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Abstract

Since the second half of the 20th century, scientific evidence has firmly established climate change as an
irreversible and serious global issue, leading to a steady increase in the number of studies addressing the topic.
Temperature and precipitation are two primary indicators of climate change. This study investigates the presence
of climate change in Tiirkiye’s NUTS-2 regions by examining long-term trends in these two variables. Data
covering the period from 1950 to 2021 were obtained from the station-based records of the Turkish State
Meteorological Service. The datasets were aggregated by NUTS-2 regions, and the Bai-Perron multiple structural
break analysis was applied to identify significant shifts in temperature and precipitation patterns. The analysis
detected structural breakpoints in average temperature across 25 out of 26 regions, with the exception of the TRA1
region (which includes Erzurum, Erzincan, and Bayburt provinces). These breakpoints primarily occurred during
the 1990s and early 2000s. Across all regions, temperatures exhibited varying degrees of increase. The most
significant temperature rise was observed in the TRB2 region (Van, Mus, Bitlis, and Hakkari), while the smallest
increase occurred in the TR81 region (Zonguldak, Karabiik, and Bartin). No structural breakpoints were identified
in precipitation levels, suggesting that the pronounced changes in temperature have not yet been mirrored in
precipitation patterns. However, when precipitation trends were analyzed relative to the years in which temperature
breakpoints occurred, notable regional variations in precipitation amounts were observed. The effects of
urbanization and industrialization on temperature change were also examined. The analysis revealed a statistically
significant relationship between temperature change and urbanization, but no significant relationship with
industrialization.

JEL Classification: C32, Q54
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Oz

20. ylizy1ilin ikinci yarisindan itibaren bilimsel kanitlar, iklim degisikligini geri doniisii olmayan ve ciddi bir kiiresel
sorun olarak kesin bir sekilde ortaya koymus, bu da konuyla ilgili ¢aligmalarin sayisinda istikrarli bir artiga yol
acmistir. Sicaklik ve yagis, iklim degisikliginin iki temel gostergesidir. Bu c¢aligma, Tiirkiye’nin NUTS-2
bolgelerinde iklim degisikliginin varligini, bu iki degiskende uzun vadeli egilimleri inceleyerek arastirmaktadir.

1950-2021 donemini kapsayan veriler, Meteoroloji Genel Miudiirliigii’niin istasyon bazli kayitlarindan elde
edilmistir. Veriler Diizey-2 bolgeleri itibariyla hesaplanmis ve sicaklik ile yagis desenlerinde 6nemli degisimlerin
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belirlenmesi icin Bai-Perron ¢oklu yapisal kirtlma analizi uygulanmigtir. Analiz, TRA1 bélgesi (Erzurum,
Erzincan ve Bayburt illerini igerir) harig, 26 bolgeden 25’inde ortalama sicaklikta yapisal kirilma noktalari tespit
etmistir. Bu kirilma noktalart agirlikli olarak 1990’1ar ve 2000°lerin basinda meydana gelmistir. Tiim bdlgelerde
sicakliklar farkli derecelerde artig gostermistir. En belirgin sicaklik artigt TRB2 bolgesinde (Van, Mus, Bitlis ve
Hakkari) gozlenirken, en kiiciik artis TR81 bolgesinde (Zonguldak, Karabiik ve Bartin) kaydedilmistir. Yagis
seviyelerinde yapisal kirilma noktalar1 tespit edilmemis, bu da sicaklikta goriilen belirgin degisimlerin heniiz yagis
desenlerinde karsilik bulmadigini gostermektedir. Ancak, yagis egilimleri sicaklik kirilma noktalarinin meydana
geldigi yillara gore analiz edildiginde, yagis miktarinda dikkat ¢ekici bolgesel farkliliklar gézlenmistir. Kentlesme
ve sanayilesmenin sicaklik degigimi tizerindeki etkileri de incelenmistir. Analiz, sicaklik degisimi ile kentlesme
arasinda istatistiksel olarak anlamli bir iliski oldugunu ortaya koymus, ancak sanayilesme ile anlamli bir iliski
bulunmamustir.

JEL Siniflamasi: C32, Q54
Anahtar Kelimeler: Tklim Degisikligi; Yapisal Kirilma; Sicaklik; Yagis; Bai-Perron Testi.
1. Introduction

The transformation of the world following the Industrial Revolution led to a dramatic increase in
production and consumption, which, in turn, resulted in the more intensive and often reckless use of
production inputs, particularly fossil fuels. The careless discharge of waste into the environment,
combined with rapid urbanization and population growth during this period, significantly amplified the
destructive impact of these developments.

In recent years, growing awareness among the global public and policymakers has driven increased
research, evaluation, and analysis of the impacts of global warming and climate change. Climate change
is now widely recognized as one of the most critical threats to both current living standards and the long-
term future of humanity. Its consequences are evident in the increasing frequency and severity of natural
disasters, shifts in agricultural patterns and yields, and changes in the availability of surface and
groundwater resources. While some regions may initially experience certain positive effects from
climate change, the overall global impact is considered overwhelmingly negative.

Changes in temperature and precipitation are the two primary indicators used to assess the presence of
climate change. Long-term analyses of these variables can reveal whether climate change is occurring
in a particular region. Structural breaks in the trends of temperature and precipitation series are
interpreted as signs of climate-related changes. When such breaks are detected through econometric
analysis, they may indicate the onset or intensification of climate change in the region under study.

Due to its varied geography and transitional climate zones, Turkiye is highly susceptible to the effects
of climate change. Understanding regional patterns of change is crucial for developing targeted
adaptation strategies. However, while national-level studies have proliferated, empirical research at the
regional scale using robust econometric techniques remains limited.

This study aims to contribute to this gap by examining the presence of climate change in Tiirkiye’s
NUTS-2 regions® through multiple structural break analysis of temperature and precipitation trends.
Using station-based data from the Turkish State Meteorological Service covering the period 1950-2021,
the study identifies significant breakpoints in temperature trends across nearly all regions, with varying
degrees of warming. Notably, the most pronounced temperature increases were observed in the TRB2
region (Van, Mus, Bitlis, and Hakkari), while the smallest changes occurred in the TR81 region
(Zonguldak, Karabiik, and Bartin). In contrast, no structural breaks were found in precipitation patterns,
suggesting that temperature shifts may not yet have translated into major disruptions in precipitation at
the regional level. However, region-specific changes in precipitation were observed when examined
relative to the years of temperature breakpoint years. The study also investigates the relationship
between temperature change, urbanization, and industrialization. The results indicate a statistically
significant association between temperature change and urbanization rates, while no significant
relationship was found with industrialization.

