Dora Basim Yayn.

h) Yayumcinin ve Yazarin Kurum Oldugu Yayin

Tirk Standartlart Enstitiisii. (1974). Adlandirma ilkeleri. Ankara:
Yazar.

Makale

a) Tiirk¢ce Makale

Mutlu, B. ve Savaser, S. (2007). Cocugu ameliyat sonrasi yogun
bakimda olan ebeveynlerde stres nedenleri ve azaltma girisimleri.
Istanbul Universitesi Florence Nightingale Hemsirelik Dergisi,
15(60), 179-182.

b) Ingilizce Makale

de Cillia, R., Reisigl, M., & Wodak, R. (1999). The discursive
construction of national identity. Discourse and Society, 10(2),
149-173. http://dx.doi.org/10.1177/0957926599010002002

¢) Yediden Fazla Yazarli Makale

Lal, H., Cunningham, A. L., Godeaux, O., Chlibek, R., Diez-Domingo,
J., Hwang, S.-J. ... Heineman, T. C. (2015). Efficacy of an adjuvanted
herpes zoster subunit vaccine in older adults. New England
Journal of Medicine, 372, 2087-2096. http://dx.doi.org/10.1056/
NEJMoal501184

d) DOI'’si Olmayan Online Edinilmis Makale

Al, U. ve Dogan, G. (2012). Hacettepe Universitesi Bilgi ve Belge
Yonetimi Boliimil tezlerinin atif analizi. Tirk Kiitiiphaneciligi, 26,
349-369. Erigim adresi: http://www.tk.org.tr/

e) DOI’si Olan Makale

Turner, S. J. (2010). Website statistics 2.0: Using Google Analytics to
measure library website effectiveness. Technical Services Quarterly,
27,261-278. http://dx.doi.org/10.1080/07317131003765910

f) Advance Online Olarak Yayimlannus makale

Smith, J. A. (2010). Citing advance online publication: A review.
Journal of Psychology. Advance online publication. http://dx.doi.
org/10.1037/a45d7867

g) Popiiler Dergi Makalesi

Semercioglu, C. (2015, Haziran). Siradanligin rayihasi. Sabit Fikir, 52,
38-39.

Tez, Sunum, Bildiri

a) Tiirkge Tezler

Sar1, E. (2008). Kiiltiir kimlik ve politika: Mardin de kiiltiirlerarasilik.
(Doktora Tezi). Ankara Universitesi Sosyal Bilimler Enstitiisii,
Ankara.

b) Ticari Veritabaninda Yer Alan Yiiksek Lisans Ya da Doktora Tezi

Van Brunt, D. (1997). Networked consumer health information systems
(Doctoral dissertation). Available from ProQuest Dissertations and
Theses. (UMI No. 9943436)

¢) Kurumsal Veritabaminda Yer Alan Ingilizce Yiiksek Lisans/

Doktora Tezi

Yaylali-Yildiz, B. (2014). University campuses as places of potential
publicness: Exploring the politicals, social and cultural practices
in Ege University (Doctoral dissertation). Retrieved from Retrieved
from: http://library.iyte.edu.tr/tr/hizli-erisim/iyte-tez-portali

d) Web’de Yer Alan Ingilizce Yiiksek Lisans/Doktora Tezi

Tonta, Y. A. (1992). An analysis of search failures in online library catalogs
(Doctoral dissertation, University of California, Berkeley). Retrieved
from http://yunus.hacettepe.edu.tr/~tonta/yayinlar/phd/ickapak.html

e) Dissertations Abstracts International’da Yer Alan Yiiksek Lisans/

Doktora Tezi

Appelbaum, L. G. (2005). Three studies of human information
processing: Texture amplification, motion representation, and figure-
ground segregation. Dissertation Abstracts International: Section B.
Sciences and Engineering, 65(10), 5428.

) Sempozyum Katkisi

Krinsky-McHale, S. J., Zigman, W. B. & Silverman, W. (2012,
August). Are neuropsychiatric symptoms markers of prodromal
Alzheimer’s disease in adults with Down syndrome? In W.
B. Zigman (Chair), Predictors of mild cognitive impairment,
dementia, and mortality in adults with Down syndrome.
Symposium conducted at American Psychological Association
meeting, Orlando, FL.

g) Online Olarak Erisilen Konferans Bildiri Ozeti

Cmar, M., Dogan, D. ve Seferoglu, S. S. (2015, Subat). Egitimde
dijital araglar: Google sinif uygulamasi iizerine bir degerlendirme
[Oz]. Akademik Bilisim Konferansinda sunulan bildiri, Anadolu
Universitesi, Eskisehir. Erisim adresi: http://ab2015.anadolu.edu.tr /
index.php?menu=5&submenu=27

h) Diizenli Olarak Online Yayimlanan Bildiriler

Herculano-Houzel, S., Collins, C. E., Wong, P., Kaas, J. H., & Lent, R.
(2008). The basic nonuniformity of the cerebral cortex. Proceedings
of the National Academy of Sciences, 105, 12593-12598. http://
dx.doi.org/10.1073/pnas.0805417105

i) Kitap Seklinde Yayimlanan Bildiriler

Schneider, R. (2013). Research data literacy. S. Kurbanoglu vd. (Ed.),
Communications in Computer and Information Science: Vol. 397.
Worldwide Communalities and Challenges in Information Literacy
Research and Practice iginde (s. 134—140). Cham, Isvigre: Springer.
http://dx.doi.org/10.1007/978-3-319-03919-0
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J) Kongre Bildirisi

