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Abstract

Statistics on road safety and traffic accidents show that the increasing number of
vehicles causes a significant increase in the number of accidents. As a result of
urbanization and population growth, the number of vehicles using the roads is
increasing rapidly. This increase increases traffic congestion and therefore the risk of
accidents, especially in big cities and heavy traffic areas. This study aims to
comprehensively examine the effects of vehicle excess on traffic accidents and make
predictions on possible future scenarios. Within the scope of the study, existing traffic
data will be analyzed and changes in accident rates will be evaluated as the number
of vehicles increases.

Keywords: Traffic Accident, Prediction, Vehicle Rates, Exponential Smoothing Method,
Holt-Winters
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Bolakar Tosun, H., 2025

Tiirkiye’de Artan Ara¢ Sayisi ve Trafik Kazalari: Mevcut
Durum ve Gelecege Dair Tahminler

Oz

Yol giivenligi ve trafik kazalar1 konusundaki istatistikler, artan arag¢ sayisinin kaza
sayilarinda belirgin bir artisa neden oldugunu gostermektedir. Sehirlesmenin ve
niifus artisinin sonucu olarak, yollar1 kullanan arag sayist hizla artmaktadir. Bu artis,
ozellikle biiyiik sehirlerde ve yogun trafik boélgelerinde trafik sikisikhigim ve
dolayisiyla kaza riskini artirmaktadir. Bu ¢alisma, arag fazlaliginin trafik kazalarina
olan etkilerini kapsaml bir sekilde inceleyerek, gelecekte olasi senaryolar {izerine
tahminlerde bulunmay1 amaglamaktadir. Calisma kapsaminda, mevcut trafik verileri
analiz edilerek, ara¢ sayisinin artmasiyla birlikte kaza oranlarindaki degisimler
degerlendirilecektir.

Anahtar kelimeler: Trafik Kazasi, Tahmin, Ara¢ Oranlari, Ustel Diizeltme Yiéntemleri,
Holt-Winters
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1. Introduction
In recent years, the significant
development of technology has
increased the quality of life depending
on positive developments such as the
increase in the transportation level,
transportation demand has increased.
With all these developments, the
efficiency and number of transportation
networks are also a natural consequence
of increasing comfort demands. The
number of vehicles increasing day by
day increases the traffic density on the
highways (Parsa et al., 2020). In parallel
with this situation, traffic in many
countries. The increase in accidents
poses a serious problem (Deb & Liew,
2016). The number of vehicles and usage
rates have also increased. In traffic
density due to not being adequately
prepared for this increase and not being
able to take precautions. Therefore, an
increase in accidents has been observed.
The World Health Organization in 2010
According to the statistics published by
the world, an average of 1,240,000
people are trafficked every year and die
in accidents. Damage caused by traffic
accidents reaches an average of $518

billion annually (Karayollar1 Trafik
Kanunu, 1983; World Health
Organization, 2013).

In recent years, the significant

development of technology has
increased the quality of life depending
on positive developments such as the
traffic problem, which has become the
biggest problem in our country. Also it
compares favorably with other countries
in terms of death rates in traffic
accidents. Traffic accident occurred

while on the highway and in motion; one
or more vehicles. It is an incident that
resulted in death, injury, and material
damage (KGM). Traffic accidents There
is a direct proportion of the increase in
the number of accidents to increasing
and developing roads and vehicles.
Considering the accidents in our
country, to ensure traffic safety, traffic
the causes of accidents should be
carefully identified. Number of vehicles,
number
proportion to the increase in population,
there was an increase in road traffic
accidents between 1980 and 2000. A
continuous  increase is  observed
(Erdogan, 2006; Tiirkiye Makina
Miihendisleri Odasi, 2016). Accident
should be wused more in
detecting problems in Turkish traffic.
Analyzing these accidents has many
benefits for the country. It is thought that
considering it would be beneficial. First
of all, the factors that caused the accident
traffic accident analyses should be

of drivers and in direct

analysis

carried out and the real causes of
accidents should be determined and the
necessary work should be done to
prevent these detected
Accident analysis is to be carried out in
detail and according to different reasons,
without wasting time in preventing
accidents and taking corrective actions.
It is thought that it would be beneficial
to identify the information needed
(Oztiirk, 2013). The causes of traffic
accidents or the defects that cause
accidents are very diverse. Defects

problems.

general aspect; driver faults, pedestrian
faults, passenger faults, vehicle faults,
and road faults 1t can be counted as
(Fallon et al., 2005). It was mentioned
that the driver, pedestrian, or vehicle
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must be harmed in a traffic accident. On
the other hand, participants
participating in highway traffic damage
as a result of traffic accidents are among
the factors that cause accidents. Apart
from these, the type of transportation
itself may also be due to the geometric
structure of the highway.

Especially in cities with  high
populations, many different activities
interact with each other. They are very
lively settlements. Home, workplaces,
shopping malls, education, and travel
demand between entertainment venues
constitutes city traffic. This is the
journey of the excess supply and
demand between the producing and
traveling regions leads to an increase in
city traffic. It leads to the increase in
automobile ownership increases the use
of private vehicles. As a result, city
traffic becomes inconvenient, especially
in big cities. Trips made at peak hours
due to congestion effects as a result of
increased traffic people using private
vehicles, shuttles, and buses increase
their travel time. Construction on the
road infrastructure of cities despite large
investments, traffic congestion and, as a
result, congestion increases further is
becoming. When these increasing
vehicle numbers combine with an
unplanned transportation network,
inevitable traffic accidents occur. Traffic
congestion is a common problem in
cities and areas with busy roads and
significantly affects the likelihood of
traffic accidents occurring. The impact of
traffic congestion on crashes has a
complex relationship with many factors,
and these effects are shaped by variables
such as traffic congestion, speed, driver

behavior, and road design. The effects of
the increasing number of vehicles in
traffic on accidents can be listed as
follows:

e Failure to Comply with Traffic
Rules:

Heavy traffic can cause drivers to violate
traffic rules. Especially ~ when
approaching traffic lights, impatient
drivers may commit red light violations.
Finding parking in busy areas can be
difficult, leading to improper parking
and resulting accidents.

Intensive use of highways brings
accidents. Traffic accidents often result
in death and injury. Increasing the
transportation network on highways it
also increases the number of accidents
for the safety of passengers and cargo
carried on highways.

It is necessary to reduce the number of
accidents. To reduce the number of
accidents that cause accidents. It is
necessary to minimize the effects of these
factors. In what proportion do the factors
causing accidents depend on the number
of vehicles, drivers,
population, and travel destinations?
Determining whether it depends on the
vehicle mileage is important in reducing
Also, this if it is
known to what extent the factors affect
the number of accidents, the number of
accidents that will
predicted and transportation policies
can be developed accordingly. The
objectives of the study are:

number of

the risk of accidents.

occur can be
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e Analyzing the relationship
between number of car and
accident rates

e To determine the effects of the

in the number of
vehicles on accident frequency
and severity, using existing
traffic data. ® Predicting
future  scenarios: = Making
predictions about how traffic
accidents will follow in the
future

e To develop policy
recommendations, to develop
strategies and policies to reduce
traffic accidents, and to offer
suggestions in the fields of
urban planning and traffic
management in this context

e This
important reference point for
measures to be taken and
policies to be developed to
reduce traffic accidents.

increase

research will be an

2. Materials and Methods

SPSS 21.0 software was used to analyze
the data.
methods were utilized to predict traffic

Exponential ~smoothing
accident data in 2025. This time series
method is widely preferred due to its
clarity and transparency. Series that
have variables that vary depending on
time and can be explained by more than
one regression curve because they donot
have the return to a regression curve or
line are called series with a stochastic
tendency (Yagimh & Ergin, 2017). Holt-
Winters exponential smoothing model
can be applied when both trend and
seasonality are present, with the two
components being either additive or

multiplicative. Winters additive and
multiplicative models was extremely
high and both additive and
multiplicative models. Time series data
often includes periodic changes
(seasonality) and long-term trends
(trend). The Holt-Winters method
allows making accurate predictions by
analyzing these two components
separately.The Holt-Winters method is
an extension of the simple and double
exponential smoothing methods. The
simple smoothing only takes into
account changes in level, while the
double exponential smoothing takes the
trend into account. The Holt-Winters
method provides more complex and
more accurate forecasts by modeling
both trend and seasonality. Also this
method is successful not only in short-
term but also in long-term predictions
because it identifies seasonal patterns in
time series. The Holt-Winters method
can quickly adapt to possible changes in
the time series. (Djakaria & Saleh, 2021;
Konarasinghe, 2021a).

After more than 50 years of widespread
use, the exponential smoothing method
is still one of the most practically used
forecasting methods (Goodwin, 2010).
Being the most used method.

The most important reasons are; The
method is understandable,
transparent and has the ability to adapt
to many different situations. error,
tendency and seasonality variables are
the three basic components of this
method (Hyndman & Athanasopoulos,
2013) The working principle of the
method is based on very old
observations or recently obtained data
depending on the impact of the data and

clear,
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observations are more important
(Bergmeir et al., 2016). Accordingly,
exponential the smoothing method uses
predominantly moving average data
that decays exponentially. The basic idea
behind exponential smoothing is to
enhance
components such as seasonal changes,
trends, and long-term changes in a
series, along with detecting recurring
components and over
periods. These components cannot be
determined by other means. The method
combines the duration and growth of the
current condition.

the modeling of various

forecasting

For the study conducted using annual
data from 2012 to 2023 (without seasonal
data), the Holt-Winters exponential
smoothing method for non-seasonal
data with two parameters was utilized.
This method is suitable for series with a
linear time trend and no seasonal
variation.

3. Results

Table 1 includes traffic accident data
between 2012 and 2023. According to the
data in Table 1, the number of traffic
accidents follows a fluctuating trend
between 2012 and 2023 (Figure 1). These
results show a general increase trend in
traffic accidents over the last 11 years.
Figure 1 shows the view of the number
of traffic accidents between 2012 and
2023.

Table 2 shows the data on the number of
vehicles per capita between 2012 and
2012.

Table 1. Traffic accident data (2012-

2023).
Year Number of traffic accident
2012 1.296.634
2013 1.207.354
2014 1.199.010
2015 1.313.359
2016 1.400.491
2017 1.450.716
2018 1.500.364
2019 1.900.144
2020 1.983.808
2021 2.050.353
2022 2.100.957
2023 2.200.071

Number of Traffic Accident

M

012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Figure 1. The course of the number of
traffic accidents (2012-2023).

When the number of vehicles per
thousand people in Table 2 is examined,
it is seen that there is a continuous
increase in the number of vehicles per
thousand people between 2012 and 2023
(Figure 2). Compared to the starting year
of 2012, there is a 49.3% increase in the
number of vehicles per thousand people
in 2023. These results show an increasing
trend in the number of vehicles per
thousand people in the last 11 years.
Figure 2 shows the trend of the number
of vehicles per thousand people between
2012 and 2023.
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Table 2. Number of vehicles per capita
(2012-2023).

Year Number of Vehicles
per Thousand People

2012 225

2013 234

2014 242

2015 254

2016 264

2017 275

2018 279

2019 278

2020 289

2021 298

2022 311

2023 336

Table 3 shows the 2023-2025 forecast
results for the number of traffic accidents
and the number of vehicles per thousand
people. The non-seasonal Holt-Winters
(No Seasonal) method was used as the
forecasting method.

Bin Kigiye Diisen Tagit Sayisi (2012-2023)

Figure 2. The course of the number of
vehicles per thousand people
(2012-2023).

When the prediction results for the
number of traffic accidents in Figure 3
are examined according to the Holt-
Winters correction, it is seen that the

number of traffic accidents will reach
2.310.952 in 2026.

Table 3. Estimation results of traffic
accidents and number of
vehicles per thousand people.

Number
of
Forecast Numb?r Vehicles
year of traffic per
accident Thousand
People
2024 2.253.957 354
2025 2.295.602 371
2026 2.310.952 397
2023-2026 18,15
change (%)

Number of Traffic Accident

NN

20122013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
Figure 3. The course of the number of
traffic accidents with 2024-2026
forecast results.

When the prediction results for the
number of vehicles per thousand people
in Figure 4 are examined according to
the Holt-Winters correction, the number
of vehicles per thousand people will
reach 397 in 2026, and when compared to
the 2023 data (336), this change is
approximately 18%. It is seen that it
represents an increase.
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Bin Kisiye Diisen Tasit Sayisi (2012-2026)

Figure 4. The course of the number of
vehicles per thousand people
with 2024-2026 forecast results.

4. Discussion and Conclusion

To address urban transportation issues
such as accidents, inefficiency, and
congestion, it is imperative to establish a
safe, fast, and accessible transportation
system. This necessitates comprehensive
planning and coordination of various
transportation elements within big cities.
Developed countries prioritize urban
transportation to facilitate movement
within and between regions and central
business areas. The increasing time
spent in vehicles and traffic congestion
negatively impacts the economy and
people's well-being. Therefore, it is
crucial to carefully select transportation
modes that prioritize people's needs, are
suitable for the region's topography, and
are environmentally friendly and safe.
Precautions to be taken to reduce
accidents can be listed as follows:

e Traffic Management Systems:

Smart traffic
systems
density and direct traffic more
effectively and reduce

congestion.

management

can monitor traffic

e Infrastructure Improvements:

capacity,
roads and

Increasing  road
building
improving existing roads can
reduce traffic congestion.

e Public Incentive:
Improving and encouraging

public transport systems can

new

Transport

reduce traffic density by
reducing individual vehicle use.
e Driver Training: Stress

management and attention-
enhancing training for drivers
can help them drive safer in

heavy traffic.

The relationship between traffic density
and traffic accidents is complex and
multifaceted. However, with effective
traffic appropriate
infrastructure and social awareness, the
negative effects arising from this
relationship can be reduced and a safer
transportation environment can be
provided.

management,

As a result, the increasing number of
vehicles increases the frequency and
This
situation becomes especially evident in
city centers
implementation of various traffic safety
measures. These implemented measures
play an important role in reducing
accidents and accident-related injuries.
However, continuous improvements
and innovative approaches are required
to minimize traffic accidents. In line with
the scope of the study, data on other

severity of traffic accidents.

and necessitates the

factors that cause traffic accidents
(driver training, road geometry features,
speed restrictions and traffic

management systems) may be limited.
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However, the study may shed light on
future especially a
comprehensive analysis that includes

studies, more
the effects of driver training and road
geometry.

More comprehensively, the study
enables new studies to be carried out by
including variables such as road
geometry (including bends,
intersections, viewing angles, cross slope
lanes and

condition, number of

pavement widths) in future research.

Although my current study emphasizes
the need to develop a safe and efficient
transportation system in large urban
areas, it can be more detailed. In this
regard, future studies on the integration
of various transportation safety policies
and traffic management systems can be
included.
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Oz

Giniimiizde farkli veri setleri (su kalitesi, akim, yagis, sicaklik vb.) ile egilimlerin
tespit edilmesi icin pek ¢ok ydntem mevcuttur. Bu c¢alismada trend analizi
calismalarinda yaygin bir sekilde kullanilan Mann-Kendall (MK) test istatistigi ile
Spearman Rho test istatistigi ve son yillarda popiiler hale gelmis olan Sen’in yenilikgi
trend yontemi (ITA), Yenilik¢i egilim ¢oziimlemesi icin gelistirilmis gorsellestirme
(IV-ITA) yontemlerinin performanslar1 karsilastirilmistir. Bu amagla Akdeniz
Bolgesi'nde yer alan Ceyhan Nehri'ne ait 20-06-00-001 numarali istasyonundan alinan
1986-2013 su yillarma ait yillik ortalama ve mevsimlik ortalama 8 adet su kalitesi
parametresi kullanilmigtir. Oncelikle her bir parametrenin degerleri YSKYY'nde
verilen su kalite degerleriyle karsilastirilmis ve her bir parametreye gore su kalitesi
siiflar1 belirlenmistir. Daha sonra her mevsim kendi i¢inde ve yillik ortalama
degerlerin trendleri karsilastirilmistir. Bu nedenle 5 farkli trend testinin
karsilagtirilmas: yapilmistir. Ancak sirasiyla yapilmis olan homojenlik ve otoregresif
korelasyon testi igslemlerine gore hem %95 giiven arali§inda homojen olmayan hem
de korelasyon degeri 0.30'un iizerinde kalan bazi veriler kiyaslamada
kullanilmamistir. Makalede elde edilen sonuglar degerlendirildiginde farkh
analizlerin birlikte yapilarak kullanilmas: testlerdeki yamilma payimu azaltacag:
kanisina varilmistir.

Anahtar kelimeler: Su Kalitesi, Yenilikci Egilim Coziimlemesi icin Gelistirilmis
Gorsellestirme, Yenilik¢i Trend Testi, Korelasyon, Spearman Rho
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Comparison of Mann-Kendall and Innovative Trend
Method for Water Quality Parameters

Abstract

In the present era, there exists a plethora of methodologies for the detection of trends
with disparate data sets, including but not limited to those pertaining to water quality,
flow, precipitation, and temperature. This study evaluates the effectiveness of the
Mann-Kendall (MK) test statistic and Spearman’s Rho (SR) test statistic, commonly
used in trend analysis studies; Sen's innovative trend method (ITA), which has gained
prominence in recent years; and the visualization methods designed for innovative
trend analysis (IV-ITA). To this end, eight annual and seasonal average water quality
parameters of the Ceyhan River, situated in the Mediterranean region, were obtained
from station 20-06-00-001 for the water years 1986-2013. Firstly, the values of each
parameter were compared with the water quality values given in the SWQMR, and
water quality classes were determined according to each parameter. Accordingly, five
distinct trend tests were evaluated. However, following the completion of
homogeneity and autoregressive correlation tests, data that did not meet the criteria
for homogeneity at the 95% confidence interval and exhibited a correlation value
above 0.30 were excluded from the comparison. The article's analysis concludes that
the integration of diverse analytical approaches may enhance the precision of the
tests.

Keywords: Water Quality, Enhanced Visualization for Innovative Trend Analysis,
Innovative Trend Test, Correlation, Spearman Rho
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Su Kalitesi Parametreleri icin Mann-Kendall ve Yenilik¢i Trend Yontemlerinin Karsilastirilmasi

1. Giris

Su en Onemli ¢evresel bilesenlerden
biridir. Ayrica su diinya tizerindeki
bir¢cok canli organizma igin Onemli
konulardan biridir ve su kirliliginin,
kalitesinin bazi yonetmeliklere gore
kontrol edilmesi gerekmektedir. Diinya
genelinde niifusun artmasi, kentsel
gelisim, tarimda kullanilan kimyasal
maddeler, zamana bagli degisimler,
kiiresel iklim degisikligi (1sitnma veya
soguma), sanayilesmenin artmasi ve
diger c¢esitli nedenlerin sonucunda
mevcut su kaynaklar1 son yillarda
onemli Olciide azalmistir. Bu nedenle su
parametrelerinin
egiliminin  degerlendirilmesi
Onemli bir aragtirma konusu hem de son
zamanlardaki su kaynaklarinin azalmas:
agisindan 6nem arz eden bir konudur
(Elci ve Selguk, 2013; Kisi ve Ay, 2014).

kalitesinin ve

hem

kalitesinin
trendlerinin  tespiti
calismalarima (Burgan, Igaga, Bostanoglu
ve Kilit, 2013) bakildiginda bir¢ok
aragtirmacinin  incelemeler  yaptig:
Su parametrelerinin
belirlenmesi

Su parametrelerinin

belirlenmesi ve

goriilmektedir.
kalitesinin konusunda
Yeriistii Su Kalitesi Yonetmeligi (Topal
ve Topal, 2016; YSKYY, 2023), Kanada
Cevre Bakanhig Konseyi'nin Belirledigi
Su Kalitesi (CCME, 2001a-b), Oregon Su
Kalitesi (Cude, 2001), Ulusal Sanitasyon
Vakfi Su Kalitesi (Brown, McClelland,
Deininger ve Tozer, 1970), Su kalite
endeksi  vb. literatiirde
yazarlar tarafindan tercih edilmistir
(Akkoyunlu ve Akiner, 2012, Kir ve
Saplioglu, 2019). Kalitesi belirlenmis
olan su kaynaklarmin gelecekte kalite

yontemler

siniflarinda herhangi bir degisim olup
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olmayacag1 konusu da ¢ok 6nemlidir. Bu
konunun c¢oziiminde de trend analiz
yontemleri kullanilmistir. Su  kalitesi
parametrelerinin trend
konusunda genel olarak regresyon
(Aksakal ve Giindogay, 2022), Mann-
Kendall (MK) testi (Saplioglu, Kilit ve
Senel, 2019), Sen trend test (ITA),
Spearman’s Rho (SR) testi vb. gibi
literatiirde yaygin olarak kullamilan
yontemler tercih edilmistir (Kisi ve Ay,
2014). Su kalitesinin trendi konusu ile
ilgili bircok ¢alisma mevcuttur. Bunlar;
yagis (Saplioglu ve Dahir, 2018;
Korkmaz, 2022), sicaklik (Saplioglu, Kilit
ve Yavugz, 2014; Keskin, Cakto, Cetin ve
Bektas, 2018; Mupangwa vd., 2023), akis
(Kahya ve Kalayc, 2004; Gumus,
Avsaroglu ve Simsek, 2022) gibi dolayh
bir sekilde suyun kalitesine etki eden
parametreler
mevcut bilesenlerin  konsantrasyonu
(pH, CL-, Ca®”, Mg?, Na*, Elektriksel
lletkenlik (EI), SO+2 vb.) ile ilgili
calismalardir (Kalayc ve Kahya, 1998).

analizi

ve akarsu akimindaki

Albek (2002) 1983-200 yillar1 arasinda
Porsuk Nehrinin Besdegirmen
istasyonunda kaydedilen su Kkalitesi
parametrelerinin (akis, ¢oziinmiis kati
maddeler, Cl, PO;3 NH}, BODs, NO3 ve
askida kat1 maddeler) egilimlerini tespit
etmek ic¢in bir calisma yapmistir. Su
kalitesi ~ parametrelerinin  egilimleri
konusunda Mevsimsel Mann-Kendall
testi, Ki-Kare testi, Kendall Tau testi,
Friedman testi ve Spearman’s Rho gibi
istatistiksel

kullanmusgtir.
Nehri su kalitesinin ¢6ziinmiis kati
madde, BODs, Cl- ve PO, 3 parametreleri

agisindan kotiiye gittigini ve diger azot

analiz yontemlerini

Sonu¢ olarak, Porsuk

tiirlerinde ise iyiye gittigini belirtmistir.
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Saplioglu, Kiiciikerdem ve Alqaysi
(2017) Orta Akdeniz bolgesindeki Kapuz
Cay1, Kursunlu Selalesi ve Diiden Cay1
istasyonlarindan temin ettikleri su
kalitesi parametrelerinin su kalitesi
siniflarin ve egilimlerini
arastirmiglardir. Egilimlerin tespiti igin
trend analiz yontemlerinden Mann-
Kendall test, Sen Grafik testi, Egilim testi

ve Sen Grafik testinden yola c¢ikarak

gelistirilmis olan istatistiksel analiz
yontemlerini  kullanmislardir. Sonug
olarak, su kalitesi parametrelerinin

mevcut durumda L. Simif kaliteye sahip
oldugunu ve ilerleyen dénemdeki 100
yil degismeyecegini
sOylemislerdir. Ancak PH
degerlerindeki artis oranlarmin bu
kategoride bulunan siflandirmayi III.
Dereceye  kadar  diisiirebilecegini
soylemiglerdir. ~ Zeydan, = Ozdogan,
Tastepe ve Demirtas (2019) Zonguldak
Kozlu Deresinde 2017 Haziran ile Aralik
aylarmnda 6 farkli noktadan su kalitesini
belirlemek i¢in numuneler almislardir.

igerisinde

Alman numunelerin sinflarin1 YSKYY
yontemine gore belirlemiglerdir. Bu
yonteme gore derede su kalitesi icin
yapilan Sl¢iimlerin sonug olarak 4. Siruf
oldugunu tespit etmislerdir. Kurung,
Yurekli ve Yurtseven (2005) Yesilirmak
Durucasu akim gozlem istasyonundan
temin edilen su kalitesi parametrelerinin
(El, Na+, Ca+Mg*2, K*, Cl-, HCO3, SO; ve
SAR) egilimlerini ve ani degisimlerini
arastirmiglardir. Egilim testleri Kendall
Tau 1984-2001
donemi
kullanmislardir ve parametrelere ait ani
degisimleri de gostermislerdir. Sonug
olarak, her bir su kalitesi parametresi ani
degisim icin farkli zaman dilimlerinin
Ancak

yontemini yillar

arasindaki veri icin

gozlendigini  belirtmislerdir.
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genel anlamda c¢ogu kalitesi
parametresinin zaman serilerindeki ani
degisimin 1989 ve 1998 yillarinda

meydana geldigini belirtmislerdir.

su

Bu calismada, Devlet Su Isleri Genel
Miidiirliigii'nden  (DSI)  20-000-001
numarali akim gozlem istasyonuna
(AGI) ait su Kalitesi parametrelerinin
mevsimlik yillik ortalama
degerlerinin su kalitesi siiflandirmasi
yapilmistir. Ayrica bu parametrelerin
Mann-Kendall test istatistigi, yenilik¢i
trend yontemleri kullanilarak egilimleri
belirlenmis ve gelecege yonelik kalite

ve

smiflarinin degisimi ile ilgili tahminler
olusturulmustur.

2. Materyal ve Yontem
2.1 Calisma alani ve Veriler

Calismada karsilastirma yapilabilmesi
icin Tarkiye'nin Akdeniz Bolgesi'nde
yer alan Ceyhan nehrine ait 20-06-00-001
numarali Ceyhan Nehri E-5 Kopriisii
ol¢lim istasyonunun 1986-2013 yillar
arasindaki mevsimlik ortalama ve yilhik
ortalama su kalitesi parametrelerine ait
veriler kullanilmistir. Bu istasyondan
temin edilen su kalitesi parametrelerine
ait tanimlayic istatistik degerleri Tablo
1’de verilmistir. Tablo 1’de incelenen

parametrelerin standart sapma
degerlerine bakildiginda NOzN ve
NO«*-N parametrelerinde tim

mevsimlerin ortalama degerlerinin ve
yilik ortalama
oldugu,
sapma degerinde ise kig, ilkbahar ve
sonbahar ortalamalarmin
tizerinde oldugu goriilmektedir. Bu
bahsi  gecen  parametre

degerinin {izerinde
COD parametresi standart
mevsim

nedenle
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degerlerinin ortalamadan uzak yerlerde
dagildig1 yorumu yapilabilir. Tablodaki
parametrelerin carpiklik  degerlerine
bakildiginda T parametresi tiim veriler,
pH ilkbahar mevsimi ortalama verisi
hari¢ tiim veriler, NOsN kig mevsimi

ortalama verisi ve EC kis mevsimi
ortalama verisi hari¢ tim veriler orta
derece carpikliga sahiptir. Diger tiim
verilerin ¢arpiklik degerleri 1’den biiyiik
(>1) olup ¢ok carpiktir.

Tablo 1. Yillik ve mevsimlik ortalama verilerin tanimlayici istatistik sonuglar1.

Yillik Kis ilkbahar Yaz Sonbahar
Ortalama 8.14 8.17 8.20 8.08 8.14
Standart
pH Sapma 0.15 0.15 0.16 0.23 0.27
Basiklik 0.19 0.90 3.04 0.26 2.97
Carpiklik -0.12 -0.91 1.24 -0.83 -0.15
Ortalama 18.64 11.77 16.29 24.97 20.62
Standart
Srcakdik (T) Sapma 115 1.64 2.94 143 2.86
Basiklik 037 2.36 0.47 0.34 -0.54
Carpiklik -0.11 0.78 0.51 0.05 -0.27
Ortalama 0.07 0.01 0.17 0.03 0.10
Nitrit Azotu Standart 0.22 0.02 0.79 0.05 0.33
(NO2-N) Sapma
Basiklik 20.35 5.05 28.90 25.21 17.74
Carpiklik 4.42 2.20 5.37 4.90 4.16
Ortalama 1.30 1.13 1.57 1.26 1.21
. Standart
N:tl\rfg ﬁ;o)t“ Sapma 0.49 0.42 1.34 0.50 0.83
Basiklik 1.59 112 12.96 1.25 10.01
Carpiklik 1.21 0.67 3.36 1.31 2.83
Ortalama 0.49 0.42 0.44 0.55 0.55
Amonyum Azotu Standart 0.53 0.46 0.46 0.74 0.74
(NH«-N) Sapma
Basiklik 7.21 7.73 6.96 8.27 5.92
Carpiklik 2.52 2.47 245 2.89 2.42
Ortalama 8.95 7.88 8.37 8.61 9.66
Kimyasal Oksijen Standart 7.99 12.84 9.15 7.40 1022
ihtiyac1 (COD) Sapma
Basiklik 12.93 17.10 11.62 15.44 10.90
Carpiklik 347 404 313 3.61 3.06
Ortalama 1.82 1.74 1.41 2.33 1.87
Biyokimyasal Standart 0.95 174 0.91 1.83 1.48
Oksijen Ihtiyac1 Sapma
(BODs) Basiklik 2.85 19.37 5.24 0.68 9.29
Carpiklik 1.73 410 1.93 1.36 2.67
Ortalama 50943 47951  497.22 542.87 504.59
 Elektriksel S;Z;f;‘art 19.62 65.15 5243 75.60 81.01
Tetkentik (EC) Basiklik -0.84 1.14 0.08 0.48 0.58
Carpiklik -0.32 1.09 0.69 0.27 0.67
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Ayrica tabloda bulunan
degerlerinden negatif
carpik, pozitif olanlar da saga carpiktir.
Parametrelere ait basiklik degerlerine
bakildiginda T parametresine ait yillik,
yaz, sonbahar mevsimleri EC
parametresine yillik  ortalama
degerleri negatiftir ve Platykurtic bir
dagilim mevcuttur. Diger tiim degerler
pozitiftir ve Leptokurtic dagilim soz
konusudur. Ayrica Tablo 1'de pozitif
basiklik degerleri arasinda ¢ok biiyiik
degerler Bu  Dbasiklik
degerleri icin ¢ok kalin kuyruklara ve
¢ok aykir1 degerlere sahip olduklar
yorumu yapilabilir.

carpiklik
olanlar sola

ve
ait

mevcuttur.

2.2 Yontemler

Zaman serisi verilerinin ayn1 kiimeden
olup olmadiginin incelenmesi
gerekmektedir. Herhangi bir zaman
serisinin homojenligini test eden cesitli
yontemler En cok
kullanilanlardan biri Runs (Swed-
Eisenhart) testidir. Bu testteki hipotez,
ayn1 zaman serisindeki verilerin aymn
geldigi
oldugudur. Testin uygulanabilmesi igin
oncelikle medyan degeri bulunur. Daha
sonra serisindeki
medyanin iistiinde veya altinda olup
olmadigina bakilir. Bu hesaplamalar
sonrasinda Denklem 1'den test degeri
hesaplanir. Homojenlik ve otoregresif
korelasyon testi sonucunda bir veri

vardir.

kiimeden ve  homojen

zaman verilerin

istenilen sinurlarin disinda kaliyorsa bu
durumda bu veriler {izerinde trend
yapilmast uygun degildir
(Saplioglu ve Giiglii, 2022). Bu nedenle
trend yapilmadan  once
korelasyon de  yapilmustir.
Otoregresif korelasyon testi degerinin

analizi

analizi
testi
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givenilir bir trend analizi igin 0.30
degerinin altinda olmas1 gerekmektedir.