The remainder of the study is structured as follows: the next section introduces the key concepts of

! Nomenclature of Territorial Units for Statistics (NUTS) is the European Union Statistical Classification of
Territorial Units.
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climate change and global warming. This is followed by a detailed explanation of the dataset and
econometric methodology employed. The study then presents the empirical findings and concludes with
a discussion and evaluation.

2. Literature Review
2.1 Climate and Climate Change

Climate is defined by the averages and extremes of meteorological variables such as temperature,
precipitation, wind, and atmospheric pressure (MGM, 2015). It reflects the statistical mean and
variability of these variables over periods of a decade or longer. In contrast, weather refers to the
atmospheric conditions observed on a specific day, month, or year (Nordhaus, 2013). The distinction
between climate and weather is particularly important when evaluating their impacts, as humans, plants,
and animals experience weather events (e.g., temperature fluctuations, precipitation) on a daily or
seasonal basis, rather than long-term statistical averages (Rahmstorf & Schellnhuber, 2020).

Climate change—regardless of its causes—is defined as long-term alterations in the average conditions
and variability of the climate over decades or more. Global climate change encompasses both natural
fluctuations throughout Earth’s history and those driven by human activity (MGM, 2015). The United
Nations Framework Convention on Climate Change (UNFCCC), established in 1994, defines climate
change as “a change in climate which is attributed directly or indirectly to human activities that alter the
composition of the global atmosphere, in addition to natural climate variability observed over
comparable time periods.”

The effects of climate change are not uniform; they vary significantly depending on a region’s
atmospheric and geographic characteristics. Changes in atmospheric circulation patterns can shift the
trajectories of high/low pressure systems or alter prevailing wind directions. As a result, some regions
may experience rising temperatures, while others may see cooling trends. Likewise, changes in
precipitation patterns may include increases or decreases in overall rainfall, greater variability, and more
frequent extreme events such as floods or droughts. Wind speeds and storm intensities may also rise or
fall depending on the region (Rahmstorf & Schellnhuber, 2020).

Global warming?, a key manifestation of climate change, has already led to an estimated temperature
increase of approximately 1.2°C. Under current trajectories, projections suggest a rise of 3—-4°C by the
end of the 21st century. This makes it virtually certain that the regional impacts of climate change will
intensify in the coming decades. Notable global consequences include glacial retreat, shrinking sea ice
in polar regions, thawing permafrost, melting ice sheets in Greenland and Antarctica, rising sea levels,
changes in ocean currents, and a greater frequency of extreme weather events (Rahmstorf &
Schellnhuber, 2020).

Climate models are essential tools for identifying the drivers and magnitude of climate change, as well
as for projecting future scenarios. Key findings from these models include the following stylized facts:
(i) Current atmospheric CO, accumulation is significantly higher than levels observed over the past
650,000 years, (ii) Depending on the scenario, the projected global temperature increase from 1900 to
2100 ranges between 1.8 and 4.0°C, (iii) Sea level rise over the 21st century is estimated to fall between
18 and 60 centimeters, excluding the potential contributions from large ice sheet melting, (iv) Storm
intensity is expected to increase, (v) Temperatures in the Arctic and over landmasses are projected to
rise faster than the global average, (vi) Many regions will experience more hot days and fewer cold days.
(Rahmstorf & Schellnhuber, 2020).

Climate change constitutes a severe risk to agriculture, freshwater availability, and sustainable
development. Rising sea levels, desertification, and extreme weather events already affect millions of
people worldwide. The Intergovernmental Panel on Climate Change® (IPCC), in its Third Assessment

2 Global warming is defined as the increase in Earth's surface temperature due to the release of gases such as
methane and carbon dioxide into the atmosphere as a result of human activities and the reduction of forest cover.
(Houghton, 2005)

3 Formed in 1988 by the World Meteorological Organization (WMO) and the United Nations Environment
Programme (UNEP), the Intergovernmental Panel on Climate Change (IPCC) aims to equip governments globally
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Report (2001), concluded that human activities are the primary driver of recent global warming. Beyond
its environmental implications, climate change carries profound political, social, and economic
consequences.

2.2 Structural Break Literature

Economic interdependencies are not static; they can be altered by governmental policies, advancements
in technology, environmental conditions, and market forces, testing for structural change—or structural
breaks—has long been a central concern in econometrics. In recent years, the importance of structural
break analysis has grown due to major global incidents such as the coronavirus outbreak, the global
financial crisis, supply chain disruptions.

These events are significant because structural breaks violate the assumption of stationarity, a
foundational premise in time series modeling. Under the stationarity assumption, statistical properties
such as the mean and variance of a time series are expected to remain constant over time. When a
structural break occurs, these properties change, undermining the reliability of conventional time series
models.

Initial research on structural breaks concentrated on modeling a single disruption at a specific,
predetermined time point. Notably, Quandt (1958) and Chow (1960) developed tests for detecting such
breaks. Over time, more sophisticated methods have emerged to allow for multiple and unknown
breakpoints. A summary of key tests, their development dates, and associated studies is presented in
Table 1.

Table 1: Development of the Structural Break Literature

Characteristics Contributing Research
Single break, known date Quandt (1958), Chow (1960)
Unit root test with the inclusion of a known | Perron (1989)

date in the model
Single unknown break point in regression | Nyblom (1989); Andrews (1993), Hansen (1992)
coefficients
Estimation of the number of mean changes | Yao (1988), Yin (1988), Yao and Au (1989)
in a sequence of variables
Considering multiple changes in a linear | Liu, Cizeau, Meyer, Peng, and Stanley (1997)
model estimated by least squares and
estimating the number of changes using a
modified Schwarz criterion

Estimation of multiple structural breaks in | Bai and Perron (1998, 2003)
a linear model estimated by least squares
Breaks in X, trend, and coefficients Ericsson (2011)

Source: Developed by the authors based on Ericsson, Dore, and Butt (2022).