Cepni, S., Bacanak A. ve Ozsevgec T. (2001, Haziran). Fen bilgisi
ogretmen adaylarmmin fen branslarmma karst tutumlar: ile fen
branslarindaki basarilarimin iligkisi. X. Ulusal Egitim Bilimleri
Kongresi’nde sunulan bildiri, Abant izzet Baysal Universitesi, Bolu

Diger Kaynaklar

a) Gazete Yazist

Toker, C. (2015, 26 Haziran). ‘Unutma’ notlart. Cumhuriyet, s. 13.

b) Online Gazete Yazist

Tamer, M. (2015, 26 Haziran). E-ticaret hamle yapmak igin tiiketiciyi
bekliyor. Milliyet. Erisim adresi: http://www.milliyet

¢) Web Page/Blog Post

Bordwell, D. (2013, June 18). David Koepp: Making the world movie-
sized [Web log post]. Retrieved from http://www.davidbordwell.net/
blog/page/27/

d) Online Ansiklopedi/Sozliik

Bilgi mimarisi. (2014, 20 Aralik). Vikipedi iginde. Erisim adresi: http://
tr.wikipedia.org/wiki/Bilgi mimarisi

Marcoux, A. (2008). Business cthics. In E. N. Zalta (Ed.), The Stanford
encyclopedia of philosophy. Retrieved from http://plato.stanford.edu/
entries/ethics-business/

e) Podcast

Radyo ODTU (Yapimer). (2015, 13 Nisan). Modern sabahlar [Podcast].
Erisim adresi: http://www.radyoodtu.com.tr/

f) Bir Televizyon Dizisinden Tek Bir Boliim

Shore, D. (Senarist), Jackson, M. (Senarist) ve Bookstaver, S.
(Yonetmen). (2012). Runaways [Televizyon dizisi boliimii]. D. Shore
(Bas yapimc1), House M.D. i¢inde. New York, NY: Fox Broadcasting.

2) Miizik Kaydi

Say, F. (2009). Galata Kulesi. Istanbul senfonisi [CD] iginde. Istanbul:
Ak Miizik.

Yukarida siralanan kosullari yerine getirmemis ¢alisma kabul edilmez,
eksiklerinin tamamlanmasi i¢in yazara iade edilir. Yayin Komisyonu
tarafindan kabul edilen yazilar basima kabul sirasina gore yayimlanir.
Baskai tashihleri yazarlar tarafindan yapilir.

SON KONTROL LiSTESI
Asagidaki listede eksik olmadigindan emin olun:

X Editore mektup

v Makalenin tiirii
Bagka bir dergiye gonderilmemis oldugu bilgisi
Sponsor veya ticari bir firma ile iligkisi (varsa belirtiniz)
Istatistik kontroliiniin yapildig1 (arastirma makaleleri igin)
Ingilizce yoniinden kontroliiniin yap1ldig:
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Yazarlara Bilgide detayli olarak anlatilan dergi politikalarinin
gozden gecirildigi
v Kaynaklarin APA 6’ya gore belirtildigi
Telif Hakki Anlagmasi Formu
X Daha once basilmis materyal (yazi-resim-tablo) kullanilmis ise
izin belgesi
X Makale kapak sayfasi
v Makalenin tiirii
v' Makalenin Tiirkce ve Ingilizce bashg

X

v Yazarlarin ismi soyadi, unvanlari ve bagh olduklari kurumlar
(tiniversite ve fakiilte bilgisinden sonra sehir ve iilke bilgisi
de yer almalidir), e-posta adresleri

v" Sorumlu yazarin e-posta adresi, agik yazisma adresi, is
telefonu, GSM, faks nosu

v Tiim yazarlarin ORCID’leri

X Makale ana metni dosyasi
v' Makalenin Tiirkce ve Ingilizce bashg
Ozetler 180-200 kelime Tiirkge ve 180-200 kelime Ingilizce
Anahtar Kelimeler: 3 adet Tiirkge ve 3 adet Ingilizce
Makale Tiirkce ise, Ingilizce genisletilmis Ozet (Extended
Abstract) 600-800 kelime
Makale ana metin bolimleri
Finansal Destek (varsa belirtiniz)
Cikar Catismasi (varsa belirtiniz)
Tesekkiir (varsa belirtiniz)
Kaynaklar
Tablolar-Resimler, Sekiller (baglik, tanim ve alt yazilariyla)
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AIMS AND SCOPE
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