Ustiinde olmasi durumunda
Prewhitening yapilmalidir.
2NN, + 1
" N,+N
Zp = =2 €Y
2N, Ny (2NN, — N)
NZ(N -1

Burada R Runs sayisini, Nx medyanin
altindaki Ny
medyanin iistiindeki degerlerin sayisin,
N ise veri sayisini temsil etmektedir.

degerlerin  sayisini,

MK testi (Mann, 1945; Kendall, 1975),
sira tabanli parametrik olmayan bir
aykirt1  degerlere karsi
duyarsizdir. Bu testte verilerin normal
dagilm  varsayimlarini  kargilamasi
gerekmemektedir (Ashra vd.. 2021;
Gadedjisso-Tossou vd., 2021) MK test
istatistigi su sekilde hesaplanir:

testtir ve

S =X Xfein Sign(xj - x;) ssign(x —x;) =
+1 (xj - xl-) >0
0 (xj - xi) =0
-1 (X] - xl-) <0

@)

Pozitif bir S degeri yiikselis egilimini
temsil ederken, negatif bir S degeri ise
diisiis egilimini temsil etmektedir. Z
degerini elde etmek i¢in varyans degeri

hesaplanir.  Varyans (S) su sekilde
hesaplanir:
Var(S) = n(n-1)(@n+5)-YZ, ti(ti-1)(2ti+5) )
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Bagli grup (m), Orneklem biytikligi
n>10 olmas1 durumunda normal Z test
istatistigi Denklem 4’teki gibi hesaplarur.

_ s#1
~ var(s)1/2

(4)
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Bu denklemde S>0 ise S-1, S<0 ise S+1
kullanilir ve S=0 ise Z = 0’dir. Z'nin

pozitif degeri artan egilimi
gostermektedir. Aksi takdirde diisiis
egilimini  gostermektedir  (Aditya,

Gusmayanti ve Sudrajat, 2021; Acar,
2024).

SR testi (Lehmann ve D’Abrera, 1975;
Spearman, 1904), dogrusal ve dogrusal
olmayan egilimler i¢in kullanilan baska
bir yontemdir. Egilimlerin  olup
olmadigim dogrulamak amacryla yaygmn
bir sekilde kullanilan bir yontemdir
(Rahman, Yunsheng ve Sultana, 2017).
Dogrusal egilimin olup olmadigini tespit
etmek icin hizli ve basit bir test
Bu  sebeple
egilimlerin tespiti hususunda yaygin bir
sekilde trend
yontemlerindendir. Bu
hipotezi (Ho), zaman serisinde bulunan
tiim verilerin hem bagimsiz hem de
benzer sekilde dagildiklarini; alternatif
hipotez (Hi) ise artan veya azalan
egilimlerin var oldugu seklindedir
(Shadmani, Marofi ve Roknian, 2012). Bu
Rep
standartlastirilmis test istatistigi olan Zsp
Denklem 5 ve 6'da gosterildigi gibi ifade
edilir:

yontemidir. mevcut

kullanilan analiz

testte  sifir

yontemde test istatistigi ve

63,0

RSp =1 n(n2-1) ®)
’ (n-2)
Zsg = Rsp (111R5p2) (6)

Burada; Di gozlem sirasi, i kronolojik sira
numarast. N zaman serisinin toplam
uzunlugunu temsil etmektedir. Tespit
edilen Z'nin pozitif degerleri hidrolojik
zaman serisi boyunca artan bir egilimi
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temsil ederken, Z'nin negatif degerleri
ise azalan egilimleri temsil eder. Normal
dagilimda Z degeri Za» degerine karsilik
gelen (a=0.05) 6nem derecesi degerinden
biiyitkk olursa sifir hipotezi (Ho)
reddedilir ve trend oldugu kabul edilir
(Ahmad vd., 2015; Acar, 2024).

ITA yontemi ilk olarak Sen (2012)
tarafindan Onerilmigtir. MK testi veya
diger yontemlerin aksine, ITAnin en
biiylik avantaji herhangi bir varsayim
(seri  korelasyon, normal olmama,
orneklem sayis1) gerektirmemesidir. Ilk
olarak
{xlfxz’ ---'xn/Z} Yoz =
{xn/2+1,xn/2+2,...,xn} seklinde iki esit

zaman serisi

Vin/2 =
ve

parcaya boliiniir ve ayr1 ayri artan veya
azalan sirada siralanir. ki esit parcaya
boliinmiis verilere bagli olarak birinci
yar1 X ekseninde ikinci yar1 Y ekseninde
olacak sekilde bir dagihm diyagram
cizilir. Ayrica ayn grafik {izerinde egimi
1:1 olan (45° dogrusu) ideal bir dogru
cizilir. Eger kullamilan veriler bu ideal

dogrunun  iizerinde toplamr ise
herhangi bir trendin olmadig: kanisina
varilabilir. Ancak veriler 1:1 ideal

dogrusunun {ist iiggen bolgesinde ise
artan, alt iiggen bolgesinde ise azalan
trend s6z konusudur. Bu alternatif
durumlara ek olarak azalan bolgeden
artan bolgeye, artan bolgeden azalan
bolgeye gecis durumlari da vardir ve
buna kismi artan-azalan monotonik
olmayan trend adi verilir. Yukarida
bahsi gegen tiim durumlar $ekil 1’de

sunulmustur.

Gl (2020) tarafindan Onerilen IV-ITA
yonteminde de ITA yonteminde oldugu
gibi oncelikle zaman serisi iki esit yariya
(parcaya) boliniir ve veriler kendi



Acar, R., 2025

igerisinde Kkiigiikten biiytige dogru
siralanir.
o @ &, 1 o
o =3
L ot “f ¢’
- #* $0,
P o Ep
7 ] A
“ﬁ“ﬁ’f F|%
s

Sekil 1. ITA yontemi 1:1 dogrusuna gore
sagillm durumlar1 (Saphoglu,
2024).

Sonrasinda ikinci veri setinden birince
veri seti ¢ikarilarak bir fark serisi elde
edilir. Boylelikle veri sayis1 birbirine egit
olan i¢ veri seti elde edilir. Bu seriler i¢in
veri degerleri y eksenine, bu veri
degerlerine karsilik gelen rakamlar (veri
numaralar1) ise x eksenine yerlestirilir.
Eger fark serisine ait veriler yatay eksen
(x ekseni) tiizerinde ise
herhangi bir trend olmadig1 kanisina
varilir. Veriler yatay ekseninin iistiinde
toplanmis ise artan yonde trend, yatay
ekseninin altinda toplanmis ise azalan
yonde bir trend oldugu kanismna varilir
(Sekil 2).

toplanmis

»Q 6 @ ) 12 14

Sekil 2. IV-ITA yonteminin uygulanisi.
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3. Bulgular

20-06-00-001numarali Ceyhan Nehri E-5
Kopriisii 6l¢lim istasyonunun 1986-2013
yillar1 arasinda oOlgiimler sonucu elde
edilen su kalite parametrelerinden pH,
T, EC, NO2-N, NOsN, NHs*-N, BODs ve
COD degerleri incelenmis ve su kalite
smiflart  her bir parametre igin
belirlenmistir. YSKYY'nde verilen kita
i¢i yeriistii su kaynaklar1 dort farkli su
sinifina ayrilmistir. Bunlar, Sinif-I, Smif-
II, Smuf-III ve Smif-IV kalitesindeki
sulardir. Smuf-I kalitesindeki sular,
yliksek Kkaliteli sular olarak, Sif-II
kalitesindeki sular, az kirlenmis sular
olarak, Smuf-III kalitesindeki sular,
kirlenmis olarak ve Sif-IV
kalitesindeki sular, ¢ok kirlenmis sular
olarak simuflandirilmaktadir (Topal ve
Topal, 2015).

sular

YSKYY'ne gore Siuf-l kalitesindeki
sularin pH degerleri 6.5-8.5 arasinda
olmasi  gerekmektedir. Tablo 1e
bakildiginda  yillik  ortalama ve
mevsimlik ortalama pH degerlerinin
8.08-8.20 araliginda oldugu
goriilmektedir. Bu nedenle istasyonun
pH acisindan su Kkalitesi Smf-I olarak
belirlenmistir.

YSKYY'ne gore Smif-I Kkalitesindeki
sularin sicaklik (T) degeri <25 °C, Siuf-II
kalitesindeki sularin sicaklik degeri >25
°C, Smuf-III kalitesindeki sularin sicaklik
degeri <30 °C ve Smuf-IV kalitesindeki
sularin sicaklik degeri >30 °C olmas:
gerekmektedir. Tablo 1’e bakildiginda
yillik ortalama ve mevsimlik ortalama T
degerlerinin 25 °C’den kiiciik degerler

aldigindan, istasyonun sicaklik
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agisindan ytizeysel su kalite smift Sinuf-I
olarak belirlenmistir.

YSKYY incelendiginde Sinif-1
kalitesindeki sularm EC degerlerinin
<400 pS/cm oldugu, Smuf-II kalitesindeki
sularin EC degerlerinin, 400-1000 uS/cm
oldugu, Smif-III kalitesindeki sularin EC
degerlerinin, 1001-3000 puS/cm oldugu ve
Smif-IV  kalitesindeki  sularin  EC
degerlerinin, >3000 pS/cm  oldugu
goriilmektedir. Tablo 1’e bakildiginda
yillik ortalama ve mevsimlik ortalama
EC degerlerinin 479.51-542.87 uS/cm
araliginda oldugu goriilmektedir. Bu
nedenle istasyonun EC agisindan su
kalitesi Sinif-II olarak belirlenmistir

YSKYY'nde Siuf-l kalitesindeki sular
icin COD degerleri <25 mg/L olarak,
Sinif-II  kalitesindeki sular i¢in COD
degerleri 25-50 mg/L olarak, Smuf-III
kalitesindeki sular i¢cin COD degerleri
50-70 mg/L  olarak Sif-IV
kalitesindeki sular icin COD degerleri
>70 mg/L olarak belirlenmistir. Tablo 1’e
bakildiginda  yilik  ortalama
mevsimlik ortalama COD degerlerinin
25 mg/L degerinden kiigiik oldugu ve
istasyonun  COD kalite
sinifinin Sinif-I oldugu tespit edilmistir.

ve

ve

acisindan

YSKYY'nde BODs degeri <4 mg/L olan
sular Smuf-I kalitesinde sular, 4-8 mg/L
arasinda olan sular Sinif-II kalitesinde
sular, 8-20 mg/L arasinda olan sular
Sinif-III kalitesinde sular, >20 mg/L olan
sular Sinif-IV kalitesinde sular olarak
Tablo 1e
ortalama  ve

siniflandirilmistir.

bakildiginda  yillik
mevsimlik ortalama BODs degerlerinin 4
mg/L. degerinden kiigiik oldugu ve
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BOD:s kalite
sinifinin Sinif-I oldugu belirlenmistir.

istasyonun agisindan

YSKYY’'nde NH4*-N igin verilen degerler
incelendiginde NH4*-N degeri <0,2 mg/L
ise Smuf-I kalitesinde su, 0,2-1 mg/L
arasinda ise Siif-II kalitesinde su, 1-2
mg/L arasinda ise Siuf-III kalitesinde su
ve >2 mg/L arasinda ise Smuf-IV
kalitesinde su olarak smiflandirilmistir.
Tablo 1’e bakildiginda yillik ortalama ve
NHa4*-N
arasinda

mevsimlik ortalama

degerlerinin 0.2-1.0 mg/L
oldugu ve istasyonun NH+*-N agisindan
kalite Simif-I  oldugu

belirlenmistir.

smifinin

YSKYY’'nde Sinif-I kalitesinde sular igin
NOz-N degeri, <0,002mg/L olarak, Sinuf-
II kalitesinde sular icin 0,002-0,01 mg/L,
Sinif-III kalitesinde sular igin 0,01-0,05
mg/L, Siuf-IV kalitesinde sular igin
>0,05 mg/L olarak belirlenmistir. Tablo
1’e bakildiginda yillik ortalama, ilkbahar
ve sonbahar mevsimleri ortalama NOz-
N degerlerinin kalite smifinin Sinif-1V;
kis ve yaz mevsimleri ortalama NOz-N
degerlerinin kalite smufrin  Smuf-III
oldugu belirlenmistir.

YSKYY'nde NOsN degeri <5 mg/L olan
sular Smnif-I kalitesinde sular, 5-10 mg/L
arasinda olan sular Sinif-II kalitesinde
sular, 10-20 mg/L arasinda olan sular
Smuf-1II kalitesinde sular ve >20 mg/L
olan sular Smmif-IV kalitesinde sular
olarak smiflandirilmigtir. Tablo 1'e
bakildiginda  yilik  ortalama
mevsimlik ortalama NOsN degerlerinin
5 mg/L degerinden kiiciik oldugu ve
istasyonun NOsN agisindan  kalite
smifinin Sinif-I oldugu belirlenmistir.

ve
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20-06-00-001numaral
istasyonunun 1986-2013 yillar1 arasina
uygulanan sonuglar1  bu
boliimde irdelenmistir. Zaman serisi
kiimeden
olmadiginin incelenmesi gerekir. Bu
sebeple Tablo 2'de
parametrelerin Run (Z) testi degerleri
incelenmistir. pH i¢in kis ve yaz
mevsimleri, T i¢in kis ve sonbahar
mevsimleri, NO2-N i¢in yillik ortalama
verisi, NOsN i¢in kis mevsimi, NHas*-N
icin kig mevsimi, BODs icin sonbahar

Olglim
testlerin
verilerinin

ayni olup

incelenen

mevsimi  +1.96 degerlerini diginda
oldugu icin verilerin %95 giiven
araliginda homojen olmadig1

sOylenebilir. Bu sebeple bahsi gecen
verilerin kiyaslamada kullanilmamasina
karar Homojenlik
otoregresif korelasyon testi sonucunda
istenilen sinirlarin  diginda
kaliyorsa bu durumda bu veriler
tizerinde trend analizi yapilmasi
istatistiksel agidan uygun degildir.
(Saplhioglu ve Giiglii 2022; Saplioglu
2024) Bu
yapilmadan oOnce korelasyon testi de
yapilmigtir. Otoregresif korelasyon testi
degerinin giivenilir bir trend analizi i¢in
0.30 altinda
gerekmektedir. Ustiinde
durumunda prewhitening yapilmalidair.
Otoregresif korelasyon sonuglar1 Tablo
2’de sunulmustur. Bu tabloya gore tiim
sonuglar icin uygun
degildir. Bu sebeple uygun olmayan
(r>0.30 olan degerler)
prewhitening uygulanmusgtir.

verilmistir. ve

bir veri

nedenle trend analizi

degerinin olmasi

olmasi

trend analizi

verilere
iglemi
Prewhitening islemi uygulandig1 halde
otoregresif korelasyon degeri 0.30'un
tistiinde kalan NO2z-N parametresi kis
mevsimi verisi ile EC parametresi yillik
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de
kullanilmamustir (Tablo 3).

ortalama  verileri kiyaslamada

MK ve SR yontemlerine ait Z degerleri
Tablo  4'te  kiyaslamah olarak
gosterilmistir. Tablo 4'te goriilen (-) ile
ifade edilen verilerin bazilar1 homojen
olmadigindan bazilar1 ise yiiksek
otoregresif korelasyon degerine (r>0.30)
sahip oldugundan kiyaslamada
kullanilmamis ve trend degerleri
belirlenmemistir. Tablo 4'te MK Z
degerleri ile SR Z degerleri arasinda
ayrisan COD parametresine ait kis ve
ilkbahar verileridir. Kis verisinde MK Z
degerine gore %95 giliven araliginda
azalan trend gozlemlenirken SR Z
degerine gore %95 giliven araliginda
herhangi bir trend gozlemlenmemistir.
[lkbahar verisinde ise SR Z degerine gore
%95 giiven araliginda artan trend tespit
edilirken MK Z degerine gore herhangi
bir trend tespit edilmemistir. Her iki
istatistik trend yontemine gore pH ve T
degerlerinde sadece ilkbahar verilerinde
azalan bir trend gozlemlenmistir. NOz~-
N parametresi igin ilkbahar
mevsiminde, NOsN parametresi icin
yaz mevsiminde ve EC parametresi igin
ilkbahar ve yaz mevsimlerinde artan
yonde bir trend gozlemlenmistir. Diger
verilerin tamaminda herhangi bir trend
gozlemlenmemistir.

1986-2013 yillar1 arasinda Olgiilmiis
uzun stireli su kalitesi parametreleri
tizerinden testler yapilmigtir. Elde edilen
sonuglardan ITA ve IV-ITA testleri
sonugclar: sirasiyla Sekil 3 ve Sekil 4'te
gosterilmistir. Grafikler incelendiginde
iki yontem sonuglar1 da benzerlik
gostermektedir.
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Tablo 2. Yillik ve mevsimlik ortalama verilerin otoregresif korelasyon ve Run test

sonuglari.

Yilik Kis  ilkbahar Yaz  Sonbahar
H Run test Z (+1.96) -0.87 295 0.00 -2.35 -0.67
P Otoregresif korelasyon (r) 0.67 0.44 0.28 0.58 0.45
T Run test Z (+1.96) 0.00 -2.64 0.00 0.39 -2.24
Otoregresif korelasyon (r) -0.03 0.23 -0.02 0.01 0.40
NO=N Run test Z (+1.96) 264 -1.89 -1.13 -1.13 -1.89
Otoregresif korelasyon (r) 0.33 0.71 0.00 0.02 0.45
NO=N Run test Z (+1.96) -1.13 -2.64 0.01 -1.13 -0.75
Otoregresif korelasyon (r) 0.39 0.37 0.07 0.53 -0.08
NH*-N Run test Z (+1.96) 113 227 -0.37 -1.13 -1.09
Otoregresif korelasyon (r) 0.63 0.30 -0.11 0.43 0.69
CcoD Run test Z (+1.96) -1.85  -0.75 -0.01 -1.00 -1.00
Otoregresif korelasyon (r) 0.44 0.81 0.06 0.07 0.40
BOD:s Run test Z (+1.96) -0.32  -1.89 0.39 -0.37 -2.64
Otoregresif korelasyon (r) 0.51 0.25 -0.25 0.51 0.06
EC Run test Z (+1.96) -1.89  -4.16 0.39 -1.13 -1.51
Otoregresif korelasyon (r) 0.56 0.37 -0.25 0.42 0.17

Tablo 3. Yillik ve mevsimlik ortalama verilerin prewhitening islemi sonrasi
otoregresif korelasyon ve Run test sonuglari.
Yillik  Kis ilkbahar  Yaz Sonbahar

H Run test Z (+1.96) 0.00 - 0.00 - 0.76
P Otoregresif korelasyon (r) 0.05 - 0.28 - -0.18
T Run test Z (+1.96) 0.00 - 0.00 0.39 -
Otoregresif korelasyon (r)  -0.03 - -0.02 0.01 -
NO=N Run test Z (+1.96) - -1.51 -1.13 -1.13 1.90
Otoregresif korelasyon (r) - 0.54 0.00 0.02 -0.12
NO+-N Run test Z (+1.96) 0.00 - 0.01 -0.75 -0.75
Otoregresif korelasyon (r)  -0.27 - 0.07 -0.10 -0.08
NHa-N Run test Z (+1.96) 0.76 - -0.37 1.52 -1.09
Otoregresif korelasyon (r)  -0.04 - -0.11 0.03 0.11
COD Run test Z (+1.96) 0.00 -1.13 -0.01 -1.00 -0.61
Otoregresif korelasyon (r)  -0.16 0.11 0.06 0.07 -0.19
BOD: Run test Z (+1.96) 039  -1.89 0.39 0.00 -
Otoregresif korelasyon (r) -0.09 0.25 -0.25 -0.12 -
EC Run test Z (+1.96) 2.66 - 0.39 0.01 -1.51
Otoregresif korelasyon (r)  -0.36 - -0.25 -0.26 0.17

Ancak bazi parametrelerde ve verilerde  ilkbahar mevsimi i¢in herhangi bir trend
(yilik veya mevsimlik) farkhiliklar s6z  gozlemlenmemistir. ITA yOnteminde
konusudur. NO2-N parametresinde ITA  pH parametresi icin tiim verilerde
yonteminde tiim verilerde artan trend  azalan trend tespit edilirken IV-ITA
tespit edilirken IV-ITA yonteminde  yonteminde herhangi bir trend
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Tablo 4. MK ve SR yontemleri Z degerlerinin kiyaslama tablosu

Yillik Kis ilkbahar Yaz Sonbahar
ZMK Zsr ZMK Zsr ZMK Zsr ZMK Zsr ZMK Zsr
pH -1.52  -1.46 - - -291  -290 - - -0.30 -0.39

T 0.00 -0.04 - - -289 -293 -1.01 -0.65 - -
NOz-N - - - - 4.45 6.03 1.59 1.83 -0.02 021
NOs-N 0.47 0.42 - - 1.52 1.79 2.31 2.52 0.54 0.46
NH4-N 0.66 0.64 - - 1.56 1.76 1.22 1.16 0.84 0.63
COD -0.79 -08 -211 -159 171 211 -0.65 -056 -1.66 -1.33

BOD:s 0.62 0.61 -0.77 062 0.21 0.11 1.56 1.44 - -
EC - - - - 2.08 2.19 2.01 2.07 0.88 1.06

gozlemlenmemistir. COD parametresi
i¢in ITA yonteminde yillik ve sonbahar
mevsimi verilerinde azalan yonde trend,

ilkbahar mevsimi verilerinde artan
yonde trend, kis ve yaz mevsimlerinde
ise herhangi bir trend

gozlemlenmemistir. IV-ITA yonteminde
ise sonbahar mevsiminde azalan yénde
trend tespit edilirken diger verilerde
herhangi bir trend gézlemlenmemistir.
T, NOs-N, EC, BOD:s NH4+-N
parametrelerinde iki yontem igin de
sonuglar elde edilmistir. T
parametresi icin sonbahar mevsiminde

ve
benzer

artan diger tiim verilerde azalan yonde
trend tespit edilmistir. NOs-N, NHs-N
ve EC parametreleri icin hem yillik
ortalama verileri hem de mevsimlik
ortalama verileri icin artan yonde trend
tespit edilmistir. BODs parametresi igin
yilik ortalama verileri ve sonbahar
mevsimi ortalama verileri icin artan
yonde trend tespit edilirken diger
verilerde herhangi bir trend s6z konusu
degildir.

4. Sonuglar

Giliniimiizde artan niifus ve

sanayilesmeden dolay1 su kaynaklarinin
korunmast ¢ok onemlidir. Mevcut su
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kaynaklarinin korunmasi igin oncelikle
bu kaynaklarin mevcut kalitesini tespit
etmek, daha sonrada gelecekle ilgili
ongoriide bulunmak ¢ok 6nemlidir. Bu
calismada Akdeniz akarsularindan olan
Ceyhan Nehri'ne ait istasyonun pH, T,
EC, NO2-N, NOsN, NH+-N, BODs ve
COD parametrelerinin degerleri
YSKYY'nde  belirlenen kalite
standartlariyla  karsilastirilarak ~ su
kalitesi smifi her bir parametre igin
belirlenmistir. Ayrica her bir
parametrenin ~ Mann-Kendall  test
istatistigi, yenilik¢i trend yoOntemleri
kullarularak egilimleri belirlenmistir.

su

Elde edilen veriler degerlendirildiginde
20-06-00-001numarali Ceyhan Nehri E-5
Kopriisii olgiim istasyonundan alinan
pH, T, COD, BODs, NOsN parametreleri
acgisindan Sinif-I kalitesinde oldugu, EC
ve NHa*-N parametreleri agisindan Sinif-
II oldugu, NO2z-N parametresi agisindan
yillik ortalama, ilkbahar ve sonbahar
mevsimleri i¢in Smuf-IV, kis ve yaz
mevsimleri i¢in ise Sinif-1II kalitesinde
oldugu tespit edilmistir. Mevsimsel ve
yillik ortalama verilerin su kalitesi sinifi
tespitinde sadece NOz-N parametresi
oldugu tespit

sonuglarinin  tutarsiz

edilmistir.



Su Kalitesi Parametreleri icin Mann-Kendall ve Yenilik¢i Trend Yontemlerinin Karsilastirilmasi

15 25 - 30 28
§ 20 Yillik § Kis ﬁ » llkbahar, & o8 Yaz ﬁ Sonbahaé
S &P < F & o S < 0y
) & &12 o 17 o° N 26 500 291 | P
S s S o S & 8 ° S 8
S o & 000 13 |o S 24 |ommw e I8
~ 15 =9 ) = 22 F o
B2 o 1215 9 131721 25 22 24 26 28 30 4 21 28
T (1986-1999) T (1986-1999) T (1986-1999) T (1986-1999) T (1986-1999)
9 9 9 9
o | Yunk = |Kis & | ilkbahar &9 |Yaz & | sonbahar
o — 7] & o o o
S S g § o | S S o ©
g & | s | 8 #°° | g ¥ | g &
o o [e] o o o
s < ) ° ) o ) °
8 8 s 7 Ts 2
8 9 =2 g 9 8 9 7 9 8 9
pH (1986-1999) pH (1986-1999) pH (1986-1999) pH (1986-1999) pH (1986-1999)
= 004 50,06 - 008 006 g
2 vk /] 2 fo g g olkbanat 2 |3 g Jonbggar
s |8 g g | |, g
S g g |8 g g |
= = |8 = | = <
g 0,00 S 000 & S000 & S 0,00 & 000
0,00 0,05 0,00 0,04 0,00 0,06 0,00 008 = 0,00 0,06
NO,-N (1986-1999) NO,-N (1986-1999) NO,-N (1986-1999) NO,-N (1986-1999) NO,-N (1986-1999)
2 2 = o 2
& Yilhk @0 & Kis g) o g I]kbaha;& g ) Yaz & g Sonb%hard
§1 égv X §° 31 f iy S iy Vi
o . y
g | £ g g1 F g oo
= = z = =
i 0 o i 0 [o] c‘g’ 0 o 5"‘0 8’0
e 0 2 2 9o 1 9 = 1 2= 0 1 2 20 1 2
NO,-N (1986-1999) NO,-N (1986-1999) NO,-N (1986-1999) NO,-N (1986-1999) NO,-N (1986-1999)
12 20 30 -
& | vk ° g7 |Ks & |likhghar 740 | © 20 | °
89 o S §20 o S S Sonbahar
N
g6 | &° g 0 €10 | o g20 | o g 20
S 290 S - g @® S 9 S P
o3 ) [a) 3 Iy 7 o 17’ o 7
83 6 9 12 80 g0 g0 g 0
0 10 20 0 10 20 30 0 20 40 0 20 40
COD (1990-2001) COD (1990-2001) COD (1990-2001) COD (1990-2001) COD (1990-2001)
650 650 650 — 650 5 650
& ik & Kis o &) ilkbahar s Yaz o o 8
8560 =560 | O S 560 o S 560 | 0@ S 560 6%00
& IS ] g‘ & fg( & ° S onbahar
470 S 470 S 470 S 470 S 470 b
) I o o & X b
Q380 S 380 2 380 o 380 o 380
380 470 560 650 380 470 560 650 380470560650 380 470 560 650 380470560650
EC (1986-1999) EC (1986-1999) EC (1986-1999) EC (1986-1999) EC (1986-1999)
5 5 10 5 4
—~ = = ~ 6 o o = Sonbahar
jct 3 K ) ) 9 ) )
g4 | vk g " g g ikbahat g5 °® g3 ® /o
gl | S5 | o S, S3| @ vya g2
S S g ) /f g2 | ¢ 8,
=, & g 1% 5. L2
g1 a0 a 0 20 a0
1 2 3 45 0 5 10 012345 0123456 0 1 2 3 4
BOD, (1986-1999) BOD, (1986-1999) BOD, (1986-1999) BOD, (1986-1999) BOD, (1986-1999)
—~ ] & [e] & I~ = o
22 Yilik g2 | ki g2 © §3 ° ", g 3 oSonbahar
S = : e, €2 c2(8
81 &1 81 |g Tlkbahan S S
= 5 z z =1 ile
z 0 & E 0 H 0 L §0 H 0
0o 1 2

NH,*-N (1986-1999)

1 2
NH,*-N (1986-1999)

0 1 2
NH,*-N (1986-1999)

0o 1 2 3
NH,*-N (1986-1999)

0 1 2 3
NH,*-N (1986-1999)

Sekil 3. Yillik ve mevsimlik ortalama su kalitesi parametrelerine ait ITA testi
egilimleri.
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Sekil 4. Yillik ve mevsimlik ortalama su kalitesi parametrelerine ait IV-ITA testi
egilimleri.
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Diger parametrelerde
mevsimsel
sonuglarinin birbiri ile paralel sonuglar
verdigi belirlenmistir.

ise yillhk ve

ortalama verilerin

Verilerin istatistiksel anlamda egilim
glivenilirliginin
amaciyla birinci asamada
homojenlik testi yapilmistir. Homojen
veri  setlerinin  egilim
sonuglarma istatistiksel ~yontemlerin
deger tablosunda yer verilmemistir.
Ikinci  asamada ise  otoregresif
korelasyon testi yapilmigtir. Daha sonra
bu teste gore de
araliginda olmayan veriler istatistiksel
yontemlerin  deger dahil
edilmemistir. Yapilan analizler
sonucunda elde edilen trend analiz
sonuclarinin  6zellikle pH ve COD
parametrelerinde kullanilan istatistiksel
ve yenilik¢i trend yon-temleri sonuglari
birbiriyle uyum saglamamistir. Mann-
Kendall ve Spearman Rho istatistiksel

analizlerinin test

edilmesi

olmayan

istenilen deger

tablosuna

yon-temlerinin sadece COD
parametresinin  kis  ve  ilkbahar
mevsimlerinin  sonuglarinda  farkh
sonuglar elde ettikleri goriilmiistiir.

Genel olarak elde edilen trendlerde
gorsel trend yontemlerinin kendi i¢inde,
yontemlerinde  kendi
icerisinde benzer sonuglar vermislerdir.
Ayrica verilerdeki farkin ¢ok belirgin
olmadig: gorsel
yontemlerinin  kullanilmasmin  daha

uygun olacag1 goriilmiistiir.

istatistiksel

durumlarda trend

Kullanilan tiim yontemler trend analizi
igin uygundur. Ancak bir hidrolojik
olayda belirlenirken ~ bu
yontemlerin kullanilmas:
glvenilirligi arttiracaktir. Makalede elde
edilen

trend
beraber

sonuglar degerlendirildiginde
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farkli analizlerin Dbirlikte
kullanilmas: testlerdeki yanilma payim

yapilarak

azaltacaktir.

Etik Standartlar Bildirgesi

Yazarlar tiim etik standartlara uyduklarini beyan
ederler.

Yazarlik Katki Beyani
Yazar 1: Arastirma, Metodoloji,
Kavramsallagtirma, Analiz ve

yorumlama, Dogrulama, Yazma/orijinal
taslak, Yazma/inceleme ve diizenleme,
Gorsellestirme

Cikar Catismasi Beyam

Yazarlarin bu makalenin igerigiyle ilgili olarak
beyan edecekleri higbir ¢ikar catismasi yoktur.

Verilerin Kullanilabilirligi

Bu calisma sirasinda olusturulan veya analiz
edilen tiim veriler, yaymlanan bu makaleye dahil
edilmistir.
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Oz

Calismanin amaci, Burdur Golii'niin su yiizey alani iizerindeki mekansal degisimleri
analiz etmek ve Burdur Golii Havzasindaki uzun yillik iklim kayitlarmdaki
egilimleri inceleyerek gol yiizey alaninin gelecekteki durumu hakkinda tahminler
yapmaktir. Bu dogrultuda, calisma alani icin Landsat 4-5 ve Landsat 8 uydu
goriintiileri ~ kullanilarak  analizler  gergeklestirilmistir. Bu  goriintiilerin
simiflandirilmasi, Modifiye Normallestirilmis Fark Su Indeksi (mNDWI),
Normallestirilmis Fark Su Indeksi (NDWT) ve Su Indeksi 2015 (WI2015) su indisleri
kullanularak yapilmistir ve 1985-2021 yillar1 arasinda her yil igin gol yiizey alamu
verileri toplanmigtir. Calismanin sonuglarina gore, Burdur Golii'niin su alan1 1985 yili
ile 2021 yili arasinda biiyiik oranda (81.7-92.3 km?) azalmistir. Yapilan dogrusal
regresyon analizlerine dayanarak, goliin 2070-2080 arasinda kuruyacagi tahmin
edilmektedir. WI2015 yontemi, OMH (7.0554) ve GOMH (4.1711) gibi diisiik hata
degerleri ile 0.9923'liik yiiksek korelasyon katsayis: ile en basarili yontem olarak
degerlendirilebilir.