Although there are studies in the literature that apply structural break tests to temperature and
precipitation data to investigate climate change, no such research has been identified for Tirkiye. This
study aims to fill that gap by applying structural break tests to investigate whether structural changes in
temperature occurred across Tiirkiye’s NUTS-2 regions during the 1950-2021 period and, if so, to
identify the unknown break date(s). Given that both the number and timing of potential breaks were
unknown, the Bai-Perron multiple structural break test was employed. This method allows for the
detection of multiple breakpoints at unknown dates within a time series.

The model used for the Bai-Perron test, which accounts for m structural breaks at unknown points in
time, is presented below.

2.3 Bai-Perron Test
The method developed by Bai and Perron (1998, 2003) is designed to detect multiple structural breaks

with scientific insights for crafting climate policies. Its reports are crucial for international climate change
discussions. The IPCC is made up of 195 member states from either the United Nations or the WMO.
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by identifying unknown break dates within a linear regression model estimated using the least squares
method.

The model used in the Bai-Perron test, which allows for m structural breaks at unknown moments in
time, is presented below.

Y, = x.f+ =28, +u, t=12,...0

Y, = xf+ zid+u, t=T+1..T, (1)

Vo = xf+z6;+u, t=T_,+1..T j=1..m

In equation (1), x; (px1) gng 2z: (gx1) represent vectors of independent variables, # and 91 are
coefficient vectors, and Yt is the pure error term. With To =0and Timsr = T, the unknown break points
T, T2, are to be determined. The primary objective of the Bai-Perron test is to simultaneously
estimate the unknown regression coefficients B.61,-28m and the break times Tt Tz Tm 1t is

I I
assumed that the number of observations T and the values of Yz+*: @ndZ: are known. Since the
estimation is performed using the entire sample and the B value remains constant, the model is
considered a partial structural change model.

In the model based on the least squares method, the least squares estimates of Band&; o0 ol m
segments denoted by ' are obtained by minimizing the sum of squared residuals.*
m+J. Tj _ -
Se(ToTa, .. To) = 2ot Zerp [ve — 2B zg] @

The equation is calculated, and the results are denoted as ﬁ{ } ﬂ{ } The estimated values are
incorporated into the objective function, and the sum of squared residuals is expressed as

St(TyTas s ) The estimated break points (Tb I,
Perron, 1998, 2003)

Tm} are calculated as follows: (Bai and

{ﬁj 5'"_3_, ey T:,,} = argmin T TareTom (3)

During the calculation, the minimization condition T; =Ty = [eT]? is applied across all segments

(T0, T2 oees Ton) . Therefore, the break point estimators are the global minimizers of the objective function.

Finally, the regression parameter estimates in the estimated { } are the associated least squares

estimates (e.g. & = = s({1})

Bai and Perron recommended the use of three test statistics to determine the number of breaks:
SupFr(k)

1. The test, which compares the null hypothesis of no breaks against the alternative
hypothesis of k breaks.

UDmanl" I"VDmmFl"

2. The double maximum tests, and , Which compare the null hypothesis of
no breaks against the alternative hypothesis of an unknown number of breaks.

SupF(1 + 1]1)

3. The test, which compares the null hypothesis of | breaks against the alternative
hypothesis of 1+1 breaks.

41f B = 0, this results in a pure structural change model where all coefficients are subject to change.
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Bai and Perron recommended the use of three information criteria to determine the number of multiple
breaks. The first is the Bayesian Information Criterion developed by Yao (1988), the second is the
modified Schwarz Information Criterion (LWZ Criterion) proposed by Liu et al. (1994), and the third is
SupFr (1 + 1|1)
the sequential information criterion stemming from the sequential application of the
test, developed by Bai and Perron (2003). Bai and Perron stated that conducting one of the first two tests
to identify the existence of breaks, followed by the application of the sequential criterion to discover the
number of breaks, is considered more reliable.

3. Climate Change Literature in Turkiye

When examining the literature on climate change in TUrkiye, it is evident that most studies focus on
specific regions, while relatively few address the country as a whole. The nationally scoped studies
relevant to our work are summarized below.

Giorgi (2006), in his 21st-century climate change projections, identified the Mediterranean Basin as one
of the regions most vulnerable to the impacts of climate change. Similarly, the IPCC’s Fourth
Assessment Report (2007), using Global Circulation Model projections under various emission
scenarios, predicted that the Mediterranean Basin—including Tirkiye—would encounter substantial
temperature increases and reductions in precipitation towards the close of the century.

Tayang et al. (2009) analyzed temperature and precipitation data from both urban and rural
meteorological stations across Tirkiye for the period 1950-2004. Their results revealed a marked
increase in temperatures, particularly after 1993, with minimum temperatures rising due to the effects
of urbanization. They also observed increased variability in precipitation, a key contributor to flood
events. Regionally, temperature increases were widespread, while precipitation declined in the Aegean
and Thrace regions and rose in the north.

Lelieveld et al. (2012) projected that daytime maximum temperatures would rise most rapidly in the
Balkan Peninsula and Tirkiye, accompanied by a reduction in annual precipitation across southern
Europe, Tiirkiye, and the eastern Mediterranean.

Toros (2012), using data from 165 stations covering 1961-2008, found that temperatures began rising
in the early 1980s. Increases in maximum temperatures during warm seasons were more pronounced
than in cooler periods. A comparison of monthly averages between 1961-1984 and 1985-2008 at nine
stations showed significant increases in extreme temperatures across regions.

Sen et al. (2013) also identified a statistically significant rise in temperatures across Tiirkiye during the
1970-2011 period.

In addition to national-level analyses, numerous studies have focused on specific regions of Turkiye,
offering further insight into localized climate trends.

Kitoh et al. (2008) projected a substantial decline in precipitation in the Euphrates Basin by the end of
the 21st century. Similarly, Fujihara et al. (2008) focused on the Cukurova region, estimating a future
reduction in snow buildup and surface runoff in the Seyhan Basin. Expanding on this, Kurt (2020) found
statistically significant increases in temperature and decreases in precipitation in the Cukurova region
(1970-2017), with coastal and central zones most affected.