Anahtar kelimeler: Su Indeksleri, Burdur Golii, Uydu Goriintiisii, Kuraklik
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Analysis of the Water Level Change in Lake Burdur Using
Satellite Images with Different Water Indices and
Prediction of Future Changes

Abstract

The study aims to analyze the spatial changes in the water surface area of Burdur
Lake and to predict the future state of the lake’s surface area by examining long-term
climate trends within the Burdur Lake Basin. In this regard, the study area was
analyzed using Landsat 4-5 and Landsat 8 satellite images. These images were
classified using the Modified Normalized Difference Water Index (mNDWI),
Normalized Difference Water Index (NDWI), and Water Index 2015 (WI2015) water
indices, and lake surface area data were collected for each year between 1985-2021.
According to the study results, Burdur Lake’s water area decreased significantly
(81.7-92.3 km?) between 1985 and 2021. Based on linear regression analysis, it is
estimated that the lake will dry out between 2070-2080. The WI2015 method can be
considered the most successful method with low error values such as MAE (7.0554)
and MARE (4.1711) and a high correlation coefficient of 0.9923.

Keywords: Water Indexes, Burdur Lake, Satellite Image, Drought
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1. Giris

Su, toplumsal ve ekolojik faaliyetlerin
temel kaynagidir. Tiirkiye, siurli su
kaynaklarina sahip bir cografyada yer
almakta ve su yoOnetimindeki hatalar,
artan niifus, su talebi ve iklim degisikligi
gibi faktorlerle su sikintis1 yasamaktadir
(Akiiztim vd., 2010). Bilingsiz kullanim
ve kirlilik, su kaynaklarimin hizla
azalmasina neden olmaktadir (Kurttas
ve Tezcan, 2018).

Yar1 kurak iklimlerde, yagislarn
diizensizligi su yonetimini daha kritik
hale  getirmekte, sulak alanlarin

korunmas: ve kuraklik ongoriisii icin
bolgesel analizler 6nem tasimaktadir
(Pamuk vd., 2004; Latifoglu vd., 2024).
Kurakligin belirsiz siiresi, yaygin etkileri
ve ekonomik maliyeti, su kaynaklarinin
suirdiiriilebilir
kilmaktadir
2022).

zorunlu
Cosgkun,

yonetimini
(Citakoglu ve

Siirdiiriilebilir su kaynaklar
yonetiminde, 6zellikle goller gibi biiyiik
kuraklik
durumlarmn siirekli olarak izlenmesi
son derece Onemlidir (Coskun ve
Citakoglu, 2023; Aktirk vd., 2024). Bu
kaynaklarinin

dengesinin
gelecekteki
ihtiyaclarmin karsilanmasina yonelik
stratejik  Onlemlerin  gelistirilmesinde
temel bir rol oynamaktadir (Kaya ve
Kaplan, 2021). Tiirkiye'de 1 km?den
daha  biiyik 104  dogal  gol
bulunmaktadir. Bu goller arasinda tuz

ve soda iiretimi gibi gesitli amaglar icin

su kiitle sistemleri igin

izleme  siiredi, su

korunmasi, ekosistem

stirdiirilmesi  ve su

kullanulanlar da vardir. Ayrica sulama
ve genel kullanim amaglariyla isletilen
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goller de mevcuttur. Tiirkiyenin goller
bakimindan
kaynaklari agisindan stratejik bir 6neme
sahip olmasini saglamaktadir. Bu goller,
morfolojik ve hidrolojik agidan cesitlilik
gostermektedir
2018). Antropojenik faaliyetler ve iklim
degisikligi nedeniyle ylikselen
sicakliklar, ki aylarinda  goller
tizerindeki buz ortiisiinde azalmaya ve
ylizey suyu sicakliklarinda artis
olmasma  yol a¢gmaktadir. Bu
degisimlerin bir sonucu olarak, gollerin
su seviyeleri ve ylizey alanlarn hizla

zenginligi, {ilkenin su

(Kurttas ve Tezcan,

azalmaktadir. Bu baglamda, yasamsal
oneme sahip olan suya erisim ve su
temini giderek kiiresel bir sorun haline
gelmektedir (Isildar ve Ercoskun, 2021).
Gol alanlarmin degisim stireci oldukga
karmasik bir siirectir; baslangicta gol ile
havza arasindaki dogal su dongiisiinden
etkilenir ve bu da havza icindeki
hidrolojik degisiklikleri tetiklemektedir
(Demir, 2022). Goller, belirli bir
bolgedeki iklim degisikliginin  su
kaynaklar1 tizerindeki olumsuz olan
etkilerinin gozlemlenebilecegi dogal
olusumlardir. Bu  sebeple, iklim
degisikliginin onciil etkileri genel olarak
gollerde fark edilir. Bu durum, gollerde
olan degisimlerin
kaynaklarinin yonetimi ve korunmasi
agisindan biiyiik 6nem tasidigini ortaya

izlenmesinin  su

koymaktadir.

Goller, yeralti kaynaklarindan sizan su
ve bazi mevsimsel akarsular ve yagmur
sular1 lizerinden beslenirler. Ge¢misteki
kayitlara gore, gol su seviyeleri jeolojik
zamanlar igerisinde diisme ve ytiikselme
egilimleri gostermistir. Bununla birlikte,
meteorolojik ve hidrojeolojik faktorlere
bagh donemsel

olarak bazen su
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seviyelerinde artiglar da goriilebilir.
vd., 2009). Tiirkiye'nin
glineybatisinda yer alan ve "Goller
Yoresi" olarak adlandirilan bolge, bir¢ok

(Beyhan

degerli sulak alana ev sahipligi
yapmaktadir. Bu alanlardan biri de
Burdur Goli'diir. Gegmis jeolojik

donemlerde cesitli degisimlere ugrayan
Burdur Goli, karasal ortama evrilen bir
yapiya sahiptir ve halen bu evrilmeye
devam etmektedir (Roberts, 2003a;
Ataol, 2010; Tudryn vd., 2013). Burdur
Golii, bolgedeki sulak alanlarin nemli
bir parcasi olarak degerlendirilmektedir.
Bu gol ve cevresindeki ekosistemler,
cesitli ekolojik ve biyolojik stireclere ev
sahipligi yapmaktadir. Ayrica, gol ve
cevresi, yerel halk i¢in 6nemli bir su
kaynag1 ve dogal yasam alanidir. Sulak
alanlarin  korunmas: ve
Burdur Golii gibi dogal kaynaklarin
siirdiiriilebilirligi agisindan biiyiik bir

yoOnetimi,

oneme sahiptir. Bu dogal alanlarin
bilimsel c¢aligmalarla siirekli olarak
izlenmesi ve korunmast hem yerel
ekosistemlerin devamliligini saglamak
hem de su kaynaklarinin stirdiirtilebilir
kullanimini temin etmek agisindan kritik
bir role sahiptir.

Literatiirde gol yiizey alanlarinin tespit
yapilan calismalar
incelendiginde; Oguz ve Tugluer (2022)
1972 yilina ait Landsat 1 MSS ve 2022
yilina ait Landsat 8 uydu goriintiilerine
dayanarak  kontrollii  smiflandirma
yontemi  ile  yaptiklari = cahigma
sonucunda, Burdur Golii'niin yiizey
alaninin son 50 yilda %44 oraninda, 92,3
km? (211,1 km?den 1188 km?ye)
azaldigin1 belirlemislerdir. Alevkayal
vd. (2023), Burdur Golii'niin su yiizey
alari {izerindeki mekansal degisimlerin

edilmesinde
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(1986-2022) yanu sira iklim kayitlarindaki

(1940-2021)  egilimlerini  incelemis,
Mann-Kendall Egilim Testi ve SARIMA
yontemini kullanarak, iklim
parametrelerindeki 10 yillik
tahminlerini yapmuislardir. Go6l kiy1
cizgisi analizlerine gore, su yiizey

alaninin 10 yil icinde 17 km? daha
daralacagmi ongormiiglerdir. Peker vd.

(2023) 1984-2023 yillar1 arasina ait

Landsat ve Sentinal-2 uydu
goriintiilerini  Google Earth Engine
(GEE) bulut yaziliminda

degerlendirmistir. Burdur Golii'nde su
kapl alanin tespiti i¢in normallestirilmis
su indeksi (NDWI) kullanmislardir.
Calismanin  sonucunda gol yiizey
alanindaki ortaya
koymuslardir. (2023)
Burdur iklim
degisikligi
seviyesindeki degisimleri
incelemislerdir. Arastirmacilar, 1975-
2020 yillar1 arasinda gol parametreleri ile
iklim parametreleri arasindaki iliskiyi
detayli bir sekilde korelasyon analiziyle
degerlendirmislerdir. Analiz
sonuglarma gore, Burdur Golii'niin su
1975-2020
belirgin bir diisiis egilimi gosterdigi
saptanmis, bu egilimin 2021-2050 yillar
arasinda da artarak devam etmesinin
muhtemel oldugu ongoriilmiistiir. Sener
ve Morova (2011), Burdur Goli su
seviyesi degisimlerinin tahmin edilmesi
icin bularuk mantik yontemiyle bir
model  gelistirmistir. ~ Arastirmada,
Burdur Golii ve cevresinde yer alan

azalmay1
Pinarlik
Goliini

vd.
alarak
gol

ele

etkisi altinda su

seviyesinin doneminde

gozlem istasyonlarinin 1975-2004 arasi
yillarina ait yillik ortalama verilerini
kullanmislardar. Modellerin
glvenirligini test etmek icin gelistirdigi
bulanik modelinin

mantik ve
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olusturdugu regresyon denkleminin
tahmin  ettigi  degerleri,  gozlem
istasyonu verileri ile karsilastirmistir.
Buna gore, bulanik mantik yontemi ile
Ol¢lim verileri arasinda R?*= 0.89 gibi
yliksek bir korelasyon bulunurken,
coklu dogrusal regresyon
sonuglar1 ile 6l¢iim verileri arasinda R?=
0.70, tahminin standart hatas1 2.076 ve R
= 0.837 gibi daha diisiik bir iligki tespit
etmistir.

analizi

Su yiizeylerinin haritalandirilmasinda

kontrollii ve kontrolsiiz smiflama
teknikleri yaygin olarak
kullanilmaktadir (Ozesmi ve Bauer,
2002). Temel prensibi esit deger
belirleme {izerine yogunlasan bu
teknikler farkli bolgelerdeki tiim su
ylizeyleri igin gegerli bir sonug

tiretemeyebilmektedirler. Bu nedenle
daha gecerli ve etkili bir teknik olarak su
ylizeyleri haritalamak igin su indisleri
gelistirilmistir.  Bu  indeks/indisler
multispektral goriintiilerde iki veya
daha fazla band arasinda aritmetik
islemlere dayanmaktadir ve goriintiiniin
su olan ve su olmayan alanlar olarak
ayrilmasma yardim etmektedir. Bu
indislere Ornek olarak Tasseled Cap
Wetness (TCW), Normalize Fark Bitki
Indisi (NDVI), Normalize Su Fark Indisi
(NDWI)  verilebilir  (Crist,  1985;
Domenikiotis vd., 2003; Campbell ve
Wynne, 2011).

Uydu goriintiilerinin islenmesinde su
indeksleri kullarularak arazi Ortiisii
dinamiklerini etkili bir sekilde analiz
edebilir gol
alanlarindaki degisiklikleri izlenebilir
(Ahi ve Eymen, 2021). Bu teknolojiler su
hakkinda degerli

ve zaman iginde

havzasi yonetimi
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ongoriiler saglayarak karar
suregleri icin hem nitel hem de nicel
bilgiler sunmaktadir (Butt vd., 2022).
NDWI ve mNDWI gibi su indeksleri,
Ozellikle su kiitlelerini diger arazi Ortiisii
tirlerinden ayirt etmede etkilidir.
mNDWI gibi su rezerv alanlarmin
belirlenmesinde kullanilan indisler, su

kiitlesinin ayriminda basarili sonuglar

verme

vermektedir (Sabuncu, 2020). Diger
yandan, acik su yiizeylerinin, su
kiitlelerinin ve tagkin alanlarimn

belirlenmesi gibi amaglar icin gelistirilen
NDWI sulak alanlarda yogun bir sekilde
kullanilmaktadir  (Karabulut, 2015).
(2000), sulak alanlarin
hidrolojik baglantisini tahmin etmek igin
NDWI ve mNDWI karsilastirilmis ve
sulak  alan degerlendirmelerinde
Landsat OLI  goriintiilerinden
CBS'den elde edilen bu su indekslerinin
katkis1 gosterilmistir. Bir baska calisma,
sulak

Blackmore

ve

alan haritalamasi
kizilGtesi kisa dalga kizilGtesi
yansimalardan tiiretilen ~NDWI'nin
kullanimini vurgulayarak, multispektral
uzaktan

icin yakin
ve

algilama kullanarak sulak
alanin uzamsal kapsamini ve su altinda
kalan alanin mevsimsel degisimlerini
belirlemeye odaklanmistir (Nhamo vd.,

2017).

NDWI ve mNDWI dahil olmak tizere
birden fazla su indeksinin uygulanmasi,
bu indekslerin nehir havzalarindaki su
kiitlelerini tanimlamadaki etkinliklerini
degerlendirmek
hidrografi c¢aligmalarinda ¢ok Onemli
olmustur (Duplanci¢ Leder vd., 2020).
Ayrica, NDWI ve morfolojik bir golge
indeksini birlegstiren NDWI-MSI adli
yeni bir su indeksi, yiiksek ¢oziiniirliiklii
uydu goriintiilerinden su kiitlelerini

icin karsilastirildig:
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tanimlamak icin gelistirilmis ve kentsel
ortamlar ic¢in su indeksi gelistirmede
yenilik gostermistir (Xie vd., 2016).
Chauhan vd. (2021), sulak alanlardaki su
yaythmmi ve sucul bitki Ortiisiinii
izlemek i¢cin NDWTI'yi kullanmis ve bu
indeksin sulak alan haritalama ve
cevresel degisim icin
kullamighhi§ini gostermigtir. NDWI'nin
diger indekslerle birlikte kullanilmasi,
hidrolojik tespit
haritalamasinda rezervuarlarin
izlenmesinde 6nemli olmustur ve bu
endekslerin sulak alan unsurlarinin elde
edilmesinde ve su miktar1 ve kalitesinin

izleme

degisim
ve

degerlendirilmesindeki 6neminin altiru
¢izmektedir (Rawat vd., 2021).

Klasik hidrojeoloji galismalarmin yamn
sira cografi bilgi sistemlerinin (CBS)
kullanilmasi, kaynaklarinin
kirlenmesine neden olan faktorleri ve
etki alanlarin belirlemede 6nemli bir rol
oynar. Bu yaklasim, noktasal verileri
genis alanlardaki su kalitesini izlemek
icin kullanigli hale getirir (Basibiiyiik
vd., 2020; Tona vd., 2022). Bunun yar
teknoloji alanlarinin
haritalanmas1 ve bu siireglerin takip
basarili  bir  sekilde
(Kaya ve Kaplan,

su

sira su
edilmesinde
kullanilmaktadir
2021).

Bu calismanin amaci, Burdur Golii'niin
su yuizey alani tizerindeki mekansal
farkliliklar1 aragtirmak ve Burdur Golu

Havzasindaki uzun doénem iklim
kayitlarindaki  (1985-2021) egilimleri
analiz ederek gol yiizey alaninin

gelecekteki durumu hakkinda tahminler
yapmaktir. Literatiirde Burdur Goliine
yonelik yapilan arastirmalar, genellikle
sinirh veri setleri veya tek bir yontemle

34

gerceklestirilmistir. Ancak bu g¢alisma
da, Landsat 4-5 ve Landsat 8 uydu
goriintiilerinden elde edilen verilere
dayanilarak NDWI, mNDWI ve WI2015
gibi su indekslerinin  birlikte
kullanilmasiyla farkl yontemler
kargsilagtirmali olarak analiz edilmistir.

Bu baglamda, WI2015 su indeksinin
Burdur Golii 6zelindeki ilk kapsaml
uygulamas1  gerceklestirilmis,  bu
indeksten elde sonuglarin
dogrulugu referans gozlem verileriyle
karsilastirilarak yontemler arasinda en
basarili olan belirlenmistir. Ayrica, uzun
yillik
gelecekteki durumu ile ilgili tahminler
Daha oOnceki calismalar
yalmzca kisa donemli egilimleri veya gol

edilen

veriler  kullanilarak  goliin

yapilmuistir.

cevresindeki belirli parametreleri ele
alirken, bu ¢alisma, uzun donemli iklim
egilimlerini su ylizey alanm
degisimlerini entegre eden kapsamli bir
analiz sunmaktadir.

ve

2. Calisma Alam1

Burdur Galy,
glineybatisinda yer alan Isparta ve

Tiirkiye'nin

Burdur illeri arasinda bulunmaktadir.
Bu gol, tektonik kokenli ve alkali bir
yapiya sahiptir ve suyu tuzludur.
Ayrica, gol cevresindeki sulak alanlar,
bircok farkli kus tiirii i¢in Oonemli bir
yasam alani saglamaktadir.
Havzasimin en diisiik noktasinda yer
alan Burdur Golii, deniz seviyesinden
844.3 metre yiikseklikte bulunmaktadir.
Glineybati Anadolu'da, 29°24" ile 30°53'
dogu boylamlar1 ve 36°53' ile 37°50'
kuzey enlemleri arasinda yer alan bolge,
yaklasik olarak 3264 km?1ik bir alani
kapsamaktadir (Sener ve Sener, 2021).

Burdur
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Goliin glineybatisi ile kuzey = Calisma alaninin havza smirlarnt Sekil
dogusundaki diizliik alanlar ise 850 ile  1'de gosterilmis olup, uydu goriintiisii
1000 metre arasindadir. (Ataol, 2010; ise Sekil 2'de verilmistir.

Yigitbagioglu ve Ugur, 2010).

30°E 35°E 40°E 45°E
Lejant

Burdur Golu
Bilyiik Havzalal

| Burdur Havzasi

Ko peily
Kanyon
Milh Park:

Korkuteli

Sekil 1. Burdur Golii havzasi.

30°4E  30°6'E  30°8'E

Burdur Golii ve c¢evresi, Ramsar  biridir (Yigitbasioglu ve Ugur, 2010;
S6zlesmesi kapsamina alman  Sabuncu, 2020). Bu s6zlesme kapsamina
Tiirkiye'nin 19 6nemli sulak alanindan  alinmasina ve bir¢ok kus tiirii igin
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onemli bir sulak alan olmasina ragmen,
koruma-kullanma dengesinin yiiksek

oranda  bozuldugu ve  bilingsiz
kullanimin ekolojik etkilenmeyi
olumsuz  bir sekilde etkiledigi
goriilmiistiir (Cetin vd., 2013).

3. Veri

Calisma kapsaminda, Burdur

Golii'ndeki arazi degisimlerini 1985 ile
2021 yillar1 arasinda incelemek icin
Amerika Birlesik Devletleri Jeolojik
Aragtirmalar (USGS)
Landsat uydu goriintiilerinden
faydalanilmistir (Landsat, 2024, f)ztag
vd., 2023). Sekil 3'te, 1985 ile 2021 arasi
tarihlerdeki Landsat uydu goriintiileri
ile ilgili bilgiler bulunmaktadir.

Kurumu'nun

30

N
331

27

Goriintii (Adet)
N
(9,28 o

=
o

5,1

Landsat 8

=]

Landsat 4-5
1985-2011 2012-2021
Uydu verisi tirt

Sekil 3. Landsat uydu goriintiilerine ait
bilgiler.

Sekil 3 incelendiginde Landsat 4-5
uydular1 1985 ile 2011 arasinda
kullaruldig1, 2011-2021 aras: igin tercih
edilen goriintiilerin Landsat 8 uydusu
oldugu goriilmektedir. Landsat 4-5'in
kullanim 6miirlerinin dolmas: ve teknik
yetersizliklerin baslamasi nedeniyle
2011 sonrast doénemde bu uydularin
kullanimi1 sona ermistir. Landsat 8, daha
modern bir uydu olarak devreye
alinarak veri devamliligi saglanmistir.
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Veriler o0zellikle bulutluluk oraninin
%10un
dilimlerindeki

alinda  oldugu  zaman
aylarda (Haziran,
Temmuz ve Agustos) elde edilmistir.

Ancak; 2008, 2012 ve 2021 yillar1 i¢in bu

kriterlere uygun verilere
ulasilamamuistir.

4. Yontem

Burdur  Goli'niin  gelecek  yillar

igerisindeki degisimini incelemek i¢gin su

indisleri ve kontrolli smiflandirma

igeren iki farkli yontem kullanilmastir.
Farkl:

41. Su Yiizeylerinin Su

indisleriyle Belirlenmesi

Suyun kendine 0zgii spektral imzasi,
elektromanyetik spektrumun goriiniir
bolgesinde gii¢lii yansima yaparken,
kizilotesi dalga boylarinda yutulma
gerceklestirmesidir. ~ Optik  uzaktan
algilama goriintiilerinden su alanlarinin
¢ikarilmasi icin bircok ydntem suyun
spektral dayali
gelistirilmistir. Basit bir yontem olarak

imzasina olarak
bir su haritasimin {iiretilmesi igin tek bir
kizil6tesi band goriintiisiinde yogunluk
ayrimi yapilabilmektedir (Frazier and
Page, 2000).

Bu calismada kullanilan su indislerinden
NDW], yesil ve yakin kizilotesi bandlar1
farklarinin toplamlarinin
oranlanmasiyla hesaplanmaktadir
(McFeeters, 1996). Kisa dalga kizilotesi
bolgesinin su Ozelliklerini daha 1iyi
yansitmasi,

ve

sonraki yillarda indis
formiiliinde yakin kizil6tesi bant yerine
kisa dalga kizilotesi bandm tercih
edilmesine yol agmustir. Gelistirilen bu

indis mNDWI olarak isimlendirilmistir
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(Xu, 2006).
sinirlamalardan

mNDWI  indisine
biri  kar
yiizeylerini birbirinden ayiramamasidir
(Huang vd., 2018). Asagida bu indislere
ait bant denklemleri yer almaktadir.
NDWI= (Yesil — Yakin kizilotesi)/

ait

ve su

(Yesil + Yakin kizilotesi) (1)
mNDWI  =(Yesil-Kisa  dalga
kizilotesi) / (Yesil + Kisa dalga (2)

kizil6tesi)

Su indisleri kullaniminda kara-su ayrim1
icin esik degerin belirlenmesi dnemlidir.
Cogunlukla bu indislerde 0 {izeri
degerler bulunan
belirtmektedir. Fakat yakin bolgelerde
farkli su kiitlesinin askida kati madde
icerigi, alg igerigi, derinligi
bulaniklig1 gibi 6zellikleri esik degerinin
secilmesinde her su kiitlesine 6zgii esik

su alanlar:

ve

deger belirlenmesini
gerektirebilmektedir. Goriliniir, yakin
kizilotesi ve kisa dalga kizilotesi

bandlarindaki yiizey yansimalarindan
dogrusal diskriminant
kullanarak WI2015 (Su
Indis)’i gelistirilmis ve diger bazi mevcut
su indisleriyle kabaca egit verimlilige
sahip oldugu belirtilmektedir (Fisher
vd., 2016; Huang vd., 2018).

analizi
indisi-Water

WI2015=1,7204+171*Yesil+3*Kir
miz1-70*Yakin kizil6tesi—45*Kisa
dalga kizilotesil-71*Kisa dalga
kiz1l6tesi2

€))

Bu calismada gol ylizey alanlarmin
tespitinde NDWI, mNDWI ve WI2015 su
indisleri kullanilmigtir.
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4.2. Kontrollii Siniflandirma

Goriinti  smiflamanin  en  Snemli
asamalarindan birisi 6zellik uzayindaki
boliimlemedir. Kontrollii smiflamada,
Ozellik uzaymndaki simiflarin  ayrim
islemi kullanic1 tarafindan yapilir. Arazi
calismalar1 ile dogrudan
toplanamadigt durumlarda ise harita
veya diger kaynaklar {izerinden yeryiizii
nesneleri hakkinda elde edinilen veriler
kullanularak analiz gergeklestirilir (Tona,
2016).

spektral
tanimlar. simiflamada,
analizcinin c¢alistigi sahayr Onceden
bildigi varsayilir. Dolayisiyla analizci,

veri

Kullanict alistirma kisminda

Ozelliklerine gore smiflar

Kontrollii

smiflarin nerelerde yayilis gosterdigini
bilmesi gereklidir. Secilen kiimelerin

belirlenen smiflar1 iyi tanimlamast
gerekmektedir. Siniflar icin belirlenen
kiimeler, oOzellik wuzaymnda kismen
cakigsmalidir (Giilgin, 2018).

4.3. Gelecek Tahmini

Basit dogrusal regresyon modeli,

yalnizca bir bagimsiz degisken ile
bagimli degisken arasinda dogrusal
(lineer) bir iliski bulundugunda, bu
iligkiyi kullanarak bagimli degiskenin
tahmin edilmesi igin kullanilan bir
yontemdir. Basit dogrusal regresyonun
denklemi asagida verilmistir (Yagbasan
vd., 2020).

y=a-+bx 4)
Burada; y: bagimlh degisken, x: bagimsiz
degisken, b regresyon
katsayilarini ifade eder. x ve y degerleri
bir
noktalandiginda noktalar bir dogru

a ve ise

koordinat sisteminde
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etrafinda yayiliyorsa bu degiskenler
arasinda dogrusal bir iligkinin var
oldugu diistiniiliir (Sekil 4).

" 4

..-72;@ e
|

Sekil 4. Degiskenler arasindaki iligki.

Ikinci asamada ise elde edilen regresyon
denklemi igine x degiskeni olan yil
bilgileri girilerek lineer iligkideki gol
seviyeleri tahmin edilmigtir. Seviyenin
sifirm altna diistiii bolgede ise
enterpolasyon yapilarak tahmini gol
ylizeyinin kuruma yili belirlenmistir.

5. Bulgular

Bu ¢alismada, Burdur Golii'ndeki yiizey
alanindaki degisimleri incelemek igin
toplam 36 adet Landsat 4, 5 ve 8 uydu
gorintiisii kullanilmistir. Bu goriintiiler,
golii tamamen c¢evreleyecek bicimde
saglanmis olup, herhangi bir 6n isleme

ya da birlestirme yapilmamustir. Sekil 5-
8 arasinda Burdur Goliiniin 1985-2021
yillar1 arasinda zamana gore alan
degisim grafikleri verilmistir. Bu sekiller
arasindaki farkliliklar kontrolllii
siniflandirma o6rneklem verilerine ve
bant kombinasyonlarina (Denklem 1-3)
gore degismektedir.

Sekil 5-8 incelendiginde gol ylizey
alanindaki azalma 81.7 km? ile (WI2015)
92.3 km2 (NDWI) arasindadir. Sekillerde
yer alan determinasyon kat sayis1 (R?)
degerinin 1’e en yakin oldugu grafikler
azalan yonde bir egilimin dogrusal
olarak gittigini gostermektedir. Bu
kapsamda azalan dogrusal iliski en
yliksek mertebe ile WI2015 yonteminde
goriilmektedir., en az dogrusal iliskiyi
ise kontrollii smiflandirma yontemine
ait grafikte goriilmektedir (Sekil 8). Bu
dogrusal gosterge denklem
uygunlugunun bir gostergesi olup gol
ylizey alammin matematiksel olarak
ifade edilebilirligini gostermektedir.

—o—NDWI

250.0

200.0

E 150.0
=
Z 100.0
z A
50.0
0.0
wvi I~ O o — o0 own >~ o
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y = -2.5269x + 218.07
R?=0.9595

e

— N v~ O~
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Sekil 5. Burdur Golit NDWI verilerine gore alanlar.
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Sekil 6. Burdur Golit mNDWI verilerine gore alanlar.
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Sekil 7. Burdur Golii WI2015 verilerine gore alanlar.
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—5—KONTROLLU SINIFLANDIRMA
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Sekil 8. Burdur Golii kontrollii siniflandirma verilerine gore alanlar.

Calismada oOzellikle dogrusal iligki
denklemlerinin  avantaji ~ dogrusal
olmayan  polinom  ve  dereceli

denklemlerde azalan egilimin bir anda
dogrusal olmayan denklem yapisina
gore azalmayacagl yoniinden tahminler
vermesidir. Bu da matematiksel olarak
kabul edilse de bolgedeki gecmis
verilere dayali egilim gbz Oniine
alindiginda kabul edilebilirligi oldukga
diisiiktiir. Bu nedenle sadece egilimi
yiiksek determinasyon katsayisi ile
veren dogrusal denklemler ile gelecek
tahmini gerceklestirilmistir.

Gol  yiizey alam  degisimlerinin
incelenmesinden sonra gelecek yillarda
degisimini ve tahmini olarak regresyon
denklemlerinin ~ zaman  ekseninde
uzatilmasi sonucu elde edilmistir (Sekil
9-12).

Sekil 9’da, Burdur Goli'ntin NDWI
verilerine gore 2070 yilinda kuruyacagi
tahmin edilmektedir.
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Sekil 10’da, Burdur Golii'niin mNDWI
verilerine gore 2074 yilinda kuruyacagi
tahmin edilmektedir.

Sekil 11'de, Burdur Goli'niin WI2015
verilerine gore 2077 yilinda kuruyacagi
tahmin edilmektedir.

Sekil 12’de, Burdur Golii'nin kontrollii
gore 2075
yilinda kuruyacagi tahmin edilmektedir.
Bu tahminler igin ayrica tistel, logaritmik
ve polinomal fonsiyonlar
fakat gol ylizey alanlarinda azalan
egilime uymayan artislar veya daha
diisitk determinasyon Kkatsayilarinin
tespiti nedeniyle sadece indislere ve
kontrollii smiflandirmaya ait dogrusal
sonuglar1  karsilagtirilmistir.
Elde edilen bulgular ayrica Devlet Su
Isleri (DSI) verileriyle (g&l yiizey alani
km?) karsilagtirilmigtir (Pinarlik, 2023).
Bu veriler referans verisi olarak bu
calismada kabul edilmistir. Burdur Goli
ylizey alanmin degisim grafigine ait
karsilastirma Sekil 13'te yer almaktadur.

simiflandirma  verilerine

denenmis

denklem
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Sekil 9. NDWI gelecek yil dogrusal regresyon tahmini.
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Sekil 10. mNDWI gelecek y1l dogrusal regresyon tahmini.
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Sekil 11. WI2015 gelecek y1l dogrusal regresyon tahmini.
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Sekil 12. Kontrollii Smiflandirma gelecek yil dogrusal regresyon tahmini.
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Sekil 13. Sonuglarin karsilastirilmasi.
Sekil 13 incelendiginde, 1975-2020  verileriyle en giiglii iliskiye sahip
yillarma ait gol yiizey alani degisimini  oldugunu  gostermektedir. ~ WI2015
karsilastirmali olarak gostermektedir.  yontemi, 0.9923'1iik korelasyon

Calismada oncelikle

yontem/indis ile DSI verileri arasindaki

yontemler,

korelasyon katsayilar1 karsilastirilarak
degerlendirilmistir. Farkli alan elde etme
yontemlerinin DSI verileriyle uyumunu
ifade eden korelasyon katsayilarini
gostermektedir. En yiiksek korelasyon
katsayis1 0.9946 ile mNDWI yontemi
tarafindan elde edilmistir, bu da DSI
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katsayistyla mNDWI'1 takip etmekte ve
oldukga yiiksek bir uyum sunmaktadir.
Kontrollii Smiflandirma yontemi ise

0.99111ik  korelasyon  katsayisiyla
tglincli sirada yer alirken, NDWI
yontemi 0.9614'1ik degeriyle diger

yontemlere gore daha diisiik bir uyum
gostermektedir. Genel olarak
yontemler, DSI verileriyle yiiksek bir

tim
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iliski sergilemektedir, ancak en iyi
performans mNDWI yontemi ile
saglanmigtir. YOontemlere ait hata

kriterlerinin karsilagtirilmasi Tablo 1'de
yer almaktadir.