Onol and Semazzi (2009), in their analysis of 21st-century climate projections for Tiirkiye, anticipated
slight increases in precipitation along the Black Sea shore and notable declines along the Mediterranean
and Aegean coasts.

Yavuz and Erdogan (2011), using data from 120 rain gauge stations (1978-2008), reported a significant
downward trend in total precipitation from January to May. In contrast, increases were observed in
August, October, and December. A positive precipitation trend was noted in the eastern Black Sea
region, while the Tuz G6lu region showed consistent monthly declines, particularly in central Tirkiye.

Vardar et al. (2011), examining districts in Bursa (1975-2005), found statistically significant increases
in both maximum and minimum temperatures.
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Yilmaz (2015), investigating extreme precipitation events in Antalya using data from seven observation
stations, reported a notable surge in such occurrences, especially in the city center. Supporting this,
Kadioglu (2018) linked frequent flooding in Antalya to intense convective precipitation.

Polat (2020), in a study on the Konya Closed Basin—Tiirkiye’s fourth-largest basin—projected a
temperature increase between 0.7°C and 5.9°C and a reduction in precipitation by 50-150 mm by
century’s end.

Finally, Sener (2021), focusing on the Egirdir Lake Basin, identified statistically significant upward
trends in temperature and mixed trends in precipitation. While Uluborlu and Yalvag experienced
declining precipitation, other areas showed increasing trends.

4. Data and Methodology

The study utilized monthly average temperature data from 56 stations, spanning the timeframe from
1950 to 2021, obtained from the Turkish State Meteorological Service. Stations with missing data for
any month were excluded when calculating annual averages. After identifying which NUTS-2 region
each station belongs to, annual temperature averages for each NUTS-2 region were calculated, resulting
in 72-year time series.

NUTS system, developed by the European Union's Statistical Office (Eurostat) and first approved by
the European Parliament and Council in 2003, has a hierarchical structure. In this classification, a
country is first seperated into Level 1 regions, which are then segmented further into Level 2 regions,
and finally, these are additionally divided into Level 3 regions.® The classification has three main
objectives: the accumulation, improvement, and harmonization of regional statistics; conducting socio-
economic analyses of regions; and determining the framework for regional policies.® At the Brussels
Conference held in 1961, NUTS regions were discussed, and it was concluded that Level 2 regions,
generally used in shaping regional policy frameworks, are the most appropriate scale for analyzing
national-regional issues. (Oztiirk, 2009)

Bai and Perron (2006) noted that structural break tests may exhibit biases in small sample sizes, so the
study increased the sample size. To enhance the number of observations in the analysis, the average of
12 months from June to the following June was also calculated, and these two sets were combined to
create time series with 144 observations for each region. This boosted the sample size and improve the
robustness of analysis.

In the structural break analysis conducted in the study, the Bai-Perron method was employed, as the
primary objective was to identify unknown break dates. We test the following model for structural
breaks:

Ve =0C 1T E; (4)

where y is the temperature or precipitation, ¢ denotes a constant term, and € is the error term.

The analyses were performed using the EViews software. The analysis was repeated for each region
individually. As a first step, following Bai and Perron (2003), two separate equations were estimated
using the least squares method, with temperature and precipitation as dependent variables and a single
independent variable, a constant.

To account for serial correlation in the errors during the estimation process, a second-order spectral
kernel-based heteroskedasticity and autocorrelation consistent (HAC) covariance specification was
applied using prewhitened’ residuals. A fixed one-period lag was specified for the prewhitening process.
The kernel bandwidth was determined using the Andrews AR (1) method.

After the estimation, the SupFr(k) test (comparing the null hypothesis of no breaks against the

5 https://ec.europa.eu/eurostat/web/nuts/history

6 https://ec.europa.eu/eurostat/web/nuts/background

7 Prewhitening is the most frequently applied method in trend analysis to remove the influence of serial correlation
(Bayazit and Ondz, 2007).
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alternative hypothesis of k breaks) was conducted to detect the presence of breaks. Subsequently, the

SupFr(l + 1|1) gt (a sequential test of 1+1 breaks against | breaks) was used to determine the number
and timing of breaks. A default trimming percentage of 15% and a 95% significance level were applied
during the test. Additionally, to allow for error heterogeneity, the error distributions were permitted to
vary across breaks.

Figure 2 exhibits the break dates after 1990 which are identified from the analysis.
5. Results

The break years identified for the temperature data are presented in Table 2. While the timing of
structural breaks varies across regions, some were observed as early as the late 1950s and 1960s.
However, structural breaks in temperature were detected in all but one of the 26 NUTS-2 regions during
the late 1990s and early 2000s.

In contrast, when precipitation data were analyzed using the same method, no structural breaks were
found during the study period. Nonetheless, by using the temperature break years as reference points,
significant regional variations in precipitation patterns were detected.

Table 2: Structural Break Times and Average Increase Amounts in Temperature for NUTS-2
Regions

Region Break Years
TR10-istanbul Sub Region 1953, 1967, 1999
TR21-Tekirdag Sub Region 1953, 1967, 1998
TR22-Balikesir Sub Region 1953, 1999
TR31-izmir Sub Region 1953, 1964, 1999
TR32-Aydin Sub Region 1959, 1964, 1998
TR33-Manisa Sub Region 1953, 1964, 1998
TR41-Bursa Sub Region 1964, 1998
TR42-Kocaeli Sub Region 1998
TR51-Ankara Sub Region 2001
TR52-Konya Sub Region 2001

TR61- Antalya Sub Region 1967, 1998
TR62- Adana Sub Region 1959, 1998
TR63- Hatay Sub Region 1964, 1998
TR71-Kirikkale Sub Region 2001
TR72-Kayseri Sub Region 1967, 1998
TR81-Zonguldak Sub Region 1953, 1998
TR82-Kastamonu Sub Region 1964, 1998
TR83-Samsun Sub Region 1967, 1998
TR90-Trabzon Sub Region 1956, 1998
TRA18 -Erzurum Sub Region -

TRA2-Agr Sub Region 1959, 1994
TRB1- Malatya Sub Region 2001

TRB2-Van Sub Region 1956, 1994
TRC1- Gaziantep Sub Region 1998

TRC2- Sanliurfa Sub Region 1998

TRC3- Mardin Sub Region 1998

Source: Authors’ calculations.

When applying the Bai-Perron test for a single structural break (with a 0.15 trimming parameter and a
0.05 significance level), breaks were found in the 1990s for 20 of the 26 regions, and in 2001 for five
regions (TR51, TR52, TR71, TR83, and TRB1). No structural break was detected in the TRAL region.

8 No structural break is found with a 0.15 trimming and a 0.1 significance level. However, with a 0.05 trimming
and a 0.1 significance level, a break is identified in 2010.
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5.1 Temperature Changes

Based on the analysis results—and focusing on the most recent break dates, which occurred in the 1990s
and early 2000s—Table 3 presents the average temperatures before and after the structural break for
each region, along with the differences.

Except for the TRAL region, all regions experienced a structural break in temperature. In every case,
temperatures increased following the break.

Overall, temperature increases were more pronounced in Eastern Anatolia and Thrace, while coastal
areas (except Adana and Mersin) experienced smaller changes. Consistent with previous studies, the
Black Sea region exhibited relatively moderate temperature increases. The largest change was observed
in the TRB2 region, while the smallest occurred in TR81.

In the Western, Central, and Eastern Black Sea regions, the increase remained below 1 °C, whereas in
the Marmara region it exceeded 1°C. Within the Mediterranean region, only the Adana—Mersin
subregion showed an increase above 1°C. In Central Anatolia, the temperature rise exceeded 1 °C
except in the Konya—Karaman area. Similarly, in Eastern Anatolia, temperatures rose more than 1 °C in
all areas except Bayburt, Erzincan, and Erzurum. Southeastern Anatolia also showed increases above
1 °C, except in the Diyarbakir and Sanliurfa subregions. The results are consistent with all sources cited
in the literature review section.

The magnitude and regional distribution of these temperature changes are visualized in Figure 1.

Table 3: Structural Break Years and Average Temperature Increase Amounts for NUTS-2
Regions

Region Last Pre-Break Post-Break Post-Pre
Break Average Average Difference
Year

TR10-Istanbul Sub Region 1999 13.92 15.18 1.26
TR21-Tekirdag Sub Region 1998 13.12 14.35 1.23
TR22-Balikesir Sub Region 1999 14.47 15.52 1.05
TR31-Izmir Sub Region 1999 17.04 17.94 0.90
TR32-Aydin Sub Region 1998 18.21 19.19 0.98
TR33-Manisa Sub Region 1998 13.27 14.20 0.93
TR41-Bursa Sub Region 1998 13.27 14.28 1.01
TR42-Kocaeli Sub Region 1998 10.16 11.16 1.00
TR51-Ankara Sub Region 2001 11.67 12.97 1.30
TR52-Konya Sub Region 2001 11.48 12.35 0.87
TR61- Antalya Sub Region 1998 14.53 15.34 0.81
TR62- Adana Sub Region 1998 19.00 20.32 1.32
TR63- Hatay Sub Region 1998 19.09 19.86 0.77
TR71-Kirikkale Sub Region 2001 11.06 12.16 1.10
TR72-Kayseri Sub Region 1998 9.35 10.42 1.07
TR81-Zonguldak Sub Region 1998 13.57 14.34 0.77
TR82-Kastamonu Sub Region 1998 11.58 12.36 0.78
TR83-Samsun Sub Region 1998 12.07 12.88 0.81
TR90-Trabzon Sub Region 1998 13.51 14.48 0.97
TRAZ1° -Erzurum Sub Region -

TRA2-Agr1 Sub Region 1994 4.76 5.82 1.06
TRB1- Malatya Sub Region 2001 13.12 14.37 1.25
TRB2-Van Sub Region 1994 8.91 10.37 1.46
TRC1- Gaziantep Sub Region 1998 14.8766 16.30 1.43
TRC2- Sanlurfa Sub Region 1998 16.96 17.77 0.81
TRC3- Mardin Sub Region 1998 15.76 17.02 1.26

Source: Authors’ calculations.

® No structural break is found with a 0.15 trimming and a 0.1 significance level. However, with a 0.05 trimming
and a 0.1 significance level, a break is identified in 2010.
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Figure 1: Regional Temperature Changes in Turkiye (1950-2021)-Heat Map
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Source: Created by the authors.

An examination of Figure 2 shows that the earliest structural breaks in temperature occurred in 1994 in
the eastern part of Eastern Anatolia, while the most recent were observed in 2001 in parts of Central
Anatolia and western Eastern Anatolia. Overall, the most frequently observed break years are 1998 and
1999.

Figure 2: Structural Break Dates of Temperature Increases in NUTS-2 Regions in Turkiye

Source: Created by the authors.
5.2 Temperature Change: Urbanization and Industrializaiton

In this study, we also investigate the relationship between temperature change and two key
socioeconomic indicators: urbanization and industrialization due to the presence of structural break in
temperature levels. To explore the potential effects, we estimated two separate regression equations
using the ordinary least squares (OLS) method.

The dependent variable in both equations is the temperature change, defined as the difference in average
temperature between the periods before and after the identified structural breakpoint year for each
region. The independent variables are the urbanization rate and the industrialization rate, respectively.
These variables were selected to assess whether demographic and economic transformations have
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contributed to regional climate trends.
The basic regression model can be specified as follows:
ﬂﬂ=fx+ﬁ1Xi+EE- (5)

where AT: s the change in average temperature in region i, X: js either the urbanization rate or the

industrialization rate in region i, % is the constant term, B is the coefficient of interest, and i is the
error term.

The results of the regressions are presented in Table 4. The findings indicate that urbanization has a
statistically significant positive association with temperature change. Specifically, this relationship is
significant at the 90% confidence level, suggesting that regions with higher urbanization rates have
experienced more pronounced increases in temperature.

Table 4: Impact of Urbanization and Industrialization on the Temperature Change

Model (1) Model (2)
N 0.64*
Urbanization (0.32)

. 0.23
Industrialization (0.53)
Constant 0.67 1.01
R-squared 0.1502 0.0081
Note: *: p < 0.1, standard errors in the parenthesis.

Source: Calculated by the authors.