Tablo 1. Yontemlere ait hata kriterlerinin karsilagtirilmasi.

Kriter/yontem NDWI mMNDWI WI2015 Kontrollu
Siniflandirma

OMH 6.8971 13.1953 7.0554 19.6581
GOMH 4.2386 7.7471 41711 11.415
KOKH 9.0367 13.4788 7.7147 19.9152

Calismada farkli alan elde etme 4. Tartisma

yontemlerinin hata metrikleri

incelenmis ve sonuglar  Calismanin temel bulgusu Burdur gol

karsilastirilmistir. NDWI yontemi, tiim
hata metriklerinde diigiik degerlere
sahip olup, ozellikle Goreceli Ortalama
Mutlak Hata (GOMH) degeri 4.2386 ile
en iyi performansi gostermistir. mNDWI
yontemi ise Ortalama Mutlak Hata
(OMH) ve Kok Ortalama Kare Hatasi
(KOKH) degerlerinde sirasiyla 13.1953
ve 13.4788 ile yiiksek hata oranlarina
sahiptir, bu da yontemin dogrulugunun
digerlerine kiyasla diisiik oldugunu
gostermektedir. WI2015 yontemi, OMH
(7.0554) ve GOMH (4.1711) gibi diisiik
hata degerleriyle dikkat c¢ekerek
gluvenilir  bir yontem  oldugunu
kanitlamaktadir. Buna karsin, Kontrollii
Smiflandirma  yontemi, tiim hata
metriklerinde en yiiksek degerlere
ulasmis (OMH: 19.6581, GOMH: 11.415,
KOKH: 19.9152) ve dogruluk agisindan
diger daha dusiik
performans gostermistir. Genel olarak,
NDWI ve WI2015 yontemleri daha
diisiik hata oranlariyla 6ne ¢ikarken,
mNDWI ve Kontrollii Smiflandirma
yontemleri daha az gilivenilir sonuglar
uretmistir.

yontemlerden

43

ylizey alaninin zaman igerisinde 6nemli
olgiide azalma gostermesidir. Bu durum
calismada kullanilan tiim yontemlerde
ve calismalarinda
goriilmektedir. Ornegin; Oguz ve
Tugluer (2022), Burdur Golii'niin son 50
yilda %44 oraninda yiizey alani kaybina
ugradigini belirtirken, Alevkayali vd.
(2023) ise goliin Oniimiizdeki 10 yil
icinde 17 km? daha daralacagim
ongormistiir. Peker vd. (2023) ve
Pmarlik vd. (2023) tarafindan yapilan
analizler de gl yiizey alanindaki azalma
egilimini dogrulamaktadir. Bu bulgular,
calismamizda elde edilen 92.3 km?ye
kadar ulasan (1985-2021) yiizey alani
azalmasiyla olup,
ylizey  alanindaki
kayiplarin stirdiigiinii gostermektedir.

Kontrollii siniflandirmada siniflandirma

literatiir

uyumlu Burdur

Golii'niun su

performansi yontemi kullanan
arastirmacinin tecriibesine bagli oldugu
icin dez avantajli ve goreceli iken
uygulama agisindan index yontemlerine
gore daha pratiktir. Indis yontemleri
kendi aralarinda karsilastirildiginda
NDWI ve mNDWI yéntemleri 2 bant

kullanirken WI2015 yontemi 5 bant
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kullanmaktadir. Bu agindan NDWI ve

mNDWI yontemleri uygulama
agisindan pratikken, WI2015 yontemi
daha zaman alicc ve diger bant

algilayialarn mevcudiyeti nedeniyle
maliyetlidir. Maliyet ve zaman ikinci
plana atilip, calismadaki performans
kriterleri bir biitiin olarak
degerlendirildiginde WI2015 indeksinin
daha bagarili oldugu ve goliin yaklagik
olarak  2070-2080 yillar1 arasinda
kuruyabilecegini
ongormektedir. Golin kurumasi, bu
bolgenin su kaynaklarmin kullanim

agisindan biiyiik problem olusturabilir

tamamen

ve bu durumda ekonomik ve gevresel
sorunlara sebep olabilir. Bu nedenle,
iklim degisikligi ile miicadele onlemleri
su kaynaklarmin stirdiiriilebilir
yonetimi bu bolgede oncelikli olarak
dikkate alinmasi gereken konulardan
olmalidir. Bu degerlendirmeler, Burdur
Golii'niin baslangicta su kuslar1 olmak
tizere endemik bitki ve balik tiirlerine ev
sahipligi yapan canli popiilasyonunda
azalmaya yol agabilecegini
gostermektedir. GOl  seviyesindeki
degisimlerin yalmzca ekolojik degil,
ayn1 zamanda sosyal ve ekonomik
etkiler beklenmektedir.
Tarimsal verimliligin azalmasi, artan
yeralt: suyu kullanim talebiyle birlikte
yeralti suyu
ylikselmesi gibi sorunlar da ortaya
¢ikabilir.

ve

yaratmasi

cekim  maliyetlerinin

5. Sonuglar

Bu calismada, 1985-2021 yillar1 arasina
uydu goriintiileri

Burdur Goli'niin su
gerceklesen degisimlerin tespit edilmesi
amaclanmistir. WI2015, NDWI, mNDWI

ait kullanilarak

alaninda
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gibi indeks teknikleri kullanilarak,
kontrollii smiflandirma yontemleri ve
elde edilen sonuglar, kontrol verileriyle
kargilagtirilarak dogruluk
degerlendirmesi yapilmig
yontemlerin performans: detayl bir
sekilde analiz edilmistir. Ayrica, gol
seviyesinin gelecekteki degisimlerini
tahmin etmek igin regresyon modelleri
kullanilmigtir. Burdur Golii'niin su alam
1985 yilindan 2021 yilina kadar biiyiik
Olclide azaldig belirlenmistir. Yapilan
dogrusal regresyon grafiklerinde 2070-

ve

2080 arasinda kuruyacagi tahmin
edilmektedir.

Caligmada  yontemler hem  DSI
verileriyle, korelasyon katsayilar1 hem
de hata metrikleri agisindan
karsilagtirilmistr. Korelasyon

katsayilarina gore, mNDWI yontemi,
0.9946 ile en yiiksek uyumu gostermis ve
en basarili yontem olarak 6ne ¢ikmustir.
Ancak hata metriklerine bakildiginda,
mNDWI'nin 6zellikle OMH: 13.1953 ve
KOKH: 134788 agisindan yiiksek
degerlere sahip oldugu goriilmektedir,
bu da hata diizeyinin diger yontemlere
gore daha yiiksek
gostermektedir.

oldugunu

Hata metriklerinde en diisiik degerlere
sahip yontemler ise NDWI ve WI2015
olmustur. NDWI, 6zellikle GOMH:
4.2386 ile 6ne ¢ikarken, WI2015 yontemi
de diistik hata degerleri ve 0.9923'liik
yiiksek korelasyon katsayisiyla
glvenilir bir alternatif olarak dikkat
cekmektedir.
yontemi ise hem yiiksek hata degerleri
hem de nispeten daha diisiik korelasyon
katsayisiyla diger yontemlere gore daha

Kontrolli Siiflandirma

az bagarili bulunmustur.
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Bu ¢alismanin sinirlari, gelecege yonelik
dogrusal regresyon
dayanmasi,  indislerin
basarisinin referans verileri ile elde
edilen hata kriterleri ve korelasyon

tahminlerin
yontemine

katsay1s1 temel almarak
degerlendirilmesi ve Landsat uydu
goriintiilerinin kullanilmasryla
belirlenmistir.

Sonug olarak, yontemlerin basar1 diizeyi
veri amacina bagh olarak
degismektedir. Eger vyiiksek uyum
(korelasyon) oncelikli bir kriter ise,
mNDWI yontemi tercih edilebilir. Ancak
hata oranlarmin diisitk olmasi daha
NDWI WI2015
yontemleri daha giivenilir segenekler
¢ikmaktadir.  Genel
hem  korelasyon
katsayis1 hem de hata metrikleri
agisindan  dengeli  bir  performans
sergileyen WI2015 yontemi en basarili
yontem olarak degerlendirilebilir.

analizi

onemliyse, veya

olarak One

degerlendirmede

Etik Standartlar Bildirgesi

Yazarlar tiim etik standartlara uyduklarini beyan
ederler.

Yazarlik Katki Beyan1
Yazar 1: Uygulama, makale yazimi, sonuglarin
yorumlanmasi.
Makale
yorumlanmasi ve revizyon.
Kurgu, Makale Yazimi.

Literatiir arastirmasi,
yorumlanmasi.

Yazar 2: yazimi, sonuglarmn
Yazar 3:

Yazar 4: sonuglarin

Cikar Catismasi Beyam

Calismada herhangi bir ¢ikar ¢atismasi mevcut
degildir.
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Abstract

The parameters planned for construction projects to be realized in the construction
industry are sensitive to cost estimation errors. Developed countries have increased
the performance of contractor firms by making the use of BIM technology mandatory
to meet the increasing requirements of the construction industry. However,
traditional approaches, still used in many countries, are prone to error. This study
aims to develop 3D to 5D BIM models for an incubation center project in Tiirkiye,
where BIM technology is not yet mandatory and no official standards have been
published. The composite project structure consists of reinforced concrete & steel
structural systems. The project has been procured within the scope of Turkish Public
Procurement Law. Autodesk Revit and Tekla Structures were used for 3D modeling.
The 3D-BIM model at the LOD 400 level was obtained. The obtained quantity data
were then processed on the work program, prepared in Primavera P6, and a time and
cost schedule were prepared for 52 production items. The 5D-BIM cost simulation
was designed via Autodesk Navisworks Manage. The results indicate that the
construction cost estimations, which can be obtained by using the 5D-BIM method
and financial risk management methodology together, will be beneficial for the tender
stakeholders.

Keywords: Composite Structural Systems, Building Information Modeling, 5D-BIM, LOD
400
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Kompozit Yapisal Sistemler i¢cin BIM Siireclerinin
Gelistirilmesi: Tiirkiye'deki Bir Kulucka Merkezi Ornegi

Oz

Ingaat sektériinde planlanan parametreler, maliyet tahmin hatalarina karsi hassastir.
Gelismis iilkeler, insaat sektoriiniin artan gereksinimlerini karsilamak icin Yap: Bilgi
Modellemesi (YBM) teknolojisinin kullanimini zorunlu hale getirerek yiiklenici
firmalarin basarisin1 artirmistir. Ancak, bir¢ok iilkede hala kullanilan geleneksel
yaklasimlar hataya agiktir. Bu calisma, Tiirkiye'den bir kulucka merkezi projesi
tizerinde 3B'den 5B'ye BIM modelleri olusturmay: amaglamaktadir. Tiirkiye heniiz
BIM teknolojisini zorunlu hale getirmemistir ve yayinlanmis bir standart
bulunmamaktadir. Kompozit proje yapisi betonarme ve gelik yapisal sistemlerden
olusmaktadir. Proje, Tiirk Kamu Thale Kanunu kapsaminda ihale edilmistir. 3D
modelleme i¢in Autodesk Revit ve Tekla Structures kullanilmigtir. LOD 400
seviyesinde 3D-BIM modeli olusturulmustur. Elde edilen metraj verileri daha sonra
Primavera P6'da hazirlanan is programina islenmis ve 52 imalat kalemi i¢in zaman ve
maliyet cizelgesi hazirlanmistir. 5D-BIM maliyet simiilasyonu Autodesk Navisworks
Manage araciligiyla tasarlanmigtir. Sonuglar, 5D-BIM yontemi ve finansal risk
yonetimi metodolojisinin birlikte kullanilmasiyla elde edilebilecek insaat maliyet
tahminlerinin ihale paydaslar1 i¢in 6nemli avantajlar sagladigini gostermektedir.

Anahtar kelimeler: Kompozit Yap: Sistemleri, Yap: Bilgi Modellemesi, 5B-YBM, LOD 400
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1. Introduction

Due to poor performance, construction
projects are vulnerable to errors and face
challenges such as inaccurate quantity
take-offs, delays in completion, cost
overruns, and inefficient energy use
(Aibinu & Venkatesh, 2014; Bayram &
Al-Jibouri, 2018; Crowther & Ajayi, 2021;
Magsoom, Aslam, Ismail, Thaheem,
Ullah, Zahoor, & Vatin, 2021). The
requirements that arise due to the
rapidly developing and changing
technology affect construction and other
industries (Kahraman, 2022). According
to a study, the global output of the
construction industry is projected to
increase by 42%, reaching $15.2 trillion
between 2020 and 2030 (Oxford
Economics, 2021). The growing share of
the construction industry in the global
economy causes increasing competitive
conditions, forcing the firms to explore
all possible options within the
framework of increasing product &
service quality. This growing demand
fosters digitalization in the sector, giving
rise to the concept of Construction 4.0,
which promotes
quality,
(Chen, Huang, Liu, Osmani, & Demian,
2022).” Various studies have shown that
a highly sophisticated digital process
increases the quality of important factors
such as design freedom and productivity
in the construction industry (Zareiyan &
Khoshnevis, 2017).

faster production,

higher and cost-efficiency

In recent years, modern and innovative
technologies have emerged in the field of
construction project management, which
is vital for the development of either
public or private industry. Among these
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technologies, Building Information
Modeling (BIM) has revolutionized the
Architecture, Engineering, and
Construction (AEC) industry by offering
a comprehensive and integrated
approach. The highest contribution of
this approach to the global construction
industry ensures faster adoption of the
system (Emara, 2022). BIM extends
beyond conventional 3D design systems
to include additional dimensions such as
time (4D), cost (5D), environmental
impact (6D), and maintenance (7D)
(Fabrega Ferrer, 2022). Through case
studies, researchers and industry
professionals have highlighted the
following advantages of using BIM
(Hong, Hammad, & Nezhad, 2022): the
removal of project collision risks
(Bensalah, Elouadi, & Mharzi, 2019),
improved reuse of design information
throughout a project (Almuntaser,
Sanni-Anibire, & Hassanain, 2018), and
increased prefabrication engagement
(Jang & Lee, 2018).

BIM usage is increasing rapidly around
the world, and the 10th National BIM
Report, prepared by the UK-based
National Building Specification (NBS)
with the participation of more than 1,000
industry representatives, includes the
following important findings (NBS,
2020):

BIM adoption increased from
43% in 2011 to 73% in 2020.

In the last 10 years, the view that
BIM is only a 3D drawing tool

has disappeared and other
dimensions of BIM have started
to be applied.
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e The participants agree that
digital transformation  will
continue to change the
milestones of the construction
industry.

The two main obstacles to the
BIM system are seen as; (i) The
customer demand is not
sufficient, and (ii) The non-
suitability of BIM for relatively
small structures.

Developed countries have enhanced
contractor performance by mandating
the use of BIM technology to meet the
evolving demands of the construction
sector. A study performed by Ullah et al.
(2019) emphasized that the adoption rate
of BIM increased to 79% in the USA, 78%
in Denmark and Canada, and 74% in the
UK (Ullah, Lill, & Witt, 2019). The
rapidly increasing use of BIM in
developed countries, unfortunately, is
not reflected in developing countries at
the The
approaches, still used in many countries,
are prone to error. However, the
construction which  is
considered the locomotive in developing

same rate. traditional

industry,

countries, requires the aforementioned
advantages of BIM much more.

In Tiirkiye, a developing country, the

construction sector remains active
through credit support and government
incentives, even during periods of
economic instability. In terms of gross
domestic ~ product (GDP), the
construction industry in Turkiye has a
considerable impact on the country's
economy —approximately 30% (Elmal,

& Bayram, 2022).
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The  acceleration in  industrial
requirements and the constructional
frontier
research trends within the scope of BIM.
In this context, the literature review is
presented below for different BIM

dimensions.

revolutions have created

Lin (2014) proposed a “Construction
BIM-based Knowledge Management”
(CBIMKM) system tailored for general
contractors. The system was applied to a
building project in Taiwan. The findings
indicated that by employing the BIM
technique and web technologies, the
CBIMKM system can be used as a visual
3D-based knowledge management
platform (Lin, 2014). Aibinu and
Venkatesh (2014) conducted a survey
involving 180 Australian construction
firms to evaluate their experiences with
3D-BIM applications. It was found that
BIM features are not commonly used by
firms due to some problems, such as
concerns about the integrity of 3D
models provided by designers and/or
incomplete information in models.
Akponeware and Adamu (2017) aimed
to identify the causes of clashes in BIM-
based coordination systems to achieve
clash avoidance for BIM in the UK.
Isolated working; involving mechanical,
electrical, and plumbing (MEP) 3D-BIM
systems was found as the primary
Bayram (2020) sought to
compare two commonly used BIM-
based software tools. The quantity data
was obtained using traditional methods.
It stated that the quantities
determined using the BIM-based
software are obtained much faster and
more practical than the traditional
method, and the accuracy rate is quite

reasomn.

was
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high. Akhmetzhanova, Nadeem,
Hossain, and Kim (2022) pointed out
that processes detecting
resolving clashes with BIM
attempting to advance concurrently in
the Kazakhstan BIM environment.

for and

are

Gledson (2016)
attempted to determine how contracting
firms in the UK had modified their
current

and Greenwood

construction planning
procedures by utilizing 4D-BIM to
enhance project delivery and timeliness.
A  survey was applied to 136
professionals. The study included
information on the perceived value of
4D-BIM, the scope of its application, and
the planning components that served as
its primary targets. Jupp (2017) utilized
workflows to integrate 4D modeling and
analysis technology and created a
customized framework for
environmental planning and
management. Scheduling & simulation,
modeling of environmental equipment,
modeling of construction site layout,
modeling & visualization of
environmental impact significance, and
rule-checking capacity were all listed as
five functional prerequisites. Crowther
and Ajayi (2021) investigated the
impacts of 4D-BIM on construction
projects. A survey study was conducted

and three topics, namely project
reliability, project monitoring, and
project diagnosis were discussed.

Rashidi, Yong, Maxwell, and Fang (2022)
aimed to unearth novel experimental
findings by combining 4D-BIM and
virtual reality (VR) technologies during
construction planning among
construction professionals at light steel
frame (LSF) projects. Except for the
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variable of ‘project schedule and
sequencing’, all the considered variables
showed significantly positive

differences.

Xu (2017) created a 3D model of a
building and performed a construction
simulation and overlap analysis. It was
stated that the 5D-BIM methodology
increases the quality of construction,
reduces costs, and contributes to green
building technology. Arif and Khan
(2020) investigated a Business
Incubation Centre as a case study,
however, its application was limited to
block masonry, slab-level concreting,
concreting. The
study presents a broader
perspective on different dimensions of
BIM for these types of projects, i.e. 81
production activities were considered.
Aragd, Hernando, Saez, and Bertran
(2021) aimed to define the new
processes, roles, and skills required by
the quantity of information obtained
through 5D-BIM models. They stated
that the quality of the quantity take-offs
has been increased by creating a 5D-BIM
model of four different construction

and column-level

current

projects. Ranjbar, Ansari, Taherkhani,
and Hosseini (2021) aimed to present a
new cash flow methodology to the
construction industry by using the 5D-
BIM. Because of their study on a sample
project, they determined that the
contractor firms developed the decision-
making mechanism by estimating the
possible cash flow process while
managing the construction projects.
Magsoom et al. (2021) developed a RwH
assessment system in Pakistan through
BIM. It was found that the chosen sites
can capture anywhere between 48
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L/person/day and 56 L/person/day of
rainwater annually. Uddin, Wei, Chi, Nj,
and Elumalai (2021) examined BIM
implementation for
assessment by taking into account the
accessibility of local building supplies.
The results demonstrated significant

green building

energy savings for buildings as well as a
significant decrease in embodied energy
and carbon footprint when local
building materials are used. Changsaar,
Abidin, Khoso, Luenhui, Yaoli, and
(2022) the
possible advantages of incorporating
BIM into the energy performance (EP)
analysis of a building. Autodesk Revit
was used to create the 3D-BIM model
and EP analysis and simulations were
performed via Autodesk Green Building
Studio (GBS). This study concludes that
including BIM in EP analysis enhances

Hunchuen investigated

the accuracy of all EP measurements.

More recently, Oz, Cevikbas, and Ocal
(2023) purposed to identify the
significance of 4D-BIM elements in the
construction sector and define them.
Sixteen 4D-BIM features were identified,
which were crucial for project planning.
Akbay, Okten, and Ustiiner (2023)
mentioned that the Turkish construction
industry has still not achieved the
expected digitalization, and the sector's
involvement in digital transformation
will provide a competitive advantage.
Bozkurt, Ersoy, and Yasa (2024)
emphasized that Turkiye is still not
adapted to BIM-VR technology, as
evidenced by the fact that the majority of
studies on BIM-VR integration are from
other nations. Hussain, Moehler, and
Walsh (2024) integrated the 5D-BIM into
mega rail projects. Inzerillo, Acuto,
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Pisciotta, and Di Mino
(2024) performed a time-cost analysis in
terms of 4D BIM and 5D-BIM for a
railway  station. = Alothman and
Vilventhan (2025) implemented BIM in
metro rail projects, to convert the
traditional project delivery process into
a digital project
(DPDP).

Mantalovas,

delivery process

The literature review indicates that the
studies related to 3D-BIM focus on
design integrity like quantity take-off,
clash detection, etc. 4D-BIM studies
involve the potential impacts and project
delivery as well as flawless scheduling.
Finally, 5D-BIM
improve the quality of the quantity take-
offs and the construction, as well as cost
and risk reduction.

studies efforts to

Technoparks emerged and expanded as
fresh economic engines that put science
into action (Dilrabo, 2022). Research
centers, such as enterprise support
centers, technology commercialization
centers, and incubation centers, play a
part in fostering government, business,
and academic collaboration (Lee, Lee, &
Oh, 2017).
designed to assist and support start-ups
and spin-offs, which inevitably energize
nearby companies and industries (Sung,
& Kim. 1998). No effort has been
observed for the construction process of
incubation center buildings in the
literature, which is of great importance
for Technoparks.

Incubation centers are

The goal of this study is to develop a 3D
to 5D-BIM process for a completed
incubation center project from Erciyes
Technopark. The technopark's activities
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add to the region's scientific and/or
technical culture, provide employment,
and add value (Dilrabo, 2022). There are
73 Technology Development Zones
actively working in Turkiye, as of June
2024. The selected incubation center is
located within the borders of the
Technology Development Zone of
Erciyes University (ERU-TDZ) in
Kayseri province, located in the Central
Anatolia region. BIM technology is not
yet mandatory in Turkiye, and there is
no published BIM standard. Therefore,
there is no path to follow for project
managers yet. Another importance of
this study is that previous studies
generally considered singular reinforced
concrete or steel structural systems. This
study considers both and presents BIM
processes for a composite structural
system.

2. Material & Method

This study focuses on an incubation
center project located in the Erciyes
University Technology Development
Zone (ERU-TDZ) as shown in Figure 1.
The total area of ERU-TDZ is 156,382
square meters. The employer of the
incubation center project is Erciyes
Technopark.

Figure 1. Incubation Center Building,
Technology Development Zone,
Erciyes University.

The incubation center building,
designed to support firms in conducting
and development (R&D)
activities, has a ground floor area of 800
m? and a total construction area of 2000
m?2.  The building consists of eight
workshops, one shelter, one generator
room, one hydrophore room, and one
outbuilding. Each workshop was
designed to have a ground floor area of
100 m? and a mezzanine floor area of 50
m?2. Each workshop consists of one office,
one kitchen, one toilet, one disabled
toilet, one warehouse, and one
production area. The structural system
of the foundation and basement floor of
the building were designed as reinforced
concrete, and the ground and mezzanine
floor designed as  steel
construction. The 2D architectural floor
plans of the building are presented in
Figure 2.

research

were

The case-construction project of this
study has been procured within the
scope of the Turkish Public Procurement
Law, no 4734. Designers utilize
technology (like Revit, for example) as
part of the BIM process to produce
various building models (Uddin et al.,
2021). The 3D modeling of the composite
structure was carried out using
Autodesk Revit and Tekla Structures.
The 4D and the 5D models can be
simulated;  this helps
investors optimize time and budget by
improving constructability based on
time and cost (Cheng, Tan, Song, Liu,
and Wang, 2017). The obtained quantity
data from the 3D-BIM model of the
project were then processed on the
construction schedule, prepared in
Primavera P6 software, and a time and

simulation
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cost schedule was prepared. The 5D-BIM
cost simulation was designed via
Autodesk Navisworks Manage 2020
software, which allows it to combine the
3D model. A flowchart has been
provided in Figure 3 to visualize the
application process of this study.
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Ground

Figure 2. Basement,
Mezzanine Floor Plans.
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Collection of the 2 Project

3D-BIM: Reinforced Concrete Structural System Definition |
via Autodesk Revit

3D-BIM: Steel Structural System Definition via Tekla
Structures

3D-BIM: Fine Construction Definition via Autodesk Revit

4D-BIM: Schedule Definition via Primavera P6

SD-BIM: Cost Definition via Primavera P6.

I 4D-BIM and SD-BIM Simulation via Autodesk Navisworks |
Manage
Figure 3. Workflow of the Application
Process.

3. Case Study

Quantity take-offs were derived from a
3D-BIM model developed based on the
original 2D architectural drawings of the
The structural
modeling was performed via both
Autodesk Revit and Tekla Structures
software, and a guide was created on the
use of Industry Foundation Class (IFC),
a common data management system of
BIM. The 3D-BIM model of the
Incubation Center Building was created
following the 11 steps below.

incubation  center.

e A building
selected on Revit that allows
architectural and static models
to be considered together.
General settings; e.g. unit of
measurement, display settings,
etc. were adjusted.

Elevation lines axles,
representing floor heights were
drawn under the project.
Reinforced concrete
elements;

template  was

and

construction
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foundation, column, beam,
floor, and stair were modeled.
Reinforced concrete
reinforcements were modeled.
The Dbasement floor was
modeled in detail, including

both wall elements and interior

finishes.
e Ground and mezzanine steel
structural systems were

modeled via Tekla Structures.
The composite structural system
of the mezzanine floor was
modeled.

The fine works of the ground
and mezzanine floors were

modeled.
e The sandwich panels of the roof
and the facade, composite

coatings, and other productions
were modeled.
arrangements
performed on the model by
creating the building's
environmental topography.

Final were

Continuous foundations were designed
in three sizes: 100x80 cm, 80x80 cm, and
30x50 cm. C16/20 was used for lean
concrete, while C25/30 was selected for
the Afterward,
reinforced concrete column (60x60 cm),
beam (60x60 cm), floor (d=20 cm), and
stair elements were modeled under the
frame structural system of the 2D static
project. Reinforcement models have
been created at the LOD 400 level,
considering features such as diameter,
length, overlap length, stirrup spacing,
and miter as shown in Figure 4.

structural elements.
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Figure 4. Reinforced Concrete Structural
System and Column & Beam
Reinforcement Modeling.

Fill material were designed to cover the
exterior facades of the basement floor,
and the exterior walls that will bear the
load of this material were designed as
stone walls (50 cm). Besides, the inner
walls were designed as G3 class gas
concrete (10 cm and 20 c¢cm). Thus, the
modeling of the wall elements of the
basement floor with all components was
completed. Afterward; screed (5 cm),
ceramic (30x60 cm for toilets and
bathrooms, 60x60 cm for the remaining),
fire door (100x210 c¢m), aluminum door
(80x210 cm), kitchen cabinet, and basalt
coating productions were modeled as
shown in Figure 5.

Figure 5. Basement Floor Modeling.
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The steel structural components for the
ground and mezzanine floors were
modeled in Tekla Structures and
subsequently transferred to Revit using
the Industry Foundation Classes (IFC)
format. The modeling of remaining
productions on the ground floor was
performed on this drawing. IPE 400 and
IPE 200 column profiles, IPE 400 steel
truss beam profiles, IPE 330 and IPE 160
steel beams (mezzanine floor structural
system) were modeled together with
their connection details as shown in
Figure 6.

: .
Figure 6. Column-Beam Connection
Modeling.

Purlin and diagonal profiles of the
mezzanine floor were modeled as CC
200 purlin profiles and CHS 88.9X3.2 &
CHS 168.3X4.0 diagonal profiles. The
facade cladding was designed as a
sandwich panel in the 2D architectural
project. The structural system of the
panels was designed as an IPE 140-type
profile in the 2D steel construction
project. The window, sensual door, and
fire door gaps in the facade tile were
designed in the 3D models according to
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their actual dimensions. Finally, the
anchor elements that connect the steel
structure with the reinforced concrete
structure, were modeled as shown in
Figure 7.

g o
2 - .

: i
Figure 7. Purlin & Diagonal Structural

Elements and Facade Tiling &
Anchor Modeling.

Upon completion of all the planned
drawings, a steel construction 3D-BIM
model at the LOD 400 level was
obtained. The model created in Tekla
Structures has been exported thanks to
the program's compatibility with the IFC
system as shown in Figure 8.

The design of the composite structural
elements, located at the mezzanine floor
was also performed as shown in Figure
9. This structural system consists of a 1
mm galvanized corrugated steel, mesh
steel, and C25/30 concrete production.
Q257/257 mesh steel drawings were also
modeled. After the modeling of the
reinforced concrete productions was
completed, fine production on the
ground and mezzanine floors were
modeled. The inner walls were applied
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as G3 class gas concrete (10 cm and 20
cm).

NI

i Uil

Figure 8. Steel Construction 3D-BIM
Model and Transfer from Tekla
Structures to Revit.

Figure 9. Composite Structural System
Modeling on the Mezzanine
Floor.
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After the completion of the wall
modeling; door, window,
ceramic and parquet, windowsill,
wooden cabinets in the kitchen, kitchen
counter, and ceiling cladding
productions were modeled as shown in
Figure 10. Aluminum window and
suspended ceiling productions were
downloaded and imported to the model
from the BIMobject website, as they were
not available in the Revit library
(BIMobject, 2021a; 2021b). After the
modeling of the productions on the
ground and mezzanine floors was
completed; rainspout, roof and exterior
sandwich panels, fire doors, sectional
doors, and composite coating were
modeled. Finally, the field concrete in
the architectural project and the
topography of the building were

screed,

modeled for landscaping. The field
concrete was modeled as C25/30 and
J257/257 mesh steel reinforcement.

Figure 10. Fine Construction and Interior
Wall (20 cm) & Layers Modeling.

After the 3D-BIM model of the
Incubation  Center Building was
completed, the quantity lists were
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prepared. The quantity lists were
obtained from Revit & Tekla Structures.
The bill of quantities of a total of 52
production items has been created. The
arranged quantity data were used to
prepare the work program. To prepare
the 4D-BIM models obtained by
adapting the time dimension to the 3D-
BIM model, work definitions published
by the Turkish Ministry of Environment,
Urbanization, and Climate Change were
used. The resource analysis was
performed and the activity durations
were determined. The resource analysis
process is summarized below in seven
stages:

The work definitions, suitable
for the present production
items, designed in the 3D-BIM
model were determined.

the required
resources for unit production of

Pose analysis,

each item, was determined.