In contrast, the analysis did not find a statistically significant relationship between temperature change
and industrialization rates. This result implies that, within the scope of this study, industrial development
does not appear to have a measurable impact on regional temperature trends.

To further illustrate the findings, a scatter plot is provided in Figure 3. The plot visualizes the relationship
between temperature change and urbanization across the 26 NUTS-2 regions, highlighting the upward
trend consistent with the regression results.

Figure 3: The Relationship Between Temperature Change and Urbanization

© |
°
< | °
N
o L ® ®
o °® °
T T T T T T
4 5 .6 7 8 9

Source: Calculated by the authors.
5.3 Changes in Precipitation Amounts

When the Bai-Perron test was applied to precipitation data, it generally revealed no structural breaks.
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However, when break years identified in regional temperature data were used as reference points,
statistically significant shifts in precipitation patterns were detected. (Table 5)

Specifically, precipitation levels decreased in the Western Marmara, Aegean, Mediterranean, Eastern
Anatolia, and Southeastern Anatolia regions. In contrast, increases were observed in the Eastern
Marmara, Central Anatolia, and Black Sea regions. (Figure 4)

Table 5: Changes in Precipitation Amounts in NUTS-2 Regions

Temperature Pre-Break Post-Break Post-Pre
Region Structural Break | Precipitation Precipitation Difference

Year Average Average
TR10-Istanbul Sub Region 1999 60.36 57.58 -2.78
TR21-Tekirdag Sub Region 1998 51.21 51.57 0.36
TR22-Balikesir Sub Region 1999 58.26 58.09 -0.17
TR31-Izmir Sub Region 1999 62.19 63.85 1.66
TR32-Aydin Sub Region 1998 84.13 80.91 -3.22
TR33-Manisa Sub Region 1998 49.87 49.82 -0.05
TR41-Bursa Sub Region 1998 47.50 51.36 3.86
TR42-Kocaeli Sub Region 1998 46.16 48.38 2.22
TR51-Ankara Sub Region 2001 33.74 34.29 0.55
TR52-Konya Sub Region 2001 27.40 29.48 2.08
TR61- Antalya Sub Region 1998 60.28 55.49 -4.79
TR62- Adana Sub Region 1998 70.77 68.49 -2.28
TR63- Hatay Sub Region 1998 83.09 82.13 -0.96
TR71-Kirikkale Sub Region 2001 30.97 30.98 0.01
TR72-Kayseri Sub Region 1998 39.66 40.62 0.96
TR81-Zonguldak Sub Region 1998 101.84 102.91 1.07
TR82-Kastamonu Sub Region 1998 42.64 48.42 5.78
TR83-Samsun Sub Region 1998 42.63 45.50 2.87
TR90-Trabzon Sub Region 1998 115.03 122.15 7.12
TRAZ1Y -Erzurum Sub Region -
TRA2-Agr1 Sub Region 1994 45.26 40.95 -4.31
TRB1- Malatya Sub Region 2001 36.53 33.17 -3.36
TRB2-Van Sub Region 1994 34.02 33.82 -0.20
TRC1- Gaziantep Sub Region 1998 53.12 54.54 1.42
TRC2- Sanlwurfa Sub Region 1998 47.59 43.39 -4.20
TRC3- Mardin Sub Region 1998 70.72 58.46 -12.26

Source: Authors’ calculations.

Figure 4: Regional Precipitation Change in Turkiye (1950-2021)-Heat Map
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10 No structural break is found with a 0.15 trimming and a 0.1 significance level. However, with a 0.05 trimming
and a 0.1 significance level, a break is identified in 2010.
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Table 6: Changes in Precipitation Amounts in NUTS-2 Regions in Turkiye, t-Test Results

Region Break Year Test Result Statistically
Significant?
TR10-istanbul Sub Region 1999 0.34 No
TR21-Tekirdag Sub Region 1998 0.93 No
TR22-Balikesir Sub Region 1999 0.96 No
TR31-izmir Sub Region 1999 0.68 No
TR32-Aydin Sub Region 1998 0.48 No
TR33-Manisa Sub Region 1998 0.98 No
TR41-Bursa Sub Region 1998 0.11 No
TR42-Kocaeli Sub Region 1998 0.21 No
TR51-Ankara Sub Region 1998 0.77 No
TR52-Konya Sub Region 2001 0.25 No
TR61- Antalya Sub Region 1998 0.21 No
TR62- Adana Sub Region 1998 0.66 No
TR63- Hatay Sub Region 1998 0.78 No
TR71-Kirikkale Sub Region 2001 0.10 No
TR72-Kayseri Sub Region 1998 0.55 No
TR81-Zonguldak Sub Region 1998 0.79 No
TR82-Kastamonu Sub Region 1998 0.0038 Yes*
TR83-Samsun Sub Region 1998 0.07 Yes**
TR90-Trabzon Sub Region 1998 0.04 Yes*
TRA1 -Erzurum Sub Region -
TRAZ2-Agr1 Sub Region 1994 0.03 Yes*
TRB1- Malatya Sub Region 2001 0.08 Yes**
TRB2-Van Sub Region 1994 0.90 No
TRC1- Gaziantep Sub Region 1998 0.70 No
TRC2- Sanliurfa Sub Region 1998 0.22 No
TRC3- Mardin Sub Region 1998 0.0036 Yes*
Note: *: p<0.05 **p<0.1

Source: Authors’ calculations.

To determine whether changes in precipitation are statistically significant, a t-test was performed. The
results are presented in Table 6.

According to the t-test results, changes in precipitation are statistically significant in six regions.
Specifically, significant changes were found in the Central and Eastern Black Sea regions and the
Malatya Subregion (Malatya, Elaz1ig, Bingol, and Tunceli) at the 90% confidence level. At the 95%
confidence level, significant changes were observed in the Agr Subregion (Agri, Igdir, Ardahan, and
Kars) and the Mardin Subregion (Mardin, Batman, Sirnak, and Siirt). No statistically significant changes
were found in the remaining regions, suggesting that structural breaks in precipitation have not yet
occurred there. The results align with Kitoh et al.(2008) for the Malatya Subregion, with Yavuz and
Erdogan (2011) for the Black Sea Region, and, although not statistically significant, with Kurt (2020)
and Fujihara et al. (2008) for the Adana Subregion.

Structural breaks in temperature and precipitation may have far-reaching implications for various
economic sectors—particularly agriculture—by influencing productivity and, consequently, price
dynamics. Furthermore, persistent changes in climate can affect the frequency and severity of natural
disasters, trigger inter-regional migration, alter settlement patterns, and pose challenges to public health.
These impacts underscore the importance of further research into the long-term socioeconomic
consequences of climate change in Turkiye.

6. Conclusion

Climate refers to the long-term fluctuation of temperature, precipitation, and similar atmospheric
variables over a specific period. The earliest indicators of climate change are typically observed through
shifts in temperature and precipitation levels. These changes allow for inferences about the climate
dynamics of a particular region or country.

11 No structural break is found with a 0.15 trimming and a 0.1 significance level. However, with a 0.05 trimming
and a 0.1 significance level, a break is identified in 2010.
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This study uses data from the Turkish State Meteorological Service (MGM) for the period 1950-2021
to detect structural breaks in Tiirkiye’s temperature and precipitation patterns. The analysis revealed
that, with the exception of the TRAL region (Erzurum Sub Region), all 25 NUTS-2 regions experienced
at least one structural break in temperature during this period. No structural break was detected in
precipitation trends. However, when precipitation data were analyzed in relation to the break years
identified in temperature, statistically significant changes were observed. Specifically, precipitation
decreased in the Eastern and Southeastern Anatolia regions, while it increased in the Black Sea region.

According to the structural break analysis, the most recent break year in all regions—except TRA2 (Agr
Sub Region)—occurred in the late 1990s or early 2000s. A comparison of average temperatures before
and after the identified break years confirms that temperatures increased in all regions of Turkiye
between 1950 and 2021, though the extent of this increase varied. The most pronounced temperature
rises occurred in the Eastern Anatolia region, while the Western Black Sea region experienced the
smallest increase. Among the three most populous provinces—Ankara, Istanbul, and {zmir—all saw
rising temperatures, with Ankara recording the highest increase.

The relationship between temperature change, urbanization, and industrialization has also been
examined in this study. The results show that temperature change is statistically associated with
urbanization. As urban areas grow, their influence on local temperature trends becomes more evident.
In contrast, the analysis did not reveal any statistically significant relationship between temperature
change and industrialization. This suggests that, within the scope of this study, industrial activity may
not have played a measurable role in regional temperature variation.

The regions most adversely affected by climate change appear to be Eastern and Southeastern Anatolia,
where both rising temperatures and declining precipitation were observed. Conversely, the Black Sea
region seems to be the least affected, with relatively moderate temperature increases and a noticeable
rise in precipitation.

Changes in temperature and precipitation regimes can have both negative and positive effects on
economic activities. These shifts influence agricultural production by altering crop patterns and yields
and affect energy generation through their impact on river flows. In addition, temperature increases and
changing precipitation patterns can shorten or extend construction periods, thereby affecting the
construction industry, the services sector—particularly tourism—and various public services.

If these trends persist, they may also significantly influence the frequency and distribution of natural
disasters, with substantial consequences for quality of life. Rising temperatures and reduced
precipitation increase the risk of droughts and wildfires, while changes in precipitation patterns could
lead to more frequent floods and inundations. These realities underscore the need for climate-resilient
planning across all economic sectors. For example, irrigation systems, urban development, and disaster
preparedness strategies must be designed with climate change projections in mind.

While this study provides robust regional estimates, future research could expand by focusing on
monthly extremes or by integrating socioeconomic variables (e.g., urbanization, population density) to
better assess how weather events disrupt various economic sectors.
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Genisletilmis Ozet

Sanayi Devrimi sonrasi diinya, iiretim ve tiikketimde biiyiik bir artis yasamis, bu da fosil yakitlar gibi
iiretim girdilerinin daha yogun ve ¢ogu zaman dikkatsizce kullanilmasina yol agmistir. Cevreye atiklarin
sorumsuzca birakilmasi, hizli kentlesme ve niifus artisi, bu gelismelerin yikici etkilerini dnemli 6l¢iide
artirmistir. Son yillarda, kiiresel kamuoyu ve karar vericiler arasinda artan farkindalik, kiiresel 1sinma
ve iklim degisikliginin etkilerine yonelik arastirmalarin, degerlendirmelerin ve analizlerin artmasina
neden olmustur. Iklim degisikligi, giiniimiiz yasam standartlarin1 ve insanligin uzun vadeli gelecegini
tehdit eden en kritik sorunlardan biri olarak kabul edilmektedir. Dogal afetlerin siklig1 ve siddetindeki
artig, tarim triinleri desenlerinde ve sektorel verimliliklerdeki degisiklikler, yiizey ve yeralti su
kaynaklarinin kullanilabilirligindeki degisimler gibi sonuglar, iklim degisikliginin kiiresel etkilerini
acikea ortaya koymaktadir. Bazi bolgeler kisa vadede olumlu etkiler yasasa da genel kiiresel etki agirlikli
olarak olumsuzdur.

Sicaklik ve yagis iklim degisikligini degerlendirmek i¢in kullanilan iki temel gdstergedir. Bu
degiskenlerin uzun dénemli analizleri bir bolgede iklim degisikliginin varligini ortaya koyabilmektedir.
Sicaklik ve yagis serilerindeki yapisal kirilmalar, iklimle ilgili degisikliklerin gostergesi olarak
yorumlanmaktadir.

Tiirkiye ¢esitli cografi 6zellikleri ve gecis iklim bolgeleri nedeniyle iklim degisikliginin etkilerine kars1
oldukca hassastir. Yagis ve sicakliktaki bolgesel degisiklik kaliplarin1 anlamak, uyum stratejileri
gelistirmek i¢in kritik 6neme sahiptir. Her ne kadar konu ile ilgili ulusal diizeyde ¢aligsmalar artmis olsa
da bolgesel Olcekte saglam ekonometrik teknikler kullanan ampirik aragtirmalar sinirli kalmistir. Bu
calisma, Tirkiye’nin Diizey 2 bolgelerindeki iklim degisikliginin varligini, sicaklik ve yagis
egilimlerinde coklu yapisal kirilma analizi yoluyla incelemek suretiyle bu boslugu doldurmayi
amaclamaktadir.