The critical source of each
production
determined.

item was
The work period for a single
team was considered as 8 hours
per day.

It was calculated in how many
days the critical resource could
complete the work time
calculated.

The team composition for the
operative resources was
determined.

The activity duration for each
production item was ensured.

To prepare the work program within the
scope of the Incubation Center Building

Construction Work, the Enterprise
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Project Structure (EPS) information and
sub-EPS
arranged in Primavera P6 software as
shown in Figure 11. The Work
Breakdown Structure (WBS) of the
project was created in two parts rough
works and fine works. The activities,
durations, predecessors, and the
required resources in terms of material,
workforce, and equipment, were defined
and added. The sub-activities within the
same main activity group are separated
according to production order. For
example, the production of C25/30
concrete was defined into four separate

information were initially

activities: foundation, basement,
ground, and mezzanine concrete. Thus,
81 activities were defined; including 30
activities for the rough works WBS and
51 activities for the fine works WBS. The
duration of the project was found as 286
calendar days, which was planned to
start on January 04, 2021, and be

completed on October 17, 2021.

Figure 11. Activity Descriptions and

Creation of Relationships.

To prepare the 5D-BIM models obtained
by adapting the cost dimension to the
4D-BIM model, unit prices published in
2021 year by the Turkish Ministry of
Environment, Urbanization, and
Climate Change were used. The cost
analysis the
Building was performed by using the
resource analysis and the unit prices.

of Incubation Center
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The quantities determined for each
activity were defined on the software,
production per day, and total activity
costs were calculated. To make cost
controls, the cumulative cost values
were examined. In line with the data
obtained, cost analyses were prepared
and it was shown how the cost values
changed daily via construction phase
simulations within the framework of the
5D-BIM model.

The 5D-BIM model of the Incubation
Center Building was prepared via
Navisworks Manage software. To create
time and cost simulations, the 3D model
prepared in the Revit and the work
program data created in the Primavera
P6 were used. A simulation was created
by integrating these data into the
Navisworks as shown in Figure 12. The
simulation shows the information of the
5D-BIM model, at what date, at what
cost, and at what level, according to the
prepared construction schedule.

Figure 12. Steel Cénstruction Simulation
and Completed 5D-BIM
Simulation.
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No calculation was made on the total
quantity of the activities included in the
construction schedule while preparing
the cost analyses. Separate calculations
were made for each resource that
belongs to the activity as shown in
Figure 13. The main reason for making
analyses at this level of detail is to enable
a more detailed investigation of the
construction schedule. Within the scope
of this target, the total cost of the
Incubation Center Building Work was
determined as 3,542,139.42b (100%), of
which 1,812,391.12b (51%) is rough
works and 1,729,748.30b (49%) is fine
works.

Figure 13. Cost Definitions on PRA.

The costs for the steel
construction of the Incubation Center
Building on the other hand was
determined as 716,462.711 (100%); in
which equipment cost was 19,212.33h
(3%), labor force was 5,593.10b (1%), and
material cost was 691,657.28% (96%).

resource

4. Discussion

The findings of BIM implementation in
Turkiye align with those performed
abroad (Lin, 2014; Xu, 2017; Arif & Khan,
2020). However, the number of studies
on BIM applications is very high,
especially in developed countries, and
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limited in
requirement.
popularity, it can also be stated that the
studies originating from Turkiye in
recent years are theoretical rather than a
practitioner's guide (Bayram, 2020).
Therefore, the expression of the lessons
learned from the different dimensional
BIM modelings for an Incubation Center
Building is seen as significant. The
encountered problems in the 3D-BIM
modeling process (via Autodesk Revit
and Tekla Structures), 4D-BIM, and 5D-
BIM modeling process (via Oracle
Primavera and Autodesk Navisworks)
were discussed below respectively.

Turkiye despite the

Despite its increasing

e In 3D-BIM modeling, Revit
allows elements within the same
family to automatically join.
However, this functionality
does not apply consistently to
certain components, such as
beams (Bayram, 2020).
Although this situation does not
change the quantity take-off, it
prevents the creation of detailed
reports. The solution is a time-

consuming method that
requires separating and
reconnecting all the beams from
each other.

e The automatic join feature may

unintentionally alter the
properties of other structural
elements, leading to

inconsistencies in the model
(Changsaar et al, 2022). For
example, while the plaster-paint
layer drawing of the reinforced
concrete column is made, if
there is a layered wall element
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(containing a  plaster-paint
layer) on one side of the same
column, the gas concrete
material, which is the main
element in the wall layer,
becomes smaller in length. The
solution is to close the join
command temporarily and then

complete the drawing.

In the section drawings included
in the architectural project, the
assignment of plaster-paint
layers on the surfaces of
reinforced concrete beams to the
beam surface is only possible by
changing the basic settings of
the reinforced concrete beam in
the library (Uddin et al., 2021). It
is required to copy the
reinforced concrete beam in the
library and perform operations
on the obtained copy since the
change to be made on the beam
in the library causes all the
beams in the project to change.

The modeling phase of all the
reinforcements in the project has
a time-consuming and
sophisticated structure due to
the excess of details (Bayram,
2020). These difficulties may
cause the designer not to prefer
the reinforcement modeling

process.

Tekla
includes

Structures  software
easy-to-understand
menus to create the main
structural elements. However,
auxiliary commands such as
copy, divide,

move, merge,
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point assignment, and
geometric drawing are difficult

to use.

Tekla
macros

provides users with
containing  visual
examples to facilitate the
creation of structural connection
details. However, the excessive
number of adjustable
parameters increases
complexity and extends the
modeling process. This situation
causes designers to work on the
same macros all the time and
models
patterns.

emerge in similar

Anchor structural elements that
enable the steel columns to be
supported by the reinforced
concrete structural system can
be modeled wusing macros.
However, after the 3D model
was created, it was detected that
there would be difficulties in
placing the anchor rods into the
reinforced concrete column. As
a solution, it was determined
that the
reinforcements

diameter of the
should be
increased and the
should be decreased.

quantity

Tekla allows modeling the steel
banisters and various sheet
metals. Three-dimensional
models were also created for the
steel  stair
rainspouts. The design revealed
that varying profile diameters

different
increasing

banisters and

were required for

turning  zones,
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modeling
situation

complexity.  This
causes the design
phase to become complicated.

In terms of 4D-BIM and 5D-BIM
modeling; 106 different types of
resources, which
determined from the statistics of
the Turkish  Ministry  of
Environment, Urbanization, and
Climate Change, were assigned

were

to the activities created in
Primavera. Primavera offers
users the opportunity to define
labor, material, and equipment
resources and their quantity
units (hour, number, square
meters, volume, etc.). However,
construction contracts under the
Turkish Public Procurement
Law (Law No. 4734) are
prepared according to the
“production measurement
units” specified in standard
work item definitions (pose
analysis). For this reason, all of
the resource types of the
activities in the work program
were determined as materials,
and the
measurement
defined as is in the work
definitions. As an example, the
production measurement unit

production
units were

for steel construction
production is determined as
"ton" in its work definition. The
employer, Erciyes Technopark,
pays the contractor under the
calculations made in the "ton"
unit for this production.
Consequently, it would be better

to estimate the labor cost in
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terms of "ton" instead of "hour",
for the analyses to be performed
to determine the tender bid
prices.

Within the scope of the study,
since the working times were
determined via resource
analysis, the activity durations
were defined manually and the
one-day resource usage was
calculated by the Primavera.
Thus it can be determined which
resource is needed, when, and
how much. However, the
accuracy of all data should be
checked, since Primavera does
not directly present the final
output to users in case of
changing the parameters that
will affect the operations, such
as defining the relations,
determining the project
duration, and calculating the
budget. To obtain the working
schedule, which reflects the
changes made,
adjustments must be made and
the program command must be

various

run again. This situation affects
revision processes by making it
difficult to coordinate working
schedule components.

The created 3D-BIM model file
can be saved in a format suitable
for Navisworks by using the
export feature of Revit.
However, some adjustments are
required on the 3D-BIM model
prepared in Revit. This process
has a complex structure since
the setting menu includes too
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many tabs. Besides, there is not
an adequate user manual on
how to make these adjustments.
trial-and-error
these
compatibility issues increases

Relying  on
methods to resolve
the complexity and duration of
the process. For example, it was
determined that not all of the
layers on the imported model
are  selectable, only the
outermost layers and the main
layer are selectable. To solve this
situation, the layered
construction elements prepared
in Revit were dismantled, and
each layer was redesigned as a
separate construction element.

Similar problems were
encountered during the file
transfer ~ process
Primavera P6 and Navisworks.

between

Navisworks can import work
programs
Primavera P6 via web service.

prepared  with

However, this feature works on
a specific server. Therefore,
Primavera P6 project output was
obtained in MS Excel, edited in.
CSV format, and transferred to
Navisworks. This process is
unfortunately a sophisticated
process that involves changing
various punctuation marks and
may cause losses or inaccuracies
in the transferred data. For the
reasons mentioned, the model
should be examined in detail
after the data transfer process.

The activities in the construction
schedule and the construction
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elements must be associated to
simulate the construction stages
within the scope of 4D-BIM. For
this purpose, the grouping
feature of selected elements,
suggested by Revit to the
designers, was utilized. Since
the created groups can be saved

as a set in Navisworks, it
simplifies  the simulation
preparation process. However,
it would be much more
beneficial to develop a tool that
supports simultaneous

synchronization between Revit
and Navisworks to ensure a
more effective process.

The Turkish Public Procurement
Law, which has been in force for
nearly a quarter of a century, can
no longer keep pace with
technological ~ developments.
Therefore, updating it again in
line with BIM processes is
essential to ensure compatibility
with BIM.

5. Conclusion

A large number of individuals with
varied backgrounds, educational levels,
and personal traits creates a complex
the project-based
industry. In
underdeveloped countries, construction
project managers generally consist of
who do not
and

environment in

construction

managers have an
institutional
perspective and have no education or
training in the field. This situation causes
to be standoff from

technological developments. On the

professional

contractors
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other hand, the construction industry is
faced with managerial problems such as
cost increases and delays, during intense
economic fluctuations. This study aims
to supply project managers with an
integrated perspective and to explain
practically why BIM should be used in
construction projects.

The benefits of BIM are considerably
more necessary for the construction
industry, which is regarded as the
locomotive in emerging nations. Turkiye
has not yet made BIM mandatory and
there is no published BIM standard. It is
therefore expected that this study will be
a resource of inspiration and a guide for
emerging nations, which have not
adopted BIM  processes the
construction industry yet. This study
develops a 3D to 5D-BIM process for a
completed incubation center project

in

from Erciyes Technopark, Turkiye. To
eliminate  the disadvantages of
traditional methods, a more specific
approach at the LOD 400 level was
provided to the design, quantity take-
off, schedule, cost, and construction
phase simulation processes within the
framework of the BIM approach. This
study is also a guide for technoparks that
will carry out the incubation center
construction process. Previous research
typically focused on steel or reinforced
concrete structural systems. This study
presents the BIM approach for a
composite system
considers both. Finally, contrary to
popular belief, this study shows that
BIM is efficient in simple building
structures.

structural and
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The main limitation of this study is that;
cost calculations were performed on the
production items belonging to the
construction work type of the sample
construction project, therefore, indirect
costs and profit margins were not
considered. The reason is that 3D-BIM
models of electrical and mechanical
projects can be designed by
professionals in the field and the costs
vary according to the qualifications of
the firms.

This study is generally a guide. It can be
applied to different projects by following
the application steps. To increase BIM
awareness, it is expected that the
consideration ~ of  different BIM
dimensions in the scope of construction
work tenders made by utilizing public
resources will provide great benefits to
public contractors, and will guide
construction firms in the private sector.
It is also expected that the 3D models of
the structural elements will be combined
on the same platform after they have
been designed, using two different
software, and will be a guide for the
practical use of the industry foundation
classes.
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Oz

Travma ve acil vakalar, diinya genelinde 6nemli bir halk saghigi sorunu olup,
ambulanslarin hastaneye giivenli ve hizli erisimi acil saglik hizmetlerinde hayati bir
faktordiir. Ancak, bir¢ok saglik tesisinde ambulans giris yollar1 ve mevcut trafik
diizenlemeleri, hizli ve giivenli erisimi zorlastirmakta ve hastane ici trafik giivenligini
olumsuz etkilemektedir. Bu calismada, Siileyman Demirel Universitesi (SDU)
Arastirma ve Uygulama Hastanesi ile Siirt Egitim ve Arastirma Hastanesi (SEA)
orneklerinde ambulans giris yollarin gilivenligi ve manevra kapasitesi
degerlendirilmistir. TS EN 1789+A1 (2024) standartlar1 dikkate almarak, AutoTURN
yazilim ile farkli hiz ve manevra senaryolar: test edilmistir. Analizler, mevcut
yollarda geometrik yetersizlikler, arag-arag, arac-yaya cakismalar1 ve dar manevra
alanlar1 gibi énemli sorunlari ortaya koymustur. Onerilen tasarimlar kapsaminda,
SDU Hastanesi icin Senaryo 3 ve SEA Hastanesi i¢in Senaryo 6, 25 m doniis ¢apina ve
ambulanslara o6zel girislere sahip diizenlemeleri ile 40 km/s’ye kadar giivenli
manevra imkan1 saglamaktadir. Calisma, hasta tasima siiresini azaltan ve trafik
givenligini artiran uygulanabilir ve siirdiiriilebilir tasarim ¢oziimleri sunmakta ve
gelecekte akilli trafik yonetimi ile yapay zeka destekli analizlerle gelistirilmesi
onerilmektedir.

Anahtar kelimeler: Ambulans Yol Giivenligi, Manevra Analizi, AutoTurn Simiilasyonu,
Hastane Acil Girigi, Siirdiiriilebilir Yol Tasarumi
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Saplioglu, R. & Unal, A., 2025

Sustainable Solutions for Ambulance Traffic
Management and Traffic Safety in Healthcare Facilities

Abstract

Trauma and emergency cases are recognized as significant public health issues
worldwide, where the safe and rapid access of ambulances to hospitals plays a vital
role in the effectiveness of emergency medical services. However, inadequate
ambulance entrance roads and inefficient traffic regulations in many healthcare
facilities hinder prompt and safe access, compromising patient transport times and
internal traffic safety. This study evaluates the safety and maneuverability of
ambulance entrance roads at Siileyman Demirel University (SDU) Research and
Application Hospital and Siirt Training and Research Hospital (SEA). The assessment
was conducted based on TS EN 1789+Al (2024) standards and scenario-based
simulations using AutoTURN software. The analyses revealed geometric deficiencies,
vehicle-pedestrian conflicts, and limited maneuvering space in the current layouts.
As a solution, Scenario 3 for SDU and Scenario 6 for SEA, which feature 25-meter
turning radii and dedicated ambulance-only access roads, were proposed. These
designs allow ambulances to perform safe maneuvers at speeds up to 40 km/h
without vehicle conflicts or geometrical restrictions. The study provides sustainable
and practical design solutions that reduce patient transport times and improve traffic
safety. Further studies are recommended to integrate smart traffic management and
Al-based simulations to enhance the proposed models.

Keywords: Ambulance Route Safety, Maneuver Analysis, AutoTURN Simulation, Hospital
Emergency Entrance, Sustainable Road Design
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1. Giris

Diinya genelinde travma kaynakl
Olimlerin Onemli bir saglik sorunu
oldugu bilinmektedir (Wiwekananda
vd., 2020). Ambulans gecikmeleri ve
ambulans kazalars, geciren
hastaneye ulagmasin
zorlagtirarak Oliim riskini artirmaktadir
(Pan vd., 2024). Gecikmeler sonucunda
hastanin yaralanma durumu daha da
kotiilesebilmektedir. Bu  baglamda,
hastane giris yollarmin tasarimi, trafik
miihendisligi saghk  tesisleri
planlamasimin kesisim noktasinda yer

travma
hastalarin

ve

almaktadir. Uygun bir giris tasarim,
yalnizca zamandan tasarruf saglamakla
kalmaz, zamanda kazalar:
operasyonel aksakliklar1 (Yoon ve
Albert, 2020) da minimize eder.

ayni ve

Tayland'da yapilan bir arastirmada, acil
tedaviye ihtiya¢ duyan hastalarin
%?20'den fazlasinin, trafik sikigikliklar
ve is birligi yapmayan
nedeniyle  hastaneye  ulasamadan
hayatini kaybettigi rapor edilmistir (The
Nation, 2017). Bu durum, diinyanin
birgok iilkesinde oldugu gibi Tiirkiye'de

stirticiiler

de benzer sekilde gozlemlenmektedir.
Daha ayrintili incelendiginde, acil saghik
hizmetlerinde ambulanslarin hizli ve
giivenli erigsiminin hayati 6neme sahip
oldugu (Watanabe vd., 2019);
ambulanslarin hastaneye giris yollar1 ve

bu yollarin manevra giivenliginin
(Hossain vd., 2025), hasta saglg,
personel giivenligi ve trafik akisi
agisindan  kritik  bir rol oynadig:
belirlenmistir (Lam vd., 2015). Yapilan
kaynak incelemeleri, ambulans
gecikmelerinin  baslica nedenlerinin
trafik yogunlugu ve yetersiz yol
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geometrisi oldugunu gostermektedir
(Noorani vd., 2014; Dimitriou vd., 2018).
Ambulanslarin hizli, giivenli ve engelsiz
bir sekilde hastane acil servislerine

ulasmasi, acil miidahale siirecinin
basarisin1  dogrudan etkilemektedir.
Ancak, Ozellikle hasta niifusunun
artisiyla birlikte ambulanslarin

karsilastif1 yol giivenligi problemleri de
biliytimektedir. Hasta transfer siirecinde
yasanan gecikmeler, hastane lojistiginde
ciddi aksamalara neden olabilmektedir.

Uygulamaya ge¢cmeden Once, mevcut
hastane giris yollarinin arazi tizerinde ve
detayh
incelenmesi ve problemlerin tespiti icin
gerekli toplanmasi
gerekmektedir. Ambulans giris yolu
glvenligi ile ilgili yapilan ¢alismalarda,
0zellikle yol geometrisi ve manevra alani

projelendirme  asamasinda

verilerin

uygunlugunun degerlendirilmesi
gerektigi  belirtilmektedir. Ulastirma
miihendisliginde yol planlamas: ve
giivenlik standartlar, genellikle
geleneksel Olctitler tizerinden
sekillendirilmektedir. Ornegin,

calismamizin konusu olan hastanelerin
ambulans giris yollar1 ve manevra
alanlar1  i¢in  mevcut standartlar
bulunmaktadir (TSE 1789+A1, 2024).
Ancak, ambulansin dinamik
yeteneklerini detayli sekilde dikkate
alan, performansa dayali, bolgesel
farklilhiklar1 gozeten ve ara¢ hiz
degisimlerine duyarli yeni geometrik
yol standartlar1 hentiz gelistirilmemistir.
Bu eksikliklerin en biiyiik dezavantaji,
ambulans gibi acil durum araglar: igin
ayrilan yollarin gereginden fazla genis
tutulmasi veya tam tersine, dar alanlarin
tehlikeli
olusturulmasidir.

kullanilarak durumlarin
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Ambulans yollar1 igin serit genisliginin
3,5-4,5 arasinda olmasi
Onerilmektedir (Wolhuter, 2015).
Tiirkiye’de, TSE EN 1789'da belirlenen
ambulans boyutlar1 esas almarak yol
genislikleri belirlenmektedir. Genellikle
ambulanslar 2,5 metre genislige ve 7-8
metre uzunluga sahiptir. Bu nedenle, cift
yonlii trafik akimi olan kesimlerde yol
genigliginin en az 7-8 metre olmasi
gerekmektedir.  Ancak,
yollariin kenarinda arag¢ park edilmesi
durumunda serit genigligi yetersiz
kalmakta ve trafik verimi diismektedir.
Ek olarak, hastanelere veya acil durum

metre

ambulans

tesislerine giden yollar ambulanslar icin
Ozel seritler icermeli ve diger trafik
akimiyla kesismemeli ve yol kenar1 park
yapilmamalidir (Lam vd., 2015).

Yol egimi ve doniis yarigaplar,
ambulans giris yollar1 igin  kritik
parametrelerdir. Ambulans giris

yollarinda egimin %10'u ge¢memesi
gerekmektedir, ¢iinkii daha dik egimler,
Ozellikle 1slak veya buzlu havalarda arag
kontroliinii zorlagtirabilmektedir (TSE
1789+A1, 2024).

Kavsaklarda daha  biiyiik  kurp
yarigaplari, devrilme riski olmadan daha
yumusak ve daha hizhh doniigler

sagladiklar1 icin 6nemlidir. Ek olarak,
uygun goriis mesafesi iyilestirmeleri de
gecikmeleri potansiyel
azaltmaktadir. Doénel kavsaklar
ambulans  girisinin oldugu
kavsaklarda, acil durum araglarinda
oncelik kuralin1 korurken, trafik akigini
yonetmeye yardimci olur. Modern donel
kavsaklarin sinyalizasyona kiyasla hizl
olmasi ayrica
ambulans giivenligi acisindan hizin bir

ve kazalari

yakin

durumu mevcuttur,
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miktar diistiigii kesim oldugu igin tercih
edilmektedir (Snyder vd., 2013).

Manevra alani ve doniis yarigaplars,
ambulans giris yollarinda en Onemli
biridir.
gostermektedir ki,
yarigap1
hizina bagh

parametrelerden Calismalar
minimum dontis
ambulansin boyutlarina ve
olarak degismekte ve
tasarim siirecinde kritik bir degisken
ele alinmalidir.

olarak Calismalar,

ambulanslarin boyutlarina ve yiiksek
ic
doniigler icin minimum 6-8 metre ve dis

hizlarma uyum saglamak igin

doniisler icin 10-12 metreye kadar

geniglik  ihtiyaa  oldugunu  ve
tasarimlarda kullanilmasini
onermektedir. Bununla birlikte acil

girislerindeki dontis yarigaplari asgari
gereksinimleri karsilayabilmesi igin 9-12

metre arasinda doniis yari capi
kullanilabilir. Baz1 ambulans tiplerinde
15 metrelik doniis yarigap1

kullanilmaktadir. Genel olarak i¢ ve dig

doniis yar1 c¢aplar1 i¢in bahsedilen

hiz
degisimi doniis cap degerlerini ¢ok

standartlar kullanilmakta fakat,

degistirecegi icin bu durum ayrica
degerlendirilmelidir. ~Standartlar bu
eksik kalabilmektedir. Bu
eksikligin giderilmesi igin iyi bir kaynak

konuda

olarak bu calisma gerceklestirilmistir.

Calismada yurt disindaki ambulans giris
yolu uygulamalari karsilagtirmali olarak
incelenmis iyi  miihendislik
yaklasimlar1 analiz edilmistir. Bununla
birlikte yurt igi calismaya
rastlanamamustir.

ve

fazla
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Yapilan kaynak incelemeleri ve saha
degerlendirmeleri sonucunda,
geometrik standartlara uygun acil giris
tasarimlarindan biri olarak Isparta Sehir
Hastanesi Acil Ambulans  Girisi
belirlenmistir. Bu hastanenin ambulans
giris yolu ve hasta indirme alaninin, TS
EN 1789+A1 (2024) gibi ulusal ve
uluslararas1 standartlar dogrultusunda
tasarlandig: geometrik
diizenlemeleri sagladig: tespit edilmigtir
(Atasever, 2018; Yilmaz ve Uslu, 2022).
Bu nedenle, c¢alismada literatiir
taramasina ek olarak mevcut iyi
uygulamalardan biri olan Isparta Sehir
Hastanesi ornegi de dikkate alinarak,
kritik glivenlik parametreleri
belirlenmistir.

ve glivenli

Bu calisma, ambulans giris yollarinin
mevcut tasarim yeterliligini incelemek
ve simiilasyon tabanli analizler ile yeni
tasarim Onerileri sunmak amaciyla
gergeklestirilmistir. Ulkemizde bu
konuda yapilmis bilimsel ¢alismalarin
eksikligi calismanin ilerleyis
motivasyonunu desteklemistir. Ozellikle
Tiirkiye’deki hastane ambulans
yollarinda simiilasyon tabanl
degerlendirme yapilmamis olmasi, bu
c¢alismanin  bu konudaki eksikligi
gidermeye destek olmasi agisindan
nemlidir. Ambulans giris yollarnin
mithendislik  uygunlugu trafik
givenligi acgisindan degerlendirilmesi
amactyla segilen iki farkli sehirdeki
devlet hastanesi ornekleri igin, literatiir
taramas1 ve ideal ambulans girigleri
yapilan incelemeler
dogrultusunda, en  kritik
parametreleri belirlenmistir.

ve

uzerine
tasarim
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AutoTURN simiilasyonlari ile farkli hiz
senaryolarinda ambulans manevralar
analiz edilerek, doniis yaricapi, serit
genigligi, egim ve ara¢ ¢akismalar1 gibi
faktorlerin hasta tasima siirecine etkisi
degerlendirilmistir. Sonuglar, mevcut
diizenlemelerin yetersizliklerini ortaya
koyarken, standart yaklasimlarin Stesine
gegen, trafik ve operasyonel verimliligi
artiran alternatif tasarimlar onerilmistir.

2. Materyal ve Yontem

2.1 Calisma Alami Tanimlanmasi ve
Problemin Tespiti

Calisma alan: olarak iki farkli bolgede
yer alan, Siirt ve Isparta sehirlerinde
bulunan, Siirt Egitim ve Arastirma
Hastanesi (SEA Hastanesi) ve Isparta
Siileyman
Aragtirma ve Uygulama Hastanesi (SDU
Tip) Acil giris yollar1 ve manevra
alanlar1 secilmistir.

Demirel Universitesi

2.1.1. Siirt Egitim Arastirma
Hastanesi Ambulans Giris Yolu

ve

Siirt merkez ilgesinde yer alan Siirt
Egitim ve Arastirma Hastanesi (SEA),
2014 yilinda hizmete girmis olup 51.306
m? kapali alana sahiptir (Sekil 1). 300
yatak kapasiteli bu saglik tesisi, Siirt ve
cevre illerden gelen genis bir hasta
grubuna hizmet vermektedir.

Hastaneye arag girisleri iki farkli kapi
tizerinden saglanmaktadir. Ana giris,
genel ziyaretci otoparki ve poliklinik
hizmetleri i¢in kullanilirken, acil giris
hasta yakinlari, yatis yapan hastalarin
refakatcileri, hastane

personeli  ve
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ambulanslar tarafindan

kullanilmaktadir.

Acil giris yolu, trafik akisini diizenlemek
agisindan ¢ok islevli bir erisim noktasi
olmasina ragmen, ambulanslarin hizli ve
kesintisiz bir sekilde hasta transferini
gerceklestirmesi icin tasarim yeterliligi
agisndan  degerlendirilmesi  gereken
gesitli miihendislik parametrelerine
sahiptir. Calismada, SEA Hastanesi
ambulans giris yolu, mevcut trafik
diizenlemeleri yol  geometrisi
acgisindan edilerek, olasi
iyilestirme senaryolar gelistirilmisgtir.

ve
analiz

= 22 P
Sekil 1. Siirt Egitim Arastirma Hastanesi
mevcut acil giris ambulans yolu.

Yogun yaya ve ara¢ trafigi
gozlemlenmistir ve bu trafik, ambulans
hareketi ile bircok noktada

cakismaktadir. Ayri bir ambulans giris
ve ¢ikis yolunun bulunmamasi, hastane
i¢i trafik yOnetimini karmasik hale
ambulanslarin  hasta

getirmekte ve

transfer slirecini olumsuz
etkilemektedir.  Ozellikle,
otoparki-B'ye gitmek isteyen arag ve

giris

personel

yayalar, ambulans yolu ile
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dogrudan kesismekte ve bu durum, acil
servis alaninda operasyonel verimliligi
distirmektedir.

Yapilan saha gozlemleri, personel
otoparkinin yalnizca hastane ¢alisanlari
tarafindan degil, yetkisi olmayan kisiler
da

kullanildigini  gostermektedir. Bunun

tarafindan yogun olarak

sonucu olarak, ambulanslarin hasta
indirme bolgesinde asir1 arag trafigi,
diizensiz park alanlar1 ve yogun yaya
hareketliligi tespit edilmistir. Bu durum,
acil servise gelen ambulanslarin giivenli
hizli
zorlagtirmaktadar.

ve manevra yapmasini

Kaynak incelemeleri sonucunda, SEA
Hastanesi ambulans giris yolu serit
genigliginin, mithendislik standartlarina
sekilde 9
belirlenmistir. Ancak, yol kenarindaki

uygun metre  oldugu
diizensiz ara¢ parki nedeniyle farkh
yonlerden gelen araglarin gecisi biiyiik
Acil giris
kapisinin 6ntindeki yol boliinmemis bir

Olcide  kisitlanmaktadir.
yol olup (Sekil 1-b), karsi cephesinde
siiregelen insaat faaliyetleri nedeniyle
ara¢ giris-cikislarinin  yogun oldugu
gozlemlenmistir. Bu alana giris yapan
beton mikserleri, kamyonlar ve agir
vasita araglar, ambulans hareketliligi
agisindan beklenmedik bir glivenlik riski
olusturmaktadir.

bile,
bolgede ara¢ giris cikislarimin yiiksek

Insaat tamamlandiktan sonra

yogunlukta devam etmesi
beklendiginden, ambulans giris
gluvenligi icin ilave diizenlemelerin

yapilmasi gereklidir. Acil servisin giris
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kapisi, personel otoparkina giden
araglar, acile gelen hasta yakinlar1 ve
yatakli hasta refakatgileri tarafindan da
kullanildigindan, ambulanslar stirekli
olarak  diger ve

arag yayalarla

karsilagsmaktadir.

Sekil 1-a’da da goriildiigti iizere, acil
giris kapisinda farkli yonlerden gelen 4
ila 5 ara¢ ayn1 anda karsilasabilmektedir.
Hasta
parklar1 nedeniyle siirekli olarak isgal

indirme alani, diizensiz arag

edilmekte ve bu da ambulans
operasyonlarini olumsuz
etkilemektedir. Manevra alanlarimn

korumak amaciyla saksilar kullanilarak
gecici bir fiziksel bariyer olusturulmus
olsa da, bu 6nlem ambulanslarin dontis
giris daha da
zorlagtirmaktadir.

ve hareketlerini

Literatiir incelemeleri, ambulans giris
yollarinda maksimum egimin %10u
gecmemesi gerektigini gostermektedir.
Yapilan Ol¢iimler dogrultusunda, Siirt
SEA Hastanesi acil ambulans giris yolu
ve devaminda ambulans hareketlerini
kisitlayict bir egim tespit edilmemistir
(Sekil 1). Ancak, ambulans manevra
alanlarmin genisligi, yolun ayrilmamais

olusu, diizensiz arag¢ parki gibi
faktorlerin ~ operasyonel  verimlilik
agisindan  iyilestirilmesi  gerektigi
belirlenmistir.

2.1.2. Siileyman Demirel Universitesi
Arastirma ve Uygulama Hastanesi
Ambulans Giris Yolu

Siileyman Demirel Universitesi (SDU)
Arastirma ve Uygulama Hastanesi,

Ispartada SDU Dogu Kampiisii
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igerisinde konumlanmis olup, 2 Ocak
2001 tarihinde hizmete girmistir. 400
yatak kapasitesine sahip olan bu saghk
tesisi, Akdeniz Bolgesinde Oonemli bir
hasta yogunlugunu karsilamaktadar.

2019 yilina kadar trafik giivenligi ve
ambulans erigsimi acisindan ciddi bir
sorun teskil etmeyen hastane giris
hasta niifus
artmasiyla  birlikte
olumsuz

yollar, zamanla
yogunlugunun
ambulans  hareketliligini
etkileyen  trafik  problemleri ile
karsilasmaya baslamistir. Bu
dogrultuda, hastane yonetimi ambulans
giris
saglanabilmesi amaciyla gesitli 6nlemler
almistir. Bu 6nlemler arasinda:
Acil oniindeki
alanlarinin diizenlenmesi,
glizergahlarinin
igsaretlerle

ve cikiglarinin kesintisiz

. servis

park
Ambulans
belirgin
yonlendirilmesi,
Personel ve ziyaretgilere yonelik
bilgilendirme c¢alismalar1 yer
almaktadir.

Ancak, alinan bu 6nlemlere ragmen, acil
giris alaninda ara¢ c¢akismalar
diizensiz park alam1 sorunu devam

ve

etmekte, hasta transfer

gecikmelere yol agmaktadir.

stireclerinde

Kaynak incelemeleri dogrultusunda, acil
durum giris
geometrik

araclari yollar1  igin

belirlenen tasarim
standartlarinda, serit genigliginin tek
yonlii trafik akimi icin 3,5-4,5 metre; cift
yonlii trafik igin ise 7-8 metre olmasi
gerektigi belirlenmistir. Yapilan saha
Ol¢limleri, SDU Hastanesi
giris yolunun serit genisligi agisindan
mevcut standartlara uygun oldugunu
gostermektedir. Ancak, Sekil 2-a'da

ambulans
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kenarindaki
nedeniyle

gorildiigti  {izere, yol
diizensiz arag parklarn
ambulans hareketliligini kisitlayan ve
operasyonel giivenligi tehdit eden
standart dis1 durumlar gozlemlenmistir.
Ayrica, acil durum tesislerine ulasan
yollarin ambulanslar icin 6zel seritler
icermesi gerektigi literatiirde sikca
vurgulanmaktadir.  Bu  gereklilik,
ambulanslarin hasta tasima siirecinde
gecikmelerin Onlenmesi ve kesintisiz
erisimin saglanmasi agisindan kritik bir
unsur olarak degerlendirilmistir.

Boyuna egimi %10'u gegmemesi gereken
ambulans giris yollari, dik egimlerle
karsilasildiginda, o©zellikle 1slak veya
buzlu kosullarda ara¢ kontroliinii
engelleyebilir. Kademeli egimler
glvenligi artirir ve aracin frenlerindeki
stresi azaltir. Mevcut ambulans giris ana
yolunda boyuna egim degeri smir
degerler igindedir. Bununla birlikte giris
kavsag1 yar1 caplar1 ve goriiniirliik
incelendiginde mevcut anayol girisinde
ardi ardmna gelen ters yatay kurp
durumu ambulanslarin 6zellikle yagish
havalarda tehlikeye
sokmaktadir.

glivenligini

Sekil 2. SDU T11:> Fakiiltesi Aragtirma ve
Uygulama Hastanesi
acil giris ambulans yolu.

mevcut
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Tiim bu geometrik problemler ve hasta
niifus artis1 durumu daha giivenli bir
acil ve yogun bakim giris yolu insasinin
gerekliligini ortaya ¢ikarmis, bunun igin
tiniversite hastanesinin arka tarafinda
acil ve yogun bakim iinitesi insaatina
baslanmistir. En onemlisi, yapilan yeni
ingaatin acil girisi de arka taraftan ayri
bir ambulans giris yolu olarak
tasarlanmahdir, diger araglar
yayalarla etkilesim icinde olmamalidir

(Sekil 3).

ve

Sekil 3. SDU.TIP Fakulte31 Aragtlrma ve

Uygulama  Hastanesi  yeni
(calismada  kullanilan)  acil
binasi yeri ve ambulans giris
yolu.

Calismanin yontem kisminda, ambulans
giris-¢ikis yollarini iyilestirmek amaciyla
yol izleri analizini ve ¢ok govdeli
dinamik simiilasyonu birlestiren bir
analiz gerceklestirilmistir.

2.2. Yontem

Teknolojinin gelismesi ve bilgisayar
destekli ~ simiilasyon  yazilimlarinin
sagladig1 kolaylikla standartlarin iginde
kalan degerleri de kullanarak farkh
hizlarda yaklagim saglayabilen
ambulanslar i¢in en uygun yol
geniglikleri, yol egimleri veya manevra
alanlarini tespit etmek miimkiin hale
gelmistir. Bu calismada
girislerinde gerekli olabilecek giivenli

ambulans
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manevra alanimnin ve doniis yarl
¢aplarinin, serit genisliklerinin en uygun
hangi degerleri alabilecegi ortaya
konmasi igin yol izleri analizini ve ¢ok
govdeli dinamik simiilasyonu birlegtiren

bir analiz gerceklestirilmistir.

2017 yilinda, Hwang vd. ¢ok govdeli
dinamik simiilasyon yontemi ile aracin
doniis yaparken ki stabilitesini inceleme
imkani elde etmistir (Sekil 4). Hiz, egri
agisl, genislik ve egim, bir aracin
koridorda hareket ederken ki yol izini
etkileyen faktorlerdir.

Yol izi genigligi

Ambulans
uzunlugu

- -
Ambulans
genisligi

Sekil 4. Aracin yol izi (Swept path:
Hwang vd., 2017).
Bu yontem, oOzellikle donel kavsak
geometrisinin glvenli olarak
gelistirilmesinde kullanilmis ve gercek
manevra doniis ve hareket acilarini,
kullandiklar: alanlari sadece 5 cm sapma
ile tespit etmistir (Dzambas vd., 2021;
Carrasco ve Pecanac, 2004; Saha, 2021).

Bu nedenle hizh ve ekonomik
planlamada kolaylastiric1 bir arag haline
gelmistir.  Calismamizda  materyal

kisminda incelenen iki farkli sehirdeki
hastanenin acil giris yolu ve ambulans
hasta indirme alan1 manevra sahasi,
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AutoTURN yol izi simiilasyon programi
ile degerlendirilmistir.

AutoTURN, AutoCAD igin gelistirilen
bir Bilgisayar Destekli Tasarim (CAD)
yazilimdir.
sayesinde araglarin siipiiriilen yollarin
takip edebilir ve farkli hizlardaki
yaklagimlar icin geometrik manevra
cizimleri olusturulabilir.

Bu yazilim algoritmasi

Calismada, ambulans giris yollariin
geometrik uygunlugunu
degerlendirmek amaciyla simiilasyon
tabanli analizler gerceklestirilmistir.
Analizler, AutoCAD
hazirlanan hastane yerlesim planlari
lizerine, AutoTURN yazilimi
kullarilarak yapilmigtir. Senaryolarin
olusturulmasinda, iki farkli ambulans
tipi (7,5 m ve 8,5 m uzunlugunda, 2,5 m
genisliginde) kullanilmistur.
Simiilasyonlarda ambulans hizlari, saha
gozlemleri ve ambulans soférleriyle
yapilan goriismeler sonucu 10 km/s, 20
km/s, 30 km/s ve 40 km/s olarak
belirlenmistir. Serit genisligi (3-3,5 m),
doniis ¢ap1 (minimum 25 m), yol egimi
(<%10), bordiir kenar bosluklar1 ve
manevra  alani
parametreleri  olarak  kullanilmistir.
Simiilasyonlar sayesinde, ambulanslarin
farkli hizlardaki doniis manevralari,

ortaminda

boyutlar1  analiz

glizergah {izerindeki
bordiir temaslari incelenmis, en uygun
senaryolar belirlenmistir.

cakismalar ve

Program ilk olarak program
kiitiiphanesinden en uygun ambulans
boyutlar1 secilmistir. Bu
tiplerinin secimi igin acilde calisan
ambulans soforleri ile
gerceklestirilip alinan

icin
ambulans

goriismeler
bilgiler
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dogrultusunda, hasta ambulans: ile
obezite problemi yasayan veya yeni
dogan bebeklerin nakli igin kullanilan
bir ambulans tirii (obez ambulans)
boyutlar1 secilmistir (Sekil 5). Segilen

ambulans tiplerinin ikisi i¢in de giris

yolu ve manevra calismasi
gerceklestirilmistir. Ambulans
soforlerinden  alinan  bilgiler ile

ambulans yolunda kent iginde, yolun
aliyman kisimlarinda 70-80 km/st; yatay
kurba 30-40 km/st,
yavaglama manevrasl yaptigt
kesimlerde 20 km/st hiz kullandiklar:
ogrenilmis ve her kesim igin gerekli hiz

kesimlerde

parametresi simiilasyona uygulanmigtir.
Bu uygulama kullandigimiz
simiilasyonun = gercege  uygunlugu
agisindan en biiyiik avantajidir. Yiiksek
hiz, direksiyon agisini azaltabilir ve daha
genis olabilir.
Yazilimin destegi ile glizergahtaki belirli
noktalarda farkh hizlar
kullanilabilmistir. ~ Farkhh  gilizergah
yoriingeleri izlenebilmistir. Boylece bir
yol tasarimmin 6n kosulu (Carrasco,
1995) araglarin donitis
gereksinimlerini  kontrol edebilmek
mimkiin olmustur.

doniislere  neden

olan

Select Current Vehicle

|
=

0.97 a9

Sekil 5. Hastanelere gelen ambulans tipleri ve boyutlarinin simiilasyon programinda

se¢imi.

Calismanin simiilasyonlarii kategorize
etmeye yardimc olan alt1 ana senaryo
Tablo 1’de verilmistir. Deneme yapilan
ve Onerilen senaryolarda saga doniis,
sola  doniis, gidis geri

ileri ve
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manevralarmin yol serit genigligi ve
mevcut kose dontislerdeki kaldirim
bordiir yaricap iliskisi ile manevra alani
genisligi degerleri etkilesimi
incelenmistir. Bu degerlendirmelere
bulgular kisminda yer verilmistir.
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Tablo 1. Yillik ve mevsimlik ortalama verilerin tanimlayici istatistik sonuglar:.

Senaryo . e Acil Ambulansa
No Ismi T Kav. Hareket Tiirii Hareket Tiirii Hiz (Km/st) 5zel yol
1 Meveut SaD, SoD, DG SaD, GM, SD 20, 25, 30, 35, 40 ok
Durum SDU ar ! a ’ P ¥
Yeni Girigl- SoD, SaD, GM,
2 SDU SoD, SaD, DG DG 20, 25, 30, 35, 40 var
Yeni Girig2-
3 SDU SoD, SaD, DG SoD, SaD, DG 20, 25, 30, 35, 40 var
(Onerilen)
Mevcut SoD, SaD, GM,
4 Durum SEA SoD, SaD, DG DG 20, 25, 30, 35, 40 yok
Yeni Girigl- SoD, SaD, GM,
5 SEA SoD, SaD, DG DG 20, 25, 30, 35, 40 yok
Yeni Giris2-
6 SEA SoD, SaD, DG SoD, SaD, DG 20, 25, 30, 35, 40 var
(Onerilen)

Not: *SaD’= sagadoniis hareketi; ‘SoD’= soladoniis hareketi; ‘DG'= diiz ilerleyis; ‘GM'= geri

maneora

3. Yol lizi Analizi

Simiilasyonu Bulgular:

ve Bilgisayar

[lk olarak SDU Arastirma ve Uygulama
hastanesi mevcut durumdaki acil girisi
simiilasyonu ve giristeki diger araglarla
cakisma noktalar1 belirlenmistir (Sekil
6). Mevcut durumdaki acil girisi bas
hekimlik otopark girisi ile birliktedir.
Ambulans park yerlerine hasta araglar1
park edilebilmektedir. Ek olarak, hasta
araglar1 ve motosikletler acil girisi yol
kenarlarmna park edebilmektedirler ve
siklikla tehlikeli
karsilasilabilmektedir. Simiilasyon 1'de
ambulans icin kullanilan hiz degerleri,
diger araclarla cakismalar ve giriste yol

durumlarla

geometrisinde karsilasilan ters yatay
kurp nedeniyle 10 ve 20 km/st gibi diisiik
degerler  tutulmus arttinldiginda
ambulans ile diger araglarin hem
cakistig1 hem de manevra sirasinda park
halindeki
olumsuz

araglara c¢arpma seklinde
oldugu
gorilmiistiir. Sonug¢ olarak Universite

durumlarin
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Yonetiminin ve Isparta Belediyesinin
destegi ile Hastanenin arka cephesinde
bir Acil ve Yogun bakim binasi inga
edilmeye baslanmis, bunun igin de
Senaryo 2 ve Senaryo 3 denemeleri
gerceklestirilmistir.

SDU Aragtirma ve Uygulama hastanesi
yeni acil girisi icin gerceklestirilen
simiilasyon c¢alismasinda en uygun
tasarim hizlar1 ambulans sofdrleri ile
Sekil 7’deki gibi
Hizlar  goriisiiliirken
ambulans soforlerinden de yasadiklar
en biiyiik problemlerden birinin giris
yolunda diger araglarin olmasi oldugu
ve ambulans ara¢ ¢akismalarinin oldugu

goriisme sonrasi

belirlenmistir.

belirlenmistir. Bu durum literatiirden
Ogrenileni de desteklemektedir.
Simiilasyonda  Onerilen  senaryolar
kismimnin tiimiinde, sadece ambulans
yolu olarak ayrilmis giizergahlar ve
manevra alanlari tasarlanmisgtir..
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Sekil 6. SDU Aragtirma ve Uygulama hastanesi mevcut durumdaki acil girisi

simiilasyonu, Senaryo 1.

’
| |
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Sekil 7. SDU Arastirma Hastanesi yeni acil yolu ambulans giris yolu ambulansin
kullanabilecegi genel hiz degisimleri.

Uygulamadan segilen Sekil 7’daki giris
hizina ek olarak 10 km/st, 20 km/st, 25
km/st, 30 km/st, 35 km/st ve 40 km/st
acile yaklasma hizlar1 da kullanilmistir.

Ozellikle dar doniiglerin ve yiiksek
manevra gerektiren yollarm, araglarin
glvenli gecisini saglamak igin 06zel
tasarimlar gerektirdigi bilinmektedir.
Burada tasarlanan giriste ambulansin
hasta indirme bindirme yonii de dikkate
alinmustir. Hizdaki en kritik deger ile
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olusturulabilecek iki ambulans giris yolu
senaryosu (Senaryo 2 ve Senaryo 3) Sekil
8 ve Sekil 9’da verilmistir.

Senaryo 2'de (Sekil 8) elde edilen
glizergah ve  ambulans
manevralarina ulagsmak i¢in 10 adet
deneme  ¢izim  gergeklestirilmistir.
Bunlarin her biri iki tiir ambulans ve
bunlarin farkli hizdaki versiyonlar:
icindir. Buna ragmen, muhtemel en
uygun ¢izimde goriildiigii gibi, binanin

¢izimi
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arazideki konumu

indirme-bindirme

acil  girisinin

nedeniyle  hasta
girisine yapilan yaklasma manevrasi igin
¢ok dar bir alan mevcuttur. Bu durum
ikinci bir ambulansin girisine miisaade
etmeyip
cakismalarini da arttirmaktadir. Ayrica
ambulansin ¢ok dar bir alan icinde geri
manevra yapmasma sebep olmaktadir.
Hiz arttikca bu manevra olanaksiz hale
gelmekte, bordiir taslar1 ve kaldirim
tizerinden gecise neden olabilmektedir.
Girig stiresini de arttirmaktadir. Geri
manevra alaninda kaldirim ve bordiir

ambulans-ambulans

Bunlarin her biri iki tiir ambulans ve
bunlarin farkli hizdaki
icindir. En uygun ¢izim Sekil 9'da
verilmistir. Bu ¢izimde de gorildigi
gibi Ambulans girisi, manevrasi ve ¢ikisi
Senaryo 2’den daha rahat
gerceklestirilmis, geri manevra yapmaya
gerek kalmamistir. Ayrica Ambulans
giris yolu standartlarinda olmas:
gerektigi gibi giris ve ¢kis yolu
boliinmiis  yol  seklinde  dizayn
edilebilecek alan mevcuttur. Sadece bir
noktada cakisma gerceklesmesi
muhtemeldir, 0 orta ada

versiyonlar1

da

taslarina ambulansin carptigt  diizenlemeleri ile daha giivenli hale
goriilmektedir. Senaryo 3 icin elde  getirilebilecektir.
edilen manevra ¢izimi i¢in de 10 adet
deneme  ¢izimi  gergeklestirilmistir.
/ N
k o »\C' === ==
\ \\ B R
‘s\ r:\ ‘ “ ‘ \ \
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Sekil 8. SDU Arastirma Hastanesi yeni acil girisi (senaryo 2).

Sekil 9’da otopark alami olarak goriilen
kissmda Ambulans giris diizenlemesi
igin  gerekli atilmaya
baslanmistir. Bu alan sadece Ambulans
parkina ayrilacak ve bagka bir aracin
girmemesi saglanacaktir.
Siileyman Demirel Universitesi gerekli
calismalara baglamistir. Bu da ambulans

adimlar

Bu konuda
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yolu giivenli geometrik dizaym ve
isletmesini desteklemektedir. Ayrica
boyuna egim, serit genisligi gibi
parametreler de arazi icin uygundur.
Ambulansin ana yoldan girislerinde ters
kurp mevcut degildir. Kavsakta goriis
kisitlayici bir unsur yoktur.



Saplioglu, R. & Unal, A., 2025

Ikinci calisma alani olarak Siirt Egitim ve
Arastirma (SEA) hastanesinde gorev
yapmakta olan ambulans soférleri ile
gerceklestirilen  goriismede, sehir
merkezi ve kavsaklarda biiyiik problem

yasamadiklarini, sehirdeki siiriiciilerin
kendilerine saygili davrandiklarini ifade
etmiglerdir.

s

—

Sekil 9. SDU Arastirma Hastanesi diizenlenecek acil girisi (Senaryo 3).

Fakat, yasadiklar1  problemin
bliytigiiniin giris
cakismalar oldugunu belirtmislerdir.

en

acil kapisindaki

SEA hastanesi mevcut durumdaki acil
girisi simiilasyonu gerceklestirilmistir
(Sekil 10- Simiilasyon 4). Hastanesinin
acil giris kapsinin saginda ve solunda
misafir ve  personel otoparklari
Ek olarak hasta acil
kapisi da bu bolgede oldugu igin acile
gelen hastalar ve yatakli hasta ve
yakinlar1 da bu kapiy1 kullanmaktadir.
Ambulans yol giizergahi iizerinde, park
halinde bulunan araglar ve yogun yaya
hareketliligi goriilmektedir. Ayrica acil
giris Oniinde
yapacagl yerde de arag¢ parklart soz
konusu olmaktadir. Hastane yonetimi
bu problemi kendi 6zelinde, ambulansin

bulunmaktadir.

ambulansin manevra
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manevra yapacagl bolgelere ara¢ park
biiytik ¢icek
saksilar1 koymustur. Bu yontem arag
parklanmasini Onlese de ambulansin
manevra yapacag alani kisitlamaktadir.
Simiilasyon 4'te (Sekil 10) ambulans
doniisleri icin kullanilan en uygun hiz
degerleri, 10 ve 20km/st olmustur.

yapilmamas1 amaciyla

Daha yiiksek hizlarda doniiste bordiir
veya kaldirim gecisler
olusmaktadir. Ayrica ambulans mevcut
hastane girisine geldiginde, otoparktan
¢ikan, otoparka veya acile gitmeye
calisan hasta ve personel araglarryla dort
farkli cakisma noktasi olusturmaktadir
(Sekil 11). Bu nedenle giristeki ambulans
hiz1 10 ve 20 km/st gibi diisiik degerler
olmalidir. Arazi incelemesinde de daha
yiiksek hizda giris yapan ambulanslarin

lsti
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diger aracglarla hem c¢akistigt hem de  Senaryo 5'te (Sekil 12) hizin 30 ve 40
manevra sirasinda park halindeki km/st olmasi durumunda ambulansin
araglara carpma seklinde olumsuz  hareketleri simiile edilmistir.
durumlarin gergeklestigi goriilmiistiir.

e i
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Sekil 11. SEA Hastanesi mevcut acil girisi ¢akismalar.
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Ambulans bu hizlarda ana yoldan tali
yola glivenli bir sekilde

donememektedir. Yol kenarinda park
halinde bulunan araglara ve kaldirim
carparak

bordiirlerine doniis

saglayabilmektedir. Ek olarak, acil
girisin oniinden de giivenli manevra ile
doniis saglanmamakta, hastane binasina

¢arpma durumu s6z konusu olmaktadir.

Sekil 12. SEA Hastanesi mevcut acil girisi (senaryo 5).

Sonug olarak mevcut giris yolunun

sadece ambulansa uygun olarak
ayrilmamais olmast istenmeyen
durumlarla siklikla karsilagiimasina

neden olmaktadir. Mevcut durum ve
incelenen literatiir dikkate alindiginda

acil girisinde sadece ambulansin

kullanabilecegi diger araglarla ¢akisma
yasamayacagl, hastane girisi ve ¢ikisinin

farkli  kapidan saglanabilecegi bir
ambulans yolu Onerisi diisiiniilerek
Senaryo 6 denemeleri

gerceklestirilmistir (Sekil 13)
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Bu ¢izimde gorildiigl {izere ambulans
yolu diger araclardan ayrilmis sadece
ambulansin  kullanabilecegi bir yol
diisiiniilmiistiir (Sekil 13). Boylece arag
¢akismalarinin oniine gegilebilmis; kisa
siirede giris yapilmasi ve manevra
yapmadan cikistan gecilmesi
saglanmistir. Senaryo 6 ya ek olarak
hastane  girislerinin  diizenlenmesi
onerilebilir. Ornegin Sekil 14’teki gibi

P

\' (Ioparﬂ

')q.

| ¢
s

S
‘

poliklinik ve hastane ana giris kapisina
ek bir kap1 acilmasi ambulans giris
¢ikisinin  ayrilmasi, diger otoparklara
girislerin hastanenin diger yanindan
yapilmasi Onerilmistir. Bu sayede acil
giris yolunun bulundugu yan yol trafigi
hafifleyecek ambulans giivenli bir
sekilde diger araglarla fazla cakisma
yasamadan acile ulasabilecektir.

Sekil 14. SEA Hastanes1 giris ve g1k1§ kap11ar1 diizenlemeleri 6rnegi.

Tablo 2. Senaryolarin sonucunda elde edilen bulgular.

Ort.
Ort. Serit Ort. - .
Senaryo fmi [.\.«Ia:levra Genigligi Kavgak Kol Bordiire Maks Min
No Doéniig Kurp Carpma Hiz Hiz
(m) Agisi (derece)
Capi1 (m)
1 Meveut 16 5 95 Yok 20 10
Durum SDU N N
Yeni Giris1-
2 SDUT 20 3+3 95 Var 20 10
Yeni Girig2-
3 SDU 25 3+3 95 Yok 40 10
(Onerilen)
Mevcut
4 Durum SEA 13 7.5 85 Var 20 10
Yeni Giris1-
5 SEA 12 5 85 Var 20 10
Yeni Giris2-
6 _SEA 25 5 88 Yok 40 10
(Onerilen)
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4. Tartisma ve Sonug

Bu calisma, ambulans giris yollarinin

trafik akist ve manevra kabiliyeti
agisindan tasarim kriterlerine
uygunlugunu  belirlemek amaciyla
simiilasyon  tabanli  bir  analiz
sunmaktadir. Elde edilen bulgular,

hastane igi trafik yogunluguna maruz
kalmadan bagimsiz hareket edebilen
ambulans giris

planlanmasinuin  kritik bir
oldugunu ortaya koymustur.

yollarmin
gereklilik

Arazi incelemeleri, alinan Sl¢tiimler ve

simiilasyonlar sonucunda, ambulans
giris yollarinda trafik akisini zorlagtiran
gesitli  unsurlarin  oldugu  tespit
edilmistir. Ozellikle SEA Hastanesi'nin
mevcut diizeninde ambulans giris ve
¢ikislariin tek bir noktadan saglanmasi,
yaya hareketliliginin yogunlugu ve yol
kenarmna park eden araglarin manevra
daraltmasi,
zorlastirarak operasyonel
azaltmaktadir. Zamana karsi yarisilan
acil vakalarda, diger araglarin veya
birden fazla ambulansin es zamanh

giris-¢ikis yapmasi gereken durumlarda

alanin giivenli  doniisii

verimliligi

cakismalar kacinilmaz hale gelmekte ve
bu da acil miidahale siirecinde ciddi
zaman kayiplarina yol agmaktadir.

Simiilasyon sonuglari, mevcut tasarimin
ambulans hareketlerini kisitladigim ve
hiz distriildiigiinde dahi  yapisal
eksikliklerin bu olumsuzluklar1 tam
anlamiyla  ortadan  kaldirmadigin
gostermistir.  Bu  baglamda, SEA
Hastanesi ic¢in Onerilen yeni ayrilmis
giris  yolu
(Senaryo 6), ambulanslarin bagimsiz bir
yol
saglayarak operasyonel giivenligi ve hiz1

ambulans diizenlemesi

tizerinden giris-cikis yapmasini
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artirma potansiyeline sahiptir. Benzer
sekilde, SDU Arastirma ve Uygulama
Hastanesi’'nin mevcut ambulans giris
yolu da artan hasta yogunlugu
nedeniyle yetersiz hale gelmistir. Dar
giris yollari, diizensiz park alanlar1 ve
ters yatay kurp gibi unsurlar ambulans
manevralarini kisitlamakta ve girig-¢ikis
siireclerinde gecikmelere neden
olmaktadir. Onerilen Senaryo 3, geri
manevra ihtiyacini ortadan kaldirarak
hasta transfer siirecini hizlandirmakta
ve glivenligi artirmaktadir.
Simiilasyon c¢alismalar1 kapsaminda,
ambulanslarin farkli hizlarda giivenli
doniis yapabilmeleri icin gerekli olan
minimum doniis ¢aplar1 ve manevra
alanlar1 belirlenmistir. Ozellikle yiiksek
hizlarda giivenli manevra imkan sunan
tasarimlarin, ambulans trafigi acisindan
onemli bir avantaj sagladig1 tespit
edilmistir. Bu kapsamda yapilan
degerlendirmeler  sonucunda, SDU
Hastanesi igin Senaryo 3 ve SEA
Hastanesi icin Senaryo 6 en uygun
senaryolar olarak belirlenmistir.

3 6'da,
ambulanslarin 40 km/s hizla manevra
yaparken dahi yol kenari bordiirlerine
carpmadan ve serit disina tasmadan
bir  sekilde
tamamladiklar1 goriilmiistiir (Tablo 2).
Ozellikle, senaryolarda
ortalama doniis capmin 25 metreye
¢ikarilmasi alanlarinin
genisletilmesi sayesinde, daha akic1 ve
gliivenli  bir ambulans  hareketi
saglanmustir. karsiik, diger
senaryolarda ambulanslar 20 km/s gibi
daha dusiik hizlarda bile bordiirlere

Senaryo ve  Senaryo

dontiglerini  glivenli
onerilen bu

ve manevra

Buna
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temas etmis, bu da mevcut tasarimlarin
yetersizligini ortaya koymustur.

Tablodan da goriildiigii tizere, mevcut
diizenlemelerde (Senaryo 1 ve 4)
maksimum giivenli ambulans hizi 20
km/s ile sinirh iken, Onerilen Senaryo 3
ve Senaryo 6'da bu hiz 40 km/s'ye
¢ikarilmis ve bordiir carpmas: tamamen
onlenmistir. Ayrica, dnerilen senaryolar
sayesinde ambulans yollarindaki diger
araglarla yasanan olasi cakigsmalar da
ortadan  kaldirilmis boylece
operasyonel giivenlik ve trafik akicilig:
onemli dlglide artirillmistir. Bu bulgular,

ve

onerilen tasarimlarin yalnizca geometrik
acidan degil, aym trafik
glvenligi ve operasyonel etkinlik
agisindan da gliglii  bir  ¢6ziim
sundugunu gostermektedir.

zamanda

Simiilasyon c¢alismalar1  sonucunda

asagidaki temel Oneriler gelistirilmistir:

SEA Hastanesi i¢in Onerilen yeni
giris  diizenlemesi
(Senaryo 6), ambulans yollarinm
diger  araglardan
glvenli giris-cikislar1 miimkiin
kilmaktadir.

SDU Arastirma ve Uygulama
Hastanesi icin onerilen yeni acil
giris yolu tasarimi (Senaryo 3),

ambulans

ayirarak

ambulanslarin hizli ve giivenli
bir sekilde hastaneye erisimini
saglayacak sekilde
olusturulmustur.

SDU Tip Fakiiltesi'nin yeni acil
girisinin bulundugu anayolun
cift seritli bolinmemis
yapida olmasi, orta refiij ile
ayrilarak boliinmiis yol haline

ve

getirilmesini gerektirmektedir.
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Ayn1 tasarim prensibi, SEA

onerilmektedir.

Ambulans yollarinin  belirgin
hale getirilmesi amacryla anayol
boyunca ve giris yollarinda
farkli renk boya uygulamalari
yapilmasi Onerilmektedir.
Ogzellikle kavsak doniislerinde
ambulans geritlerinin bisiklet
yollarinda oldugu gibi net bir

sekilde isaretlenmesi, trafik
akisini diizenleyerek giivenligi
artiracaktir.

SDU Hastanesi'nin yeni acil
girisinin yer aldigi ana yol
tizerinde bulunan dort kollu
kavsak diizenlemesinin yeniden
degerlendirilmesi
gerekmektedir.
girisinin dogrudan bu kavsak
icine verilmemesi icin alternatif
tasarimlar distiniilmelidir.

Universite

Gelecekte saha testleri ile simiilasyon
sonuglarinin karsilastirilmasi agisindan
giris yollar1 olusturulduktan sonra kisa
siireli gozlemsel calismalar yapilabilir.
Literatiirde ambulans giris yollar igin
kapsamli tasarim standartlarmin eksik
oldugu goriilmektedir ve bu boslugun
giderilmesi ancak
programlari

simiilasyon
ile desteklenmis saha
testleri ile saglanabilir. Hastanelerde
ambulans  yollarmin  planlanmasi
siirecinde, hasta yogunlugu, arag
cakigsmalar1 ve trafik akisma yonelik
gercek
oncesi

saha verilerinin simiilasyon
calismalara entegre edilmesi

Onem arz etmektedir.

Bu calismada yalmizca ambulanslarin
hastaneye giris yollar1 analiz edilmistir.
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Ancak, SDU Hastanesi dniindeki anayol

kavsagmin diizenlenmesi ve SEA
Hastanesi’'ndeki anayolun giivenlik
agisindan detayl olarak
degerlendirilmesi gerektigi sonucuna
varilmistir. Bu nedenle, gelecekte

yapilacak calismalarda yalnizca hastane
i¢i yol diizenlemeleri degil, cevresel yol
baglantilar: ve trafik akisi da goz 6niinde
bulundurulmalidir.

Sonug olarak, ambulans giris yollarimin
etkin bir sekilde planlanmasi, yalnizca
trafik akisii diizenlemekle kalmaz, aym
zamanda hasta giivenligini artirarak acil
midahalelerin  basarisini
etkiler. Bu  calismada
diizenlemeler, yalmzca SDU Aragtirma
Hastanesi ile SEA
Hastanesi icin degil, benzer trafik ve
manevra problemleri yasayan diger
saglik tesisleri i¢in de uygulanabilir
niteliktedir. Gelecekte, miihendislik
temelli tasarim ¢ozlimleri ile akill
ulasim teknolojilerinin birlestirilmesi,
daha giivenli ve siirdiiriilebilir hastane
ulasim altyapilarinin  gelistirilmesine
katk: saglayacaktir.

dogrudan
Onerilen

ve Uygulama

Etik Standartlar Bildirgesi

Bu calisma kapsaminda ambulans softrleri ile
miilakatta kullanilan olas1 hiz degerleri alinmustir,
katiimalar goniillii olarak aragtirmaya dahil
edilmigtir. Miilakat stirecinde, katilimcilarin
kimlikleri gizli tutulmus ve elde edilen veriler
anonimlestirilerek degerlendirilmistir.