Calisma, Meteoroloji Genel Midiirliigii’nden elde edilen 1950-2021 dénemini kapsayan 56 istasyondan
alan aylik ortalama sicaklik ve yagis verilerini kullanmigtir. Eksik veriye sahip istasyonlar, yillik
ortalamalar hesaplanirken dahil edilmemistir. Her istasyonun ait oldugu Diizey 2 bdlgesi belirlendikten
sonra her bolge igin 72 yillik zaman serileri olusturulmustur. Ornek biiyiikliigiinii artirmak ve analizin
saglamligini giiclendirmek igin, Haziran’dan sonraki Haziran’a kadar olan 12 aylik ortalamalar da
hesaplanmis ve bu iki set birlestirilerek her bolge igin 144 gézlem igeren zaman serileri olusturulmustur.

Yapisal kirilma analizi i¢in bilinmeyen kirilma tarihlerini tespit etmeyi amaclayan Bai-Perron testi
kullanilmistir. Analizler, EViews yazilimi1 kullanilarak her bolge i¢in ayr1 ayr1 gerceklestirilmistir.
Sicaklik ve yagis, bagimli degiskenler olarak alinmis ve sabit bir bagimsiz degiskenle en kiiciik kareler
yontemiyle iki ayr1 denklem tahmin edilmistir. Hatalardaki seri korelasyonu hesaba katmak i¢in, ikinci
dereceden spektral cekirdek tabanli heteroskedastisite ve otokorelasyon tutarli (HAC) kovaryans
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spesifikasyonu uygulanmis, On-beyazlatma islemi igin sabit bir donemlik gecikme belirlenmistir.
Kirilmalarin varlig, supF testi ile tespit edilmis ve kirilma sayisi ile zamanlamast, sirali supF(1+1/1) testi
ile belirlenmistir.

Yapilan analizler neticesinde TRA1 bolgesi (Erzurum, Erzincan, Bayburt) harig, 26 Diizey 2 bdlgesinin
25’inde sicaklikta yapisal kirilmalar tespit edilmistir. Kirilmalarin ¢ogu 1990’1ar ve 2000’lerin basinda
gerceklesmistir. Tiim bdlgelerde kirilma sonrasi sicakliklar artmistir. En biiyiik sicaklik artisi TRB2
bolgesinde (Van, Mus, Bitlis, Hakkari) gozlenirken, en kiiglik artig TR81 bdlgesinde (Zonguldak,
Karabiik, Bartin) kaydedilmigtir. Dogu Anadolu ve Trakya’da sicaklik artiglar1 daha belirgin olmus, kiy1
bolgelerinde (Adana ve Mersin hari¢) daha kiigiik degisimler gortilmiistiir. Karadeniz Bolgesi nispeten
tliml sicaklik artiglar sergilemistir. Marmara Bolgesi’nde artig 1°C’yi asarken, Akdeniz Bolgesi’nde
yalmzca Adana-Mersin alt bdlgesinde bu seviye gecilmistir. ¢ Anadolu’da Konya-Karaman bolimi
hari¢ sicaklik artis1 1°C’yi asmistir. Dogu ve Giineydogu Anadolu’da da benzer sekilde cogu bolgede
artig 1°C’yi gegmistir.

Yagis verilerine Bai-Perron testi uygulandiginda yapisal kirilma tespit edilmemistir. Ancak, sicaklik
kirilma yillari referans alindiginda, bolgelerin bazilarinin yagis desenlerinde istatistiksel olarak anlamli
degisimler gozlenmistir. Bati Marmara, Ege, Akdeniz, Dogu Anadolu ve Giineydogu Anadolu
bolgelerinde yagis seviyeleri azalirken, Dogu Marmara, I¢ Anadolu ve Karadeniz bolgelerinde artiglar
gbzlenmistir. t-testi sonuglarina gore, alti bolgede yagis degisimleri istatistiksel olarak anlamli
bulunmustur: Orta ve Dogu Karadeniz bolgeleri ile Malatya alt bolgesi (Malatya, Elazig, Bingdl,
Tunceli) %90 giiven diizeyinde; Agn alt bolgesi (Agri, 1gdir, Ardahan, Kars) ve Mardin alt bolgesi
(Mardin, Batman, Swrnak, Siirt) %95 giiven diizeyinde anlamli degisimler gostermistir.

Sicaklik degisimi ile kentlesme ve sanayilesme arasindaki iliski, en kiiciik kareler (OLS) yontemiyle iki
ayr1 regresyon denklemi kullanilarak incelenmistir. Bagimli degisken, kirilma oncesi ve sonrasi
donemler arasindaki ortalama sicaklik farki olarak tanimlanmigtir. Kentlesme ve sanayilesme oranlari
ise bagimsiz degiskenlerdir. Bulgular, kentlesme oraninin sicaklik degisimi ile %90 giiven diizeyinde
istatistiksel olarak anlamli ve pozitif bir iligkiye sahip oldugunu gostermektedir. Daha yiiksek kentlesme
oranina sahip bolgeler, daha belirgin sicaklik artiglar yasamistir. Buna karsilik, sanayilesme oranlart ile
sicaklik degisimi arasinda istatistiksel olarak anlamli bir iligki bulunmamastir.

Sicaklik ve yagis rejimlerindeki degisimler, tarim, enerji liretimi, ingaat, turizm ve kamu hizmetleri gibi
ekonomik sektorleri etkileyebilecegi degerlendirilmektedir. Artan sicakliklar ve degisen yagis kaliplari,
kuraklik, orman yanginlari, sel ve tagkin risklerini artirabilecektir. Bu nedenle, sulama sistemleri, kentsel
gelisim ve afet hazirlik stratejileri gibi alanlarda iklim degisikligi projeksiyonlarina dayali planlamalar
kritik 6nemi haizdir. Gelecek arastirmalar, aylik ekstrem degerlere odaklanarak veya sosyoekonomik
degiskenleri (0r. kentlesme, niifus yogunlugu) entegre ederek, hava olaylarimin ekonomik sektorler
iizerindeki etkilerini daha iyi degerlendirebilecektir.
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