Bu calismada, etik kurul onayr gerektiren bir
durum bulunmamaktadir. Yazarlar, bu ¢alisma ile
ilgili herhangi bir ¢ikar ¢atismas1 bulunmadigini
beyan etmektedir.

Yazarlik Katki Beyani

Yazar 1: Kavramsallastirma, Metodoloji, Analiz
ve Yorumlama, Yazma (Orijinal Taslak
Olusturma)

Yazar 2: Arastirma,

Yazma (inceleme ve

Diizenleme) ve Gorsellestirme
Cikar Catismasi Beyam

Yazarlarin bu makalenin igerigiyle ilgili olarak
beyan edecekleri higbir ¢ikar ¢atismasi yoktur.

Verilerin Kullanilabilirligi

Bu calisma sirasinda olusturulan veya analiz
edilen tiim veriler, yaymlanan bu makaleye dahil
edilmistir.
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Abstract

The settlements in Thrace have hosted various communities since prehistoric times. From
600 AD, the Roman Empire ruled the region, leaving behind numerous architectural
structures. Among these, the one that stands out is Via Militaris, a military road
connecting Rome to Constantinople via Belgrade (Singidunum). This route remained in
use for nearly 2,000 years and was later repaired and maintained by the Ottoman Empire.
Travelers’ records from the 13th and 14th centuries confirm that Via Militaris was well-
preserved, with bridges built and repaired over time. Given the strategic importance of
Thrace, bridge construction likely started early, especially across rivers in the Ergene
Basin. The Biiyiikkaristiran Bridge, reflecting classical 16th-century Ottoman architectural
features, is attributed to Sinan the Architect in monument inventories. However, a
reevaluation suggests its origins might predate Sinan’s era due to the region’s military and
economic significance. Its complex structure indicates major renovations during the 16th
century. This study documents the bridge’s deterioration that have been altered by
interventions carried out during different periods and presents a restoration project
designed to guide future conservation efforts. The restoration project aims to preserve the
structure’s original characteristics, ensuring they are passed on to future generations.
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Via Militaris’ten Osmanli Dénemine: Biiyiikkaristiran
Kopriisii Icin Kisa Bir Tarih¢e ve Restorasyon Onerisi

Oz

Trakya’daki yerlesimler, tarih oncesi donemlerden itibaren farkli topluluklara ev
sahipligi yapmugtir. MS 600 yilindan itibaren bolgeyi yoneten Roma Imparatorlugu,
birgok mimari yap1r birakmistir. Bunlarin arasinda one ¢ikan, Via Militaris olarak
bilinen ve Roma’dan Konstantinopolis’e Belgrad (Singidunum) {izerinden uzanan
askeri yoldur. Yaklasik 2.000 yil boyunca kullanilan bu giizergah, Osmanl
Imparatorlugu tarafindan da onarilmis ve korunmustur. 13. ve 14. yiizyila ait seyyah
kayitlary, Via Militaris’in iyi durumda oldugunu, kopriilerin insa edilip belirli
donemlerde onarildigini gostermektedir. Trakyanin stratejik onemi goz oniine
alindiginda, koprii insaatlarmin erken donemde basladigr ve ozellikle Ergene
Havzas1 iizerindeki nehirler boyunca kopriilerin insa edildigi diistiniilebilir.
Biiyiikkaristiran Kopriisi, klasik 16. yiizyil Osmanh mimari 6zelliklerini yansitmakta
olup, amt envanterlerinde Mimar Sinan’a atfedilmektedir. Ancak, yapilan
degerlendirmeler, kopriiniin yalnizca mimari tislubuna dayanarak degil, bolgenin
askeri ve ekonomik Onemine bagl olarak Sinan Oncesi doneme ait olabilecegini
diistindiirmektedir. Kopriiniin karmasik yapisi, 16. yiizyilda kapsamli onarimlar
gecirdigine isaret etmektedir. Bu ¢alisma, kopriiniin hasarli ve farkli donemlerde
yapilan miidahaleler sonucu degisime ugramus boliimlerini belgeleyerek, gelecekteki
koruma caligmalarma rehberlik edecek bir restorasyon projesi ortaya koymaktadir.
Restorasyon projesi ile yapmin 6zgiin niteliklerinin korunarak gelecek kusaklara
aktarilmasi hedeflemektedir.

Anahtar kelimeler: Biiyiikkaristiran Kopriisii, Restorasyon, Mimar Sinan, Via Militaris,
Kiiltiir Varlig:
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1. Introduction

Historical bridges represent a vital
component of the built heritage, offering
insight into the architectural capabilities,
infrastructural planning, and settlement
patterns of past civilizations. Ottoman
bridges, in particular, reflect not only
technical and architectural
accomplishments  but also  the
sociopolitical and economic mechanisms
through which the empire connected its
administrative and commercial
networks. Despite their recognized
cultural value, many of these structures
today face various forms of deterioration
due to environmental factors, neglect,
and incompatible restoration efforts
(Feilden, 2003).

The Biiytikkaristiran Bridge, situated in
the Thrace region of Turkey along the
historic Via Militaris route, is among
these neglected monuments. Although
often attributed to Mimar Sinan in
heritage inventories,
documentary evidence supports this
claim. Strategically located between
Istanbul and the Balkan hinterland, the
bridge has served as a key transportation

no definitive

link for centuries. Nevertheless, a
comprehensive academic study or
technically = grounded  restoration

proposal has not yet been developed.

While international literature on the
of  historic  bridges
increasingly emphasizes the integration

conservation

of structural historical
context, and stakeholder participation
(Feilden & Jokilehto, 1998; ICOMOS
ISCARSAH, 2005), heritage structures

located in transitional or peripheral

diagnostics,
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zones—such as Thrace —remain

underrepresented in scholarly

discussions.

In response to this gap, the present study
proposes modern  restoration
framework for the Biiyiikkaristiran
Bridge, grounded in both historical
inquiry and technical analysis. The

a

investigation is structured around two
main components:

literature-based research that
contextualizes the bridge within
Ottoman
conservation theory;

an on-site architectural survey
that its current
condition. these
components form the basis for

infrastructure and

documents
Together,

an evidence-based restoration

proposal aligned with
international conservation
standards.

This research ultimately aims to address
the following question: “How can the
Biiyiikkaristiran Bridge be conserved in
a way that respects its historical context
while ensuring long-term structural and
perceptual sustainability”

2. Research Aim and Methodology

This study undertakes a comprehensive
evaluation of the Biiyiikkaristiran Bridge
as both a tangible cultural heritage asset
and a structural artifact embedded
within its geographical, historical, and
The primary
objectives of the research are:

architectural context.
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historical
bridge
archival

to elucidate the
significance the
through systematic
inquiry and critical literature
analysis;

to document and assess the
current

of

architectural  and
material condition of the
structure through advanced
surveying technologies;

to of
deterioration, structural
vulnerabilities, past
interventions that may have

the  bridge’s

identify ~ patterns

and

compromised
original fabric;
to formulate a set of restoration
conservation  strategies
aligned with internationally
recognized heritage charters;

and

and
to enhance the
perceptual visibility

cultural relevance within

bridge’s
and
its
contemporary urban-industrial
setting.

To fulfill these objectives, the study

adopts a multidisciplinary
methodological framework that
integrates historical research,
architectural survey, visual

documentation, and diagnostic analysis.
The archival investigation encompassed
both
repositories, including the Turkish State
Archives, the Edirne Regional Council
for the Conservation of Cultural
Heritage, the Bibliotheque Nationale de
France, the Library of Congress (USA),
the Atatiirk Library of the Istanbul
Metropolitan the
University of Toronto Library, and the

national and international

Municipality,
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Istanbul Technical University Faculty of

Architecture Library. In addition,
Ottoman-era cartographic materials
were consulted to contextualize the
structure within its broader

infrastructural network.

The fieldwork component was carried
out between February 18 and 21, 2017,
utilizing high-resolution digital
measurement tools such as the Leica
Total Station (theodolite) and Faro 3D
Laser These technologies
facilitated the production of precise
architectural documentation, including
three-dimensional models and plan-
elevation sections. Visual inspection and
photographic ~ documentation
employed to record surface damage,
material loss, and incompatible repairs.

Scanner.

were

The analytical findings informed the
development of a restoration proposal
structured in accordance with the
principles of the Venice Charter (1964)
and the Nara Document on Authenticity
(1994), with particular emphasis on
reversibility, material compatibility, and
minimal intervention.

3. Discussion

To propose contemporary restoration
plans effectively, it is imperative to
analyze the bridge’s current condition
thoroughly. This
encompasses geographical, historical,
and morphological examinations,
drawing insights from both literature
research and on-site survey findings.

discussion
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3.1. Geographical Condition

The Biiyiikkaristiran Bridge is situated
in the Biiylikkaristiran town of the
Liileburgaz district, within the Kirklareli
province, adjacent to the Yuvali Creek.
Administratively, the town is affiliated
with  the Liileburgaz district,

approximately 25 kilometers away.

Access to Biiytkkaristiran town is
facilitated via the TEM (European
Highway) from the north, as well as the
D-100 (Istanbul-Edirne Highway) (see
Fig. 1).

Flgure 1. Highways and Location Map
(Min.
Urbanization).

of Environment and

Figure 2. Aerial photo showing the
location of the bridge within the
district.

Within this settlement plan, the
Biiyiikkaristiran Bridge is located on the
east-west axis. To the west and east of

the Biiylikkaristiran Town, industrial
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facilities are present. Historically, the
bridge was actively utilized along a
trajectory parallel to the D-100 highway
until the 1970s; however, its traffic
volume diminished following the
construction of the D-100 highway.
Notably, Creek experiences
periodic overflow, particularly during
winter months, inundating the vicinity,
including the bridge. In 2012, the town
center endured significant damage due
to extensive flooding in the region, as
documented by the Ministry of
Environment and Urbanization in 2016.
Consequently, berm walls were erected,
and elevation  differences
heightened, making the bridge appear
smaller than its original dimensions.
Moreover, alterations in the original
elevation levels have led certain bridge
sections to submerge below ground
level. Restoration efforts to address these
submerged arches appear  to
compromise the bridge’s original
architectural integrity, as evidenced by
comparison with historical photographs
(see Fig. 23, 24, 25).

Yuvali

were

3.2. Pre-Roman Era

Archaeological research indicates that
the Thracian lands did not exhibit
evidence  of  hosting  historical
settlements until the corresponding
period from the late Chalcolithic Period
to the Early Bronze Age (around late
4000 B.C.) (Beksag, 2007). While Thracian
traces of permanent settlements are
discernible through the invasions of
Thracian colonies, the Biiyiikkaristiran
region does not bear such traces.
Thracian colonies, mentioned as allies of
the Trojans in Homer’s Iliad, are known
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to have established settlements in
various
spanning approximately 1000-800 B.C.
According to Beksag (2007), among these
colonies, the most notable are Astaies

and Odrys.

regions during the period

Yildirrm contends that the Astaies
established settlements in the northern
part of the region, specifically around
the Yildiz Mountains. Byze (Vize) city
emerges as a significant economic hub of
the Astai civilization. Conversely, the
Odrysians settled in the southern part of
the region, spanning between the Tunca
Valley and the seashore, designating
Heraion Teichos city as their capital
(Yildirim, 2008).

The Biiyiikkaristiran region, known as
Druispara in ancient maps, assumed
significance as the road connecting the
two major centers, Byzye and Heraion
Teichos, traversed through
Biiyiikkaristiran (Drusipara) (see Fig.4).
Alongside remnants of ancient buildings
dating to this period, the area also
features tumuli believed to belong to the
princes of the Odrysians (Demir, 2016).

Figure 3. Biyiikkarigtiran Tumulus
(Heritage Records, Ministry of
Culture).
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Figure 4. Regional map of the 6th
Century (Singleton,1989).
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Figure 5. Miniature of the Karisdiran
War (Topkapi Palace Museum,
Treasury 1597-8,44a).

The first Greek colonies emerged in the
region around 800-700 B.C., leading to a
decline in Thracian influence. By 514
B.C., the region fell under Persian
domination. With the establishment of a
feudal structure by the Thracians, the
region came under Macedonian rule in
333 B.C,, following the departure of the
Thrace
Macedonian

remained under
following
occupation during Alexander the Great’s
eastern expedition, persisting until the

Roman period (Beksag, 2007).

Persians.

control its
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3.3. Roman Empire Period

Following the Macedonian civilization,
the Roman Empire controlled the region
until the 6th century, despite periodic
uprisings.  According to
Singleton (1989), the construction of the
Via Militaris, dating back to the 1st
played a pivotal role in
enhancing socio-economic activities in

Thracian

century,

the surrounding cities by establishing a
direct connection to Rome. The Romans
standardized travel time and distance
along the Via Militaris, ensuring
uniformity throughout the route. Rest
centers were strategically positioned at
18 Roman mile intervals, serving as safe
accommodation areas and horse change
stations (Beksag, 2007). In his book
“Belgrade Istanbul Roman Military
Road,” Dr. Konstantin Yosif Iregek
asserts that “Narcum was reached from
the transfer stop to Durusipara (or
Drizipera), a nearby fourth night
mansion. It was reached in a village on
an old and often cited hill near today’s
Biiyiikkaristiran, where the hunting
lodges of the old sultans were located.
During the time of Emperor Maximilian,
St. Alexander, a Roman soldier who was
tortured, died in Druzipara. Later, his
body was buried in a magnificent church
and was highly respected by all Thracian
faithholders. (...) The name Druzipara
perhaps only meant ‘City of The Odris’.
(...) 40 creeks and river crossings until
Druzipara, 85 creeks and river crossings
until Istanbul, all of which are equipped
with beautiful bridges in the Roman
era.” (Irecek, 1990) The covering of the
Via Militaris Road with asphalt presents
challenges in identifying authentic traces
in the Thracian segment of the road
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today. However, Greek, Macedonian,
and Serbian researchers have conducted
academic the
structural layout and measurements of
the road on a local scale.

studies to ascertain

3.4. Ottoman Empire Period

During the Ottoman period,
Biiyiikkaristiran retained its significance
inherited from Roman times. It served as
an essential accommodation center,
leveraging the utilization of Roman
roads throughout the Ottoman era. The
Ottomans established the Via Militaris,
one of the three primary routes used in
European voyages, with
Biiylikkaristiran as a pivotal point.
Ottoman administrations consistently
repaired and utilized existing roads until
the mid-19th century, often augmenting
them with additional features or
reinforcements to maintain the integrity
of the Roman route (Kilig, 2014). Corlu,
encompassing  Biiyiikkaristiran
Liileburgaz, was conquered in 1357 by
Orhan Gazi with Suleyman Pasha
(Uzuncarsili, 1996). Following Sultan
Bayezid I's covenant not to declare a

and

crown prince by abstaining from
choosing between Sehzade Selim and
Sehzade Ahmet, the Janissaries and the
populace exhibited divisions based on
the cities they supported.

Literary sources indicate that the
Karistiran region hosted numerous
significant battles during the Ottoman
Period, particularly the battle known as
the “Karisdiran War” that took place
between the Sultan’s sons in 1511 (see
Figure 5) (Uzuncarsili, 1996). However,
it remains unclear whether this tragic
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battle definitively bestowed the name
Biiyiikkaristiran upon the region.

Due to the active utilization of Edirne
Palace tandem with Istanbul
following the conquest and ongoing
expeditions to the Balkans facilitated by
the remnants of the Via Militaris, the
Roman-era accommodation function in
Biiyiikkaristiran  persisted into the
Ottoman period, accompanied by the
hunting palace.
Although the precise construction date
of the hunting palace remains uncertain,
the earliest archival source related to
zoning activities dates back to 1540-1550
(Gliven and Hergiiner, 1999). In his
renowned journals, Evliya Celebi notes
that Karistiran is a well-established
village originally named Karistiran Hani
Village, boasting 100 houses,
accommodation building (Khan), and a
mosque. He also provides insights into
the soil composition, describing it as
exceedingly sticky, to the extent that
even the strongest animals, such as
elephants, Adana  buffalo, and
Anatolian, cannot avoid becoming stuck
(Kahraman and Dagli, 2003). Evliya
Celebi’s accounts, while primarily based
on observations and oral legends, may
not be considered definitive scientific
evidence regarding the origin of the
region’s
acknowledging the significance of oral
traditions as integral components of
cultural heritage, we can view his claim
as valuable evidence pertaining to the

in

construction of a

one

name. However,

historical heritage of the region. While
not scientifically verifiable in the strictest
sense, such oral accounts contribute to
our understanding of the cultural and
historical

context surrounding
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Biiyilikkaristiran and its evolution over
time.

Numerous claims exist regarding the
original name of the region. Claude
Ptolemy depicts Karigtiran town as
Drusira on his map dated 1535 (see
Figure 6), while Gerard Mercator’s map
from 1584 refers to the region as
Durusipara (see Figure 7). Additionally,
Thracian Veteris labels the town as
Durusipara on his 1585 map, indicating
military usage with a symbol near the
town (see Figure 8). Furthermore,
HNlyricum Orientis” updated map also
shows a significant mosque near the

military range (BNF, n.d.). These
historical maps provide valuable
insights into the various names

associated with the region throughout
history.

Figure 6. Ptolomee’s map dated 1535
(BNF, 1535, 1b52504494).

The name Karisdiran first appears on
Gottfried Jacob Haupt's map dated 1737,
which features the same range/fortress
icon (see Fig. 9), similar to Hauptmans’s
map in 1787 (see Fig. 10). However,
Johann Gottlieb refers to the town as
Bolovana in his 1750 map (see Fig. 11).



From Via Militaris to Ottoman Times: A Brief History and A Restoration Proposal for the Biiyiikkaristiran Bridge

. > &

Figure 7. Mercator’ map dated 1584
(BNF, 1584, 1b59639433).

Figure 8. Veteris’ map dated 1585 (BNF,
1585, 1b59621494).

Conversely, Tabula  Peutingeriana
names Biiyiikkaristiran as Brysipara in a
map from 1753, which also depicts traces
of the Via Militaris (see Figure 12).

Figure 9. Orientis map dated 1590
(BNF,1b5973175k).
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Figure 10. Haupt’s map dated 1787
(BNF, 1737, 1b53093440).

Figure 11. Gottlieb’s map dated 1750
(BNF, 1750, 1b5309340).

These various maps provide additional
perspectives on the historical names
associated ~ with  Biiyiikkaristiran
throughout different periods.

In the Austria map dated 1832,
Biiylikkaristiran is referred to as
Karischtiran (see Fig. 13). Subsequently,
it is finally named Karigtiran in the
Ottoman railway map of 1895, marking
the first instance of this name (see Fig.
14) (Erkan-1 Harbiyye-i, 1887). The name
Karigtiran is also encountered in the
Ottoman Military map dated 1901 (BOA,
HRT 2174). These maps document the
evolution of the name associated with
Bitytikkaristiran over time.
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Literary sources indicate that following
the Second Balkan War, Balkan-Turkish
refugees immigrated to Istanbul via
Biiyiikkaristiran, where they also
temporarily accommodated in the town.
This indicates that the old military
accommodation center belonging to the
region continued to be utilized into the
early 20th century (Baldwin, 1913).
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Figure 12. Peutingeriana’s Map dated
1753 (BNF, 1753, 1b5962147).
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Figure 13. Austria Map dated 1832 (BNF,
1832, 1b596342).

Figure 14. Ottoman Railways Map dated
1895 (State archives, HRT-2174).

3.5. The Turkish Republic Period

In 1937, a portion of the military
exercises was conducted in
Biiylikkaristiran and its surrounding
areas as part of the Great Thrace
Manuevers (Demir, 2016). Mustafa
Kemal Atatiirk, the esteemed leader of
the Turkish Republic, utilized the
Biiyiikkaristiran primary school as a
commanding center for
operations and visited Biiyiikkaristiran
on numerous occasions (Cumhuriyet
Newspaper, 18.08.1937).

military

The European (London) motorway,
planned and built between 1960 and
1970, was designed on a new route. Until
this date, the road was actively used for
various repairs, as in the Ottoman
period.

By altering the route, the bridge has
relinquished its primary function of
transportation, which it has served for
Consequently, it has
diminished in significance and has been
left in a state of disrepair.

centuries.

3.6. Surrounding Historical Buildings

Under this heading, structures built in
the vicinity of the bridge in different
periods and which could not maintain
their integrity are examined under
certain sub-headings.

3.6.1. The Hunting Mansion
Hunting, a favored pastime among the

Sultans and their contemporaries,
including high-ranking soldiers and
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bureaucrats, contributed to the allure of
the Thrace region. Its proximity to
hunting  grounds
proximity to both palaces rendered it
particularly appealing. It is noted that
short-term hunting trips often led to

abundant and

Catalca and Biyiikkaristiran, while
longer-term royal hunts typically
extended to Edirne (Gliven and

Hergtiner, 1999).

Despite the uncertainty surrounding its
construction date, discussions persist
regarding the existence of historical
hunting lodges in Karigtiran. However,
concrete the
establishment of a genuine hunting
palace by Sultan Ava Mehmet in 1681.
Archive records reveal that this palace
remained 1840
underwent periodic repairs over time
(Gliven and Hergtiner, 1999).

evidence  indicates

in use until and

3.6.2. Riistem Pasha Zoning

It evident that Rustem Pasha
commissioned the construction of a

mosque, a caravanserai, a large inn, a

is

guest house (tabhane), and a hammam
building in Biiyiikkaristiran due to the
town’s strategic location as a crossing
point to the Edirne Palace and the
Balkan-European lands (see Fig. 15).
However, the caravanserai, innyard, and
guesthouse have been periodically
demolished for reasons unknown,
leaving no trace of these buildings
except in literary sources (Kiigiikkaya,
1990). Additionally, the mosque fell into
ruin by 1938-40, and a new mosque was
constructed by reusing some of the main
walls of the original mosque.
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Figure 15. Plans of Ristem Pasha
Guesthouse (Kervansaray) with
its mosque (Kiigtikkaya, 1990).

Figure 16. Water gauges in
Biiyiikkaristiran (Ayberkin,
2016).

Furthermore, relics belonging to three
water gauges have been discovered,
indicating the water transmission to the
hammam building during surveys (see
Fig. 16).

Archival that
renovation efforts were periodically
undertaken to reconstruct the Rustem
Pacha
(Demir, 2016). However, it is asserted
that the Horhor Fountain, located in the
town, is a rebuilt version of the original

records indicate

caravanserai and waterways
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Rustem Pacha fountain. Survey studies
reveal that the fountain was constructed
by the Ministry in 1938, as indicated by
its epigraph.

3.6.3. The Water Gauges

Water gauges are structures designed to
distribute the water flowing towards the
city with the natural slope of the
waterways, adjusting the pressure and
flow rate in a controlled manner.
Typically constructed using rubble stone
and lime mortar, they form narrowing
towers. Water gauges, which are an
essential part of the historical Byzantine
waterway, carry water to the Capital,
Istanbul, and they are located on the
southeast side of the town. The stone
masonry  of has
significantly deteriorated over time.
Dating back to the 3rd to 4th centuries,
these  structures  were  officially
recognized as heritage sites by the
Heritage Board of Edirne in 1991 (Edirne
Board of Cultural Heritage, 2017).

these  towers

4. Architectural Characteristics of the
Bridge

The  Biiyiikkaristiran  Bridge  is
constructed with seven arches and
boasts a total length of 45.32 meters and
a total width of 5.40 meters. The bridge
slabs are curved with a 5% slope on both
sides, and the height of the largest arch
varies from 3 meters to 4.50 meters. The
arches are built 7 cm inwards from the
spandrel walls. However, it is noted that
the parapets of the bridge have been
improperly renovated with concrete,
resulting in a height of 0.45 meters (see
Fig. 17).
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Figure 17. Biiyiikkaristiran Bridge
Northern side view (Ayberkin,
2017).

In historical photographs of the bridge,
the floor slab/roadway was depicted as
being paved with marble, whereas
today, it is covered with asphalt (see Fig.
22-24). Stone gutters are present on both
the downstream and upstream facades;
however, their authenticity cannot be
definitively determined. Additionally,
recently added wing walls have been
installed at the east and west ends of the
bridge. Deformations are evident on the
roadway and asphalt surface, with
structural cracks observed inside the
arches and vaults (see Fig. 18-19).
Despite exhibiting characteristic features
of classical Ottoman architecture, precise
data regarding the year of construction
remains elusive. However, owing to
these distinctive features, there exists a
possibility that the bridge underwent
comprehensive repairs or reconstruction
between the 15th and 16th centuries.

4.1. The Arches/Barrels
The bridge span

arches/barrels constructed with ashlar
and rubble backing stonework, bonded

Comprises seven

with lime mortar joints. These
arches/barrels are constructed in a
semicircular form. However, some

concrete joints are present because of
improper repair work.
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Figure 18. The architectural details of

Biiyiikkaristiran Bridge
(Ayberkin, 2018).
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Figure 19. The arch details of
Biiyiikkaristiran ~ Bridge  (Ayberkin,
2018).

Within the arch vaults/barrels, carbon
deposits, cement repairs, and signs of
vandalism are observed. The
arches/barrels are also numbered on the
West to East axis (see Fig. 17, 20).

4.1.1. Arch/Barrel - 1

Arch/Barrel-1, located at the western end
of the bridge, is the first arch in the
sequence. The span of the arch measures
5.24 meters, with an arch radius ranging
from 1.33 to 1.71 meters. The dimensions
of the voussoir stones vary between 0.50
meters and 0.30 meters. The rise between
the springing line and the keystone is 2.4
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meters. The floor slab between the piers
is covered with cobblestone.

4.1.2. Arch/Barrel -2

Arch/Barrel-2, situated as the second
arch at the western end of the bridge, has
an arch span measuring 4.87 meters and
an arch radius of 2.67 meters. It
comprises nineteen voussoir stones,
with dimensions ranging from 0.35
meters to 0.70 meters. The rise between
the springing line and the keystone is
3.05 meters. Similar to Arch/Barrel-1, the
floor slab between the piers is covered
with cobblestone.

4.1.3. Arch/Barrel - 3 (Main Arch -1)

Arch/Barrel-3, positioned as the third
arch at the western end of the bridge,
features an arch span measuring 5.86
meters and an arch radius ranging from
2.83 to 3.57 meters. The rise between the
springing line and the keystone is 3.05
meters. Unfortunately, the floor slab
covering could not be detected due to the
water level of Yuvali Creek

4.1.4. Arch/Barrel - 4 (Main Arch -2)

Arch/Barrel-4, positioned as the fourth
arch at the western end of the bridge, has
an arch span measuring 5.92 meters and
an arch radius ranging from 2.57 to 3.48
meters. The rise between the springing
line and the keystone is 3.48 meters.
Unfortunately, similar to Arch/Barrel-3,
the floor slab covering could not be
detected due to the water level of Yuval
Creek.
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Figure 20. Facade drawings of Biiyiikkaristiran Bridge (Ayberkin, 2018).

4.1.5. Arch/Barrel - 5

Arch/Barrel-5, positioned as the third
arch at the eastern end of the bridge,
features an arch span measuring 5
meters and an arch radius ranging from
2.4 to 2.82 meters. The rise between the
springing line and the keystone is 3.16
meters. Unfortunately, similar to the
previous arches, the floor slab covering
could not be detected due to the water
level of Yuvali Creek.

4.1.6. Arch/Barrel - 6

Arch/Barrel-6, situated as the second
arch at the eastern end of the bridge, has
an arch span measuring 3.23 meters and
an arch radius of 1.68 meters. The rise
between the springing line and the
keystone is 2.3 meters. Similar to the
western end arches, the
between the piers is covered with
cobblestone. Additionally, soil
accumulation has been detected on the
floor slab.

floor slab
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4.1.7. Arch/Barrel - 7

Arch/Barrel-7, positioned as the first
arch at the eastern end of the bridge,
features an arch span measuring 2.88
meters and an arch radius of 1.59 meters.
The rise between the springing line and
the keystone is 1.69 meters. Similar to the
other arches, the floor slab between the
piers is covered with cobblestone.
Furthermore, soil accumulation and
vegetation have been detected on the
floor slab of this arch.

4.1.8. Arch/Barrel - 8 (Flood Arch)

Arch/Barrel-8, situated as the only flood
arch at the western end of the bridge, has
an arch span measuring 3.02 meters. The
rise between the springing line and the
keystone is 2.11 meters. Similar to the
other arches, the floor slab between the
piers is covered with cobblestone.
However, soil accumulation and
vegetation have been detected on the
floor slab of this arch. Additionally,
town sewage has erroneously been
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connected through this barrel, indicating
potential structural issues.

4.2. Piers

The piers serve as the primary support
structures of the bridge, working in
conjunction with the arches/barrels and
vaults to carry the roadway load.
Cutwaters have been added to the
upstream facade of the piers, enhancing
their pressure.
However, due to the alluvium formed by
Yuvali Creek, some of the piers remain
partially underground.

resistance to water

4.3. Cutwater / Starling

Cutwaters, also known as starlings, take
the form of triangular prisms adjacent to
the piers on the upstream facade of the
bridge. On the downstream facade, there
are genuine triangular prism easewaters
and periodically added square-shaped
easewaters adjacent to the piers. These
cutwaters are subjected to soil deposits
and flood debris, leading to some of
them losing their integrity due to water
pressure. Constructed with ashlar with
rubble backing stonework and lime
mortar joints, the cutwaters vary in
length from 2.3 meters to 2.58 meters and
in width from 1.34 meters to 2 meters.
Among them, two cutwaters have fully
retained their integrity.

4.4 Parapets

The parapets of the bridge
constructed from reinforced concrete
material, which has been recently added.

Unfortunately, the exact date of this
addition is unknown. The parapets have

are
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an average width of 0.24 meters and a
height of 0.42 meters.

4.5. King Post Stones

The original king post stones are no
longer in place. However, genuine
details of the post stones were identified
from the old photographs.

4.6. Roadway / Deck

The roadway/deck, with an area of 311
square meters, features a slope of 5% on
the east-west axis. While it is currently
covered with asphalt, historical evidence
suggests that the genuine overlay was
marble, as reconstituted based on a
photograph dated 1912.

At the intersections of the parapets and
roadway, on both the
upstream and downstream sides, soil
deposits and plant formations are
present.  Additionally, load-related
deformation has been noted on the
roadway, likely resulting from heavy
tonnage vehicles accessing surrounding
facilities. Furthermore, frost cracks,
attributed to atmospheric effects, are

observed

predominantly observed on the spandrel
walls due to harsh winter weather

conditions.
4.7. Facades
4.7.1. Upstream Facade (North Facade)

The spandrel wall comprises seven
semicircular arches constructed with
ashlar and rubble backing stonework,
joined with lime mortar. The upstream
facade exhibits more damage compared
to the south facade, likely due to weather
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conditions. Accumulation of carbon
crust, cement interventions, frost cracks,
surface losses, vandalism, and biological
formations are notably  present.
Structural cracks visible on the facade
raise concerns regarding the structural
integrity of the wall.

The voussoirs or ring
positioned within seven centimeters
from the surface of the spandrel wall or
upstream facade. Additionally, a stone
ornament is situated on the belt course,
which is believed to be authentic.
Cement and reinforced concrete
interventions are observed in the joint
between the wing
abutment/spandrel walls.

stones are

wall and

4.7.2. Downstream Facade (South
Facade)

The spandrel wall is composed of seven
semicircular arches constructed with
ashlar and rubble backing stonework,
held together with lime mortar joints.
The downstream facade exhibits less
damage compared to the north facade.

However, a high density of carbon crust
accumulation,
frost cracks, surface losses, vandalism,
and biological formations are observed
on the north facade. Structural cracks
visible on the facade raise concerns
regarding the structural strength of the
wall.

The voussoirs or ring stones are
positioned within six centimeters from
the surface of the spandrel wall or
upstream facade. Additionally, a stone
ornament is situated on the belt course,
which is believed to be genuine. Cement
and reinforced concrete interventions
are observed in the joint between the
wing wall and abutment/spandrel walls.

cement interventions,

5. Restoration

The restoration work was categorized
into three main sections: reconstition,
intervention methods, and restoration
suggestions, each accompanied by
detailed  drawings to  provide
comprehensive support.

Figure 21. General front view of the Biiyilikkaristiran Bridge (Ayberkin, 2017)

5.1. Damage Analysis

While precise details regarding
renovations are lacking, variations in
stone  dimensions, textures, and

mortar/joint materials suggest that the
bridge underwent repairs or renovations
at various points in time. Utilizing
historic ~ photographs enables the
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detection of interventions and facilitates
comparison between past and present
conditions. Damage analysis projects
have identified atmospheric effects,
algae and carbon formations, surface
cavities, improper interventions, and
structural cracks across upstream and
downstream facades and other sections
of the bridge.

Both upstream and downstream facades,
voissors, barrels/arches, and spandrel
walls exhibit false interventions, soil
deposits, and vandalism. Prefabricated
concrete parapets have been installed in
place of genuine marble/ashlar stone
parapets. The roadway/deck
significant deformation caused by
heavy-tonnage vehicles crossing for
access to

shows

surrounding  industrial
facilities. Plant and biological formations

are predominantly found on the facades.

While no significant structural damage
was observed in the building, minor
structural cracks and deformations have
been detected.

5.2. Reconstitution

There is no information regarding the
original status of the building, and the
date of construction could not be
determined. Limited information and
through
research. Although Biiyiikkaristiran
Bridge is attributed to Sinan the
Architect in heritage records, there are
no exact records to support this claim.

documents were obtained

In the 16th century, no records have been
found in the Tezkiret-ul Biinyan and
Tuhfet'til Mimarin, written by Sai Celebi,
who was a friend of Sinan the Architect
(Merig, 1965).

It is known that Via Militaris, the Roman
military passed
Biiyiikkarisan. road facilitated
transportation,
military activity between

road,
This
communication, and
Istanbul
Belgrade

through

(Byzantion) and
(Singindunum) (Iregek, 1990).

Figure 22. Damage Analysis of the Biiyiikkaristiran Bridge (Ayberkin, 2018)
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Due to Biiyiikkarisan’s location on Via
Militaris, the Roman military route, and
the presence of a horse exchange area
between the two centers Corlu (Syrallo)
and Liileburgaz (Bergvle), coupled with
the existence of the Yuvali (Arzus)
Creek, it is speculated that the bridge
may have been constructed to fulfill the
needs of previous civilizations (Giiven
and Hergiiner, 1999).

It is estimated that during the pre-
conquest period, Ottoman military
troops utilized the same route from
Edirne to Istanbul, and later, during the
campaigns of Mehmet II, Murat II,
Beyazit II, and Kanuni Sultan Siileyman
in the Rumeli region (Kilig, 2014).

From John Covel’s book “Ottoman Diary
of a Priest,” (2011) written between 1670-
1679, we learn that the name of the town
comes from the mixing or kneading of
the soil, which consists of a spongy clay
land. In his diary, he also describes the
bridge, mentioning that Karistiran town
has a bridge over the Yuvali River,
which is an eight-barrel bridge and a
hundred steps long. He notes that the
Yuvali River constantly floods the bridge
during winter. He also mentions a
fountain and an aqueduct built by
Rustem Pasha, which is very close to the
bridge.

According to the royal almanac dated
1567, which was determined in archival
works, there was an order for repairing
bridges on the road or building bridges
in places where there were none before
the sultan’s return from Edirne to
Istanbul. Based on this order, if repairs
were made to the bridge in accordance

with this directive, it could be a reason
for attributing the construction to Sinan
the Architect, who was the head of the
royal architects at that time. (BOA, Book
No. 7 Mithimme H:975).

The Biiytikkaristiran Bridge maintained
its role as a primary transportation axis
from Istanbul to the Balkans for over
2000 years until the construction of the
D-100 highway between 1960 and 1970.
It conceivable that civilizations
preceding the Ottomans, which
conducted various zoning activities
along this axis, may have constructed the
bridge (Demir, 2016).

is

The Biiyiikkaristiran Bridge may have
incurred damage from battles in the
region and the 1509 Great Istanbul
earthquake, which affected areas as far
as Edirne and Gallipoli. It is plausible
that the bridge’s construction predates
the era of Sinan, and it is estimated that
Sinan may have overseen its repair due
to the damage incurred (Ambrasey and
Finkel, 2006).

The first visual documentation of the
structure dates back to a photograph
from 1909, captured during the Balkan
Wars.
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(Demir,2016).
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Figure 24. Biiyiikkaristiran in 1913
(Baldwin,1913).

Figure 25. Biiyiikkarigtiran in 1913
(Baldwin,1913).

Comparing the old photos with the
current situation,

Some parts of the bridge in the
west direction are under the
ground today,

Cutwaters were complete,
Parapets have been changed,

e The original marble floor
coverings of the bridge were
replaced,

The elevation of the bridge’s
surroundings has been altered
due to construction activities,
leading to changes in the water

level and subsequent soil
accumulation around the
bridge.

e Arches/Barrels are not deformed
yet,
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The north facade (Upstream
Facade) has different stones
from today and thus undergoes
a repair between 1912 and

today,

e [t was found that the first arch in
the west direction of the
Surveying Project, which is

called Arch 1, did not have the
arch spring profile in 1912, but it
was added later.

5.3. Restoration Proposal

The restoration project of the Bridge has
been meticulously planned with careful
consideration given to international
conservation statutes and principles.
Throughout the process of making
conservation
implementing the restoration project, the
Athens Charter (1931) and the Venice
Charter (1964) have served as guiding
frameworks, providing established
principles for the protection of cultural
heritage. These principles have been
further informed by the directives
outlined in the Amsterdam Declaration
(1975). Based on the damage analysis
projects conducted in accordance with
the protection
principles, it has been determined that
there is no imminent structural damage
to the bridge warranting immediate
intervention.  Nevertheless, it 1is
imperative  to  address  several
maintenance tasks, including removing
material contents within the structure,
eliminating deposits, cleansing
pollutants, and mitigating plant-algae
formations that have developed on the
facades and arch vaults.

decisions and

aforementioned

soil
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As stated in the restoration projects, the
following revisions were targeted:

Removal of joints with cement
mortar, reconstruction of joints
with lime mortar in accordance
with the genuine mortar
mixture,

Cement repairs, removal of
stone imitations, and repair of
the original stone and missing
stone blocks in the facades and
vaults,

Repair of surface losses and
surface

Removal of  prefabricated
reinforced concrete parapets,
asphalt pavement, and
reinforced concrete gutters from
the structure and replacement
with genuine materials,
structure.

Filling the structural cracks with
suitable materials and closing
the gaps,

e Integration  of  destroyed
structural  elements  (flood
barriers, heel, etc.),

e Surface cleaning of facades and
vaults/barrels by micro
sandblasting,

¢ (leaning the plant formations in
the facade and vaults and
eliminating the damage they
cause,

e Cleaning the closed barrels and
cleaning soil deposits from the
bridge,

e Removal of soil deposits around
barrels and flood barriers,

e Regular monitoring is
recommended by placing crack
monitors in the The

Biiytikkaristiran Bridge (2018)

In addition to the interventions above, a
critical issue regarding the protection of
the Biiyilikkarisan Bridge is its lack of
visibility or detectability.

e

.-l

material.

Figure 26. Restoration Interventions of cavities with the appropriate mixture of stone

Restricting vehicular access to the  usage, will serve two crucial purposes.
bridge, thereby allowing only pedestrian  Firstly, it will alleviate the bridge’s
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structural load, potentially extending its
longevity and reducing the risk of wear
and tear. Secondly, this measure will
enhance the bridge’s visibility and
perception, as it will remain accessible
exclusively to pedestrians, particularly
those visiting the adjacent industrial
facility.

6. Conclusions

The historical evolution of the bridge can
be categorized into four distinct periods:
the prehistoric era, the Roman Empire
era, the pre-roman era, and the Republic
era. Research into the pre-roman era
1000-800 BC,
revealing of  Thracian
settlements in the Ergene Basin. The
significance of the region grew as it
thoroughfare
connecting trade centers, particularly
evidenced by Drusipara’s role along this
During the Roman Empire,
investigations indicated that Drusipara
emerged as a prominent stop along the
Via Militaris, a strategic road linking
Istanbul and Belgrade.

commenced around

evidence

served as a crucial

route.

Research findings indicate that during
the Ottoman Empire period, the
Biiytikkarisan region continued to serve
as a pivotal stop along the Via Militaris
route. Additionally, efforts were made to
the significance,
including constructing a hunting palace
to accommodate travelers and
dignitaries.  Furthermore, historical
documentation from both the State
Archives and international repositories,
as well as various dated maps, reveal
that different names have referred to
Biiyiikkarigsan over time.

enhance area’s
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During the Great Thrace Maneuvers, a
segment of the operation was conducted
in and around Biyiikkaristiran.
Newspaper records attest that the
revered leader Gazi Mustafa Kemal
Atatiirk utilized the primary school in
Biiyiikkaristiran as an operational center
in 1937. The transformation of the Via
Militaris Road during the early Republic
period saw its integration into the
modern D-100 highway, which was
rerouted through a new pathway.
Consequently, this change resulted in
the loss of the bridge’s former role as a
passageway.  Historical
were  surveyed
categorized in the surrounding area
under three primary headings: the
hunting palace, the
zoning, and the water gauges.

distinctive
and

landmarks

Rustem Pasha

The
comprehensively

to
the
Biiyiikkaristiran bridge and thoroughly
document all instances of damage and
deterioration.  Notably, no  prior
technical studies have been conducted
on the bridge. Despite its obscured

survey  project  aims

measure

origins, the Biiyiikkarigtiran bridge has
provided vital service to its environs for
centuries, representing an exemplar of
stone bridge construction tailored to the
region’s needs.

The architectural style of the
Biiyiikkaristiran Bridge exhibits features
typical of Ottoman architecture from the
classical period of the 16th century.
While heritage records have previously
attributed its construction to Sinan the
Architect, a notable architect of the
Ottoman Empire, there are no mentions
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of the Biiylikkanigtiran Bridge in
Tezkiret'ul Bunyan and Tuhfet'ul
Mimarin, biographical
architectural treatises, respectively.
However, it is believed that seismic
activities in the region, coupled with the
flooding of Yuvali Creek, necessitated
repairs to the bridge during the 16th
century, possibly undertaken by Sinan
the Architect.

Sinan’s and

Consequently, in adherence to the
principles of international conservation,
the Biiylikkaristiran Bridge holds
unquestionable monumental value.
Restoration  proposals been
formulated to safeguard this heritage for
posterity, ensuring its protection and
transmission to future generations.

The research question— How can the

have

Biiyiikkaristiran Bridge be conserved in
a way that respects its historical context
while ensuring long-term structural and
perceptual sustainability —has been
systematically addressed through a
multi-layered conservation approach.
This
intervention, reversibility, and material
by
internationally accepted charters such as
the Venice Charter (1964), the Burra
Charter (2013), and the Nara Document
on Authenticity (1994).

approach prioritizes minimal

compatibility, informed

The damage assessment revealed that
the structure has been compromised by

hydrological erosion, inappropriate
materials, biological invasion, and
vehicular overuse. The proposed

restoration responds with evidence-
based methods that respect the
authenticity while enhancing
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accessibility and public interpretation. In
doing so, the study illustrates how
thoughtful conservation can reactivate
neglected infrastructure as valued
cultural  heritage regional
memory and identity.
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Abstract

This study investigates the spatial distribution and accessibility of parking facilities in
Izmir, Tiirkiye, with a focus on their integration with public transportation systems. The
analysis examines three types of parking facilities: on-street parking, off-street outdoor
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stations is limited, especially for off-street indoor parking facilities. In contrast, off-street
outdoor parking facilities, although high in capacity, face challenges with public transport
accessibility, particularly in the southern parts of the city. Strategic parking placement in
areas such as Karsiyaka, close to rail stations and ferry terminals, illustrates a more
effective multimodal transport integration. The study emphasizes the need for improved
parking management and a more balanced distribution of parking infrastructure across
the city to enhance accessibility to public transportation and promote sustainable urban
mobility.
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Kent I¢i Otopark Alanlarinin CBS Tabanli Analizlerle
Konumu ve Erisilebilirliginin Degerlendirilmesi

Oz

Bu calisma, [zmir, Tiirkiye'deki otoparklarin mekansal dagilimini ve erisilebilirligini,
Ozellikle de toplu tasima sistemleriyle entegrasyonlarini incelemektedir. Analiz, iig
tiir otoparki ele almaktadir: yol {izeri otoparklar, acik alan otoparklar: ve kapal: alan
otoparklar1. GIS tabanl yontemler kullanarak, her otopark tipi i¢in 400 m ve 800 m
yliriime mesafeleriyle hizmet alanlar1 belirlenmis, bunlarin demir yolu istasyonlari,
transfer noktalar1 ve feribot terminalleri gibi toplu tagima istasyonlarina yakinliklar:
degerlendirilmistir. Sonuglar, yol {izeri otoparklarin yogun ticaret alanlarinda
yogunlastigini, kapali alan otoparklarmin ise genellikle biiyiik kentsel cazibe
noktalarina yakin oldugunu gostermektedir. Ancak, oOzellikle kapali alan
otoparklarinin toplu tasima istasyonlarina erisimi sinirlidir. Diger taraftan, acik alan
otoparklari, yiiksek kapasiteye sahip olmalarina ragmen, ozellikle sehrin giiney
kesimlerinde toplu tasima duraklarina erisimi simirhdir. Karsiyaka ilgesinde, demir
yolu istasyonlarina ve feribot istasyonlarina yakin stratejik otopark yerlesimi, daha
etkili bir ¢oklu tagimacilik entegrasyonunu gostermektedir. Calisma, daha iyi bir
otopark yonetimi ve sehrin genelinde daha dengeli bir otopark altyapis1 dagiliminin
gerektigine, bunun da toplu tasima erisilebilirligini artirarak siirdiiriilebilir kentsel
mobiliteyi tesvik edecegine vurgu yapmaktadir.

Anahtar kelimeler: Otopark, CBS, Hizmet Alam, Ag Analizi, Toplu Tagima, Erigilebilirlik
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1. Introduction

The rapid pace of urbanization, coupled
with the increasing number of motor
vehicles, has significantly intensified the
complexity of wurban transportation
systems, leading to numerous challenges
such as traffic congestion, insufficient
parking capacity, and unregulated
parking practices (Parmar et al., 2020;
Aydinoglu and Igbal, 2021; Jonuzi et al.,
2024). As an essential component of
urban transportation infrastructure,
parking facilities play a crucial role in
the

sustainability of
networks. The inadequacy of available
parking spaces forces drivers to spend
excessive time searching for vacant
spots, thereby exacerbating congestion
and disrupting traffic flow (Aliniai et al.,
2015; Levy and Benenson, 2015).
Additionally, the scarcity of parking
facilities often compels motorists to
travel extra distances in pursuit of

ensuring efficiency and

transportation

parking, leading to increased fuel
consumption, elevated carbon
emissions, and environmental

degradation (Ozturk and Kilic-Gul,
2020; Aydinoglu and Igbal, 2021). This
issue is particularly pronounced in
central business districts and densely
where
prolonged searches for parking result in
wasted time, higher individual costs,
and adverse environmental impacts
(Karimi et al.,, 2020). Consequently, as
urban transportation efficiency declines,
the
mobility policies becomes increasingly
challenging.

populated commercial areas,

implementation of sustainable
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Strategic ~ planning  of  parking
infrastructure is essential for optimizing
urban transportation systems and

regulating traffic flow. Inadequately
located or poorly designed parking

facilities  contribute to  increased
congestion, impede pedestrian
movement, and diminish the overall
functionality ~of wurban transport

networks (Farzanmanesh et al.,, 2010;
Demir et al., 2021). Therefore, parking
area planning must incorporate multiple
factors, including land use patterns,
population density,
considerations, public
integration, and regional transportation
(Mingardo al, 2015).
Moreover, ensuring the accessibility of
parking facilities is a key priority, not
only for private vehicle users but also for
pedestrians require
convenient access to parking areas
(Jonuzi et al.,, 2024). A well-structured
parking management strategy should
aim to provide parking
opportunities while simultaneously
promoting integrated solutions aligned
with sustainable transportation
objectives (Sola et al., 2018).

economic
transportation

demand et

who safe and

sufficient

Improving parking accessibility
contributes to the overall efficiency of
urban transport and facilitates a more
structured traffic flow (Mcshane ve
Meyer, 1982). Developing policies and
strategies  to  enhance  parking
accessibility is therefore critical in
fostering sustainable urban mobility
(Ford et al., 2015; Tome et al., 2018). In
this context, innovative approaches such
as smart transportation systems, digital
guidance technologies, and demand-
based parking management have gained
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prominence as effective tools for
improving parking efficiency.
Various analytical and systematic

methodologies are utilized to determine
optimal parking locations. Geographic
Information Systems (GIS)-based spatial
analyses, multi-criteria decision-making
(e.g., Analytical Hierarchy Process
(AHP), TOPSIS, and Fuzzy AHP)
techniques (Kirlangicoglu, 2016; Ozkan
et al., 2020; Bilgilioglu, 2022; Elmacioglu
et al, 2025), and spatial modeling
approaches facilitate the strategic
placement of parking infrastructure
(Farzanmanesh et al., 2010; Karimi et al.,
2020; Jonuzi et al., 2024). The application
of such methodologies enables a more
accessibility-oriented =~ approach  to
parking planning, thereby improving
the performance of
transportation systems (Mitropoulos et
al., 2023). Additionally, incorporating
factors such as user preferences, regional
traffic dynamics,
capacity in parking location assessments
is fundamental to achieving sustainable
and efficient parking management
(Dinda et al., 2019; Ozturk and Kilic-Gul,
2020).

overall

and infrastructure

Urban parking planning is not only
crucial for private vehicle users but also
public
passengers, and cyclists (Levy and
Benenson, 2015; Aydinoglu and Iqgbal,
2021; Demir et al., 2021). A well-planned
parking

for pedestrians, transport

infrastructure alleviates

congestion, enhances
network efficiency, and supports overall
urban mobility (Aliniai et al., 2015;
Kulinich and Lee, 2016). Moreover,

providing accessible and cost-effective

transportation
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parking solutions fosters the sustainable
development of commercial,
administrative, and social activities
(Karimi et al., 2020; Jonuzi et al., 2024).
Therefore, parking planning should not
be perceived merely as an infrastructure
solution but
multidimensional strategy aimed at
advancing urban sustainability and
improving quality of life. Aslan and
Aydar (2022) investigated the car park
problems in Canakkale, Tiirkiye, via
GIS-based analysis to find suitable
locations for street-parking. Gulhan and
Ceylan (2010) stated that the lack of
planned parking spaces (open, multi-
story, underground) in the city causes
irregular car parking problem for the
city of Denizli. Ozkaraca and Inceoglu
(2021) investigated the accessibility to
University
perspectives one of which is the car
parks.

rather as a

Diizce from different

[zmir, the third most populous city in
Turkey, is situated around a gulf, similar
to cities such as Barcelona and San
Francisco. The city offers a range of
public transportation options, including
metro, tram, bus, and ferry, providing a
transport
comparable to many medium- and large-
sized European cities (Cigu et al., 2018;
Maciulyte-Sniukiene & Butkus, 2022). In
recent years, the modal share of active
mobility modes—particularly e-bikes,
bike-sharing systems, and e-scooters—
has steadily increased. These modes
have been increasingly studied for their
potential
connectivity through integration with
public transportation systems (Guzel et
al., 2025; Pekdemir et al., 2024; Altintasi

multimodal infrastructure

to enhance last-mile
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and Yalcinkaya, 2024). This evolving
mobility trends have positioned Izmir as
a favorable city for the development of
innovative  strategies  aimed  at
decreasing car  dependency
promoting sustainable urban mobility.

and

As for parking strategies, the Izmir
Metropolitan Municipality has
developed a Carpark Master Plan to i.)
meet the city’s parking needs, ii.)
determine the potential parking
locations in near future (EPI, 2019).
However, even for the master plan, the
integration of car parks with the public
transportation facilities were not deeply
investigated. Therefore, it is crucial to
assess the accessibility of existing
parking facilities and evaluate their
integration with public transportation
systems, which is the focus of this
research.

This research examines the spatial
distribution of parking facilities across
key wurban areas, emphasizing their
accessibility to public transportation
facilities, including rail transit stations,
transfer hubs, and ferry ports. To this
end, a GIS-based analysis was conducted
to define the service area of the car parks,
which later used to evaluate the
accessibility to public transportation
facilities. The findings concluded to a
deeper understanding of the spatial
distribution of parking infrastructure
and its implications for sustainable
urban mobility, offering insights into
potential policy interventions to enhance
accessibility.
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2. Material and Method

2.1 Study Area and Distribution of
Parking Lots

The study focuses on Izmir, Tiirkiye’s
third-largest city, which faces growing

parking challenges due to rapid
population growth and increasing
vehicle ownership, particularly in

central business districts. The research
examines the spatial distribution of
parking lots across key areas of the city,
emphasizing their accessibility to public
transportation stations (rail transit
stations, transfer hubs and ferry ports),
commercial zones, and high-density
residential areas. The analysis considers
different types of parking lots as listed as

follow:

On-Street Parking: Along roadways,

typically in  commercial or
residential areas.
o Off-Street Outdoor Parking:

Generally designed designated open
areas, near commercial centers or
public transportation hubs.
Off-Street Indoor Parking (Parking
Garages): Multi-level
typically located near major public
transport facilities.

structures

It is important to note that this study
only parking
managed by IZELMAN, a municipal
company. The classification of parking
lot types along with their corresponding
features is presented in Table 1, while
the spatial distribution of these parking
facilities across the city is illustrated in
Figure 1. The year of the parking data
used for this analysis is 2025, which

considers facilities
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ensures the most up-to-date and relevant
information on street and sidewalk

infrastructure.
Table 1. Parking lot types and
corresponding features
Parki C it
arking Number a.lpaa y
Lot type (min-max)
On-street 48 12-133
Off-street 11 41-353
Outdoor
ff-street
Offstree 23 621170
Indoor
2.2 GIS-based Service Area
Determination and  Accessibility
Evaluation
Before conducting the accessibility

evaluation, a geodatabase was created to
support the analysis, consisting of point
data for parking lots and rail transit
stations, and line data for the pedestrian
network. ArcGIS Pro 2.5 software was
used for this purpose. To evaluate the
accessibility of parking facilities to
public transportation facilities, service
areas were delineated for each parking
lot type based on walking travel times.
Specifically, 5-minute and 10-minute
walking thresholds, corresponding to
distances of 400 meters and 800 meters,
respectively, were employed, assuming
an average walking speed of 4 km/h.
This analysis was conducted separately
for different parking facility types to
their public
transportation facilities. The service area
analysis was carried out using ArcGIS
Pro 2.5 software, specifically utilizing
the Network Analyst extension. For this
analysis, a pedestrian-based network

assess proximity  to
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dataset was created by combining the
most recent street and sidewalk data
from OpenStreetMap and the Izmir
Metropolitan Municipality’s
Department of Transportation. The
network was limited to pedestrian-
accessible paths only, excluding motor
vehicle routes, to ensure a more accurate
representation of walking accessibility.
The “Service Area” tool within the
ArcGIS Network Analyst extension was
used to generate 400 m (approximately
5-minute) and 800 m (approximately 10-
minute) walking buffers from the
centroid of each parking lot location.
These areas were used to evaluate
whether the facilities fell within effective
walking proximity to major public
transportation facilities, such as rail
transit stations, ferry terminals, and
intermodal transfer hubs. By adopting
this approach, a comprehensive
evaluation of the spatial relationship
between parking infrastructure and
transit accessibility can be evaluated,
identifying  potential  gaps
opportunities for improvement
alignment with sustainable mobility
objectives.

and
in

3. Results and Discussion

The service area for 400 m and 800 m of
each on-street parking
provided in Figure 2. It should be
concluded that on-street parking
facilities are predominantly located in
high-density central business districts,
such as Konak and Alsancak, where
demand for parking is intense due to the
concentration of commercial and social
activities instead of accessing to public
transportation stations.

location is
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Figure 1. The location of parking lots within cities.

service area. However, it appears that
In contrast, the lack of such parking the primary intent behind the strategic
areas or the inability of the municipality = placement of these parking structures is
to effectively manage existing parking  not necessarily to facilitate integration
spaces in the northern and inner parts of ~ with public transportation stations,
the city presents a significant issue for  especially rail transit stations (see Figure
urban parking management. A more 3). In high-commercial activity areas,
balanced distribution of parking such as Alsancak and Konak, the
facilities and improved management presence of high-capacity off-street
strategies are necessary for addressing indoor parking facilities suggests an
these issues. urban planning strategy aimed at

addressing the higher vehicular traffic
An examination of the distribution and  generated by the area's commercial
service areas of off-street indoor parking  operations. Furthermore, in the northern
facilities within the city revealed that part of the city, particularly in the
these  facilites @ were  primarily  Karsiyaka district, parking structures are
concentrated in areas with major urban  strategically positioned in proximity to
attraction locations, particularly in  rail transit stations, in line with the Park
regions such as Bornova, Bayrakly, and & Ride strategy. This approach seeks to
Buca (Figure 3). As for the accessibility to  enhance overall transportation efficiency
transit hub locations, in door parking by encouraging users to park their
lots located in Buca, Bornova, Konakand  vehicles and continue their journey via
Karsiyaka are accessible within 800 m  public transport, thereby promoting a
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more integrated and sustainable urban
system.
accessibility to ferry ports within 800 m
service area was only valid for parking
lots located in southern part of the gulf
as shown in Figure 3. An analysis of the

mobility Furthermore,

service areas of off-street outdoor
parking facilities reveals that the highest
parking capacity were located at Inciralt
Kent Ormari, within the city’s
recreational and entertainment district
(Figure 4a), and near the shopping mall
in the Gaziemir region (Figure 4e). These
parking facilities were characterized by
higher capacity, largely due to their
proximity to key urban attraction points.
However, it is important to note that,
despite their high capacity, these
locations exhibited limited access to
public transportation stations. In the
Karsiyaka district, located to the north of
the gulf, there were parking facilities in
close proximity to rail system stations,
transfer hubs, and the ferry terminal
(Figure 4b). This strategic placement
suggested that these parking locations
have been effectively positioned to
facilitate seamless multimodal
transportation, supporting
connectivity within the urban transport
network. The off-street outdoor parking
lot located in Bayrakli (Figure 4c) lacked
integration of public transportation

efficient

facilities.

In addition to visual representation for
accessibility evaluation, the statistical
comparison has been made to highlight
the specific differences in accessibility
between various types of parking
facilities and public transportation
systems in [zmir, as tabulated in Table 2.
It can be concluded that a substantial
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81% of on-street parking lots are within
400 meters of tram stations, indicating a
strong spatial correlation with this mode
of transit. On the other hand, only 2%
and 8% of on-street parking lots are
within 400 meters of Izban and metro
stations, respectively. A
majority of these lots fall outside the
service areas of other major transit
systems—94% are beyond 800 meters
from IZBAN stations and 69% from
stations—indicating
integration with regional rail systems.
Average access distance is 400 meters in
overall but higher for metro (493.3 m)
and Izban (466.7 m). Off-street outdoor
parking lots demonstrate relatively low
levels of accessibility to public
transportation facilities. Only a small
portion—9% or less—of these 11 parking
lots are located within 400 meters of any
public transport node. The majority,
ranging between 55% and 73%, fall
outside the 800 m area
thresholds. Notably, these parking lots
exhibit the highest average access
distances among all categories, with
600.0 meters for metro stations and 520.0
meters for [ZBAN. These figures indicate

substantial

metro a weak

service

that off-street outdoor parking facilities
are often positioned in locations that are
not well integrated with major transit
lines.

The off-street indoor parking lots,
totaling 23 facilities, demonstrate
relatively stronger integration with
public transportation compared to other
parking types. According to the data,
22% of these lots are located within 400
meters of IZBAN and metro stations,
and 43% are within 400 meters of tram
lines.
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Table 2. Statistical analysis results of different parking lot types to public
transportation facilities.

Out of Service

400 m 800 m Average

- - Area_ Access

PTS # of Parking # of Parking # of Parking Distance

_ Lot _ Lot _ Lot (m)
(in percent) (in percent) (in percent)
On-street: 48 Parking Lot
Izban 1 (2%) 3 (6%) 45 (94%) 466.7
Metro 4 (8%) 15 (31%) 33 (69%) 493.3
Tram 39 (81%) 45 (94%) 3 (6%) 253.3
Pier 10 (21%) 25 (52%) 23 (48%) 440.0
Transfer Hub 1(2%) 2 (4%) 46 (96%) 400.0
Off-street Outdoor: 11 Parking Lot
Izban 1 (9%) 5 (45%) 6 (55%) 520.0
Metro 0 (0%) 3 (27%) 8 (73%) 600.0
Tram 4 (36%) 5 (45%) 6 (55%) 280.0
Pier 3 (27%) 5 (45%) 6 (55%) 360.0
Transfer Hub 3 (27%) 6 (55%) 5 (45%) 400.0
Off-street Indoor: 23 Parking Lot
Izban 5 (22%) 9 (39%) 14 (61%) 377.8
Metro 5 (22%) 11 (48%) 12 (52%) 418.2
Tram 10 (43%) 14 (61%) 9 (39%) 314.3
Pier 1 (4%) 7 (30%) 16 (70%) 542.9
Transfer Hub 2 (9%) 7 (30%) 16 (70%) 485.7
*PTS=Public Transportation System

Accessibility to tram services is  GIS-based service area approach

particularly high, with 14 out of 23 lots
(61%) within 800 meters, and the average
access distance to tram stops is the
lowest among all public transport modes
at 314.3 meters.

4. Conclusions and Recommendations

This study provided a comprehensive
spatial analysis of parking facility
distribution and their accessibility to
public transportation in Izmir using a

grounded on pedestrian-accessible
network datasets. The analysis revealed
a predominant concentration of on-street
parking facilities in central business
districts such as Konak and Alsancak,
where high parking demand stems
largely from commercial activity rather
than the intention to facilitate access to
public transportation nodes.

Off-street indoor parking facilities were
found to be mainly situated near major

127



Giiven, M.C., Altintasi, O. & Cakici, Z., 2025

urban attraction points (e.g., core center
of Bornova, Bayrakli, and Buca regions).
However, their integration with rail
transit or other public transport systems
remains limited, indicating a planning
approach that prioritizes attraction-
driven vehicle access over multimodal
transport integration. In contrast, off-
street outdoor parking lots offer high
capacity but suffer from low transit
accessibility, particularly in southern
districts. An important exception is
observed in Karsiyaka, where the
strategic location of both indoor and
outdoor
proximity to rail stations and ferry

parking facilities in close

terminals reflects successful
application of Park & Ride strategies,

enhancing multimodal connectivity.

a

The results underscore the necessity for
a more balanced spatial distribution of
parking infrastructure across the city
and a strategic alignment with public
transportation systems. To achieve this,
it is recommended that future parking
site selection processes incorporate
multi-criteria decision analysis (MCDA)
methods integrated with GIS platforms.
Techniques such as the Analytic
Hierarchy Process (AHP) or GIS-based
MCDA can be utilized to evaluate
potential locations based on multiple
factors, including land use, proximity to
public transit, pedestrian accessibility,
and local parking demand patterns.
Moreover, the statistical analysis of
service area coverage and proximity
ratios, comparing distances between
parking lots and transport nodes, can
identify areas of critical need and guide
policy  decisions more precisely.
Integrating these methods would enable
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evidence-based planning and ensure a
more efficient allocation of parking
infrastructure.
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