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Abstract This study aimed to analyse the changes and trends in the temperature extremes at the Ayvalik, Balikesir,
Bandirma, Burhaniye, Dursunbey, Edremit, and Gonen meteorological stations in Balikesir province, all
of which have long-term meteorological observation records. In this framework, 16 extreme temperature
indices such as the maximum value of the daily maximum temperature (TXx), the minimum value of the
daily minimum temperature (TNn), summer days (SU25), and tropical nights (TR20) were calculated using
the daily temperature data from these stations for the 1975 to 2023 period. The temperature indices were
evaluated in three main categories: degrees, days, and percentages. Trends in these extreme temperature
indicators, calculated using the RClimdex package, were analysed with the Mann-Kendall trend test and
slope estimate. The results indicate significant increases in the warming-related temperature indices
at most stations, while the cooling-related indices generally show a decreasing trend. Over the 49-year
period, the SU25 index increased by 25 days in Balikesir and Edremit, while the TR20 index increased by 65
days in Bandirma and by 58 nights in Ayvalik. The percentage of warm nights (TN90p) increased between
5% and 19% across the stations, whereas the number of cold days (TX10p) decreased by 10% to 13%. These
findings demonstrate that climate change has a substantial impact on temperature extremes in Balikesir
province, with both global climate change and urbanisation contributing to these changes.
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Introduction

While extreme weather events are partly linked to natural
climate variability, anthropogenic global climate change has
significantly increased their frequency, intensity, and duration
(Stott et al, 2016). Human activities—such as the rise in
fossil fuel consumption following the industrial revolution,
unsustainable use of natural resources, improper land use,
and deforestation—have led to a substantial accumulation
of greenhouse gases in the atmosphere, including carbon
dioxide, methane, and nitrous oxide (Filonchyk et al., 2024).
This build-up has intensified pressure on the climate system,
contributing to a global rise in the occurrence and severity
of extreme weather events and related natural disasters
(IPCC, 2021). These events, which directly affect human life,
have increased markedly across the world in the 21 century
(Carbon Brief, 2022). According to the report by EM-DAT
(The International Disaster Database), 83% of the disasters
recorded between 2000 and 2019 were directly linked to
extreme weather events. These included floods (44%), storms
(28%), extreme temperatures (6%), and droughts (5%). Notably,
the number of disasters caused by extreme temperatures
increased significantly—from 130 events between 1980 and
1999 to 432 events between 2000 and 2019, representing more
than a threefold rise (UNDRR, 2020). Based on projections from
current climate models (SSP scenarios), global mean surface
temperatures are projected to increase by 1°C (optimistic,
SSP1-19) to 5.7°C (pessimistic, SSP5-8.5) by the end of the
century, compared to the 1850-1900 baseline period (IPCC,
2021).

Extreme weather events vary significantly depending
on the geographical location. According to reports by
the World Meteorological Organization (WMQO) and the
Intergovernmental Panel on Climate Change (IPCC), the
Mediterranean Basin is among the regions projected to be
most severely affected by this variability (IPCC, 2013; WMO,
2016). The Mediterranean Basin, identified as a significant
climate change hotspot where the effects of global warming
are relatively more pronounced (Giorgi, 2006), is experiencing
increasingly important changes in extreme weather values.
Summer temperatures along the North Aegean coasts are
projected to increase by up to 3°C during the period 2013-
2040. These temperature increases are expected to become
more pronounced in the spring and summer seasons during
the subsequent periods of 2041-2070 and 2071-2099 (Demir et
al,, 2013). Long-term daily meteorological observations play a
crucial role in identifying extreme weather events. In recent
years, the growing availability of such long-term data on
a global scale, along with an increase in related research,
has contributed to obtaining more objective and reliable

results. Extreme weather events, which are considered one of
the key manifestations of climate change (Erlat and Yavasli,
2009), directly or indirectly affect numerous sectors such
as health, tourism, agriculture, food security, forestry, and
water resources (Jahn, 2015). This situation underscores the
importance of monitoring changes in the frequency, intensity,
and duration of such events, as well as identifying emerging
trends. Indeed, the literature contains numerous scientific
studies that systematically analyse the spatial and temporal
variations of extreme weather events (Alavinia and Zarei,
2020; Frimpong, Koranteng and Molkenthin, 2022; Aydin and
Karabulut, 2022; Likinaw, Alemayehu and Bewket, 2023; Keskin
and Saplioglu, 2023; Wang, Wu and Liu, 2024).

Some of these studies focused on regional analyses
conducted in different countries and revealed noteworthy
findings regarding changes in extreme temperature indices.
For instance, in the Carpathian region (Romania), there was
a marked increase in tropical nights, summer days, and both
daily minimum and maximum temperatures during the period
from 1961 to 2010. In contrast, significant decreasing trends
were observed in the indices for frosty nights and days,
as well as cold nights and days (Croitoru and Piticar, 2012).
In a study evaluating the period from 1980 to 2012 in the
Central Adriatic region (Italy), an increase was observed in
the number of warm days and nights, tropical nights, summer
days, and the duration of the warm spell duration index.
Significant decreases were noted in cold-related extremes,
such as cold nights and frosty and icy days (Scorzini, Bacco
and Leopardi, 2018). A study conducted in Malawi for the
periods 1961-2005 and 1982-2015 observed an increasing trend
in extreme temperature indices, while a decreasing trend was
noted for cold wave indices. Furthermore, attention was drawn
to the trends in temperature increases during the more recent
period (Mtewa et al., 2025).

Research undertaken in Turkiye also revealed similar trends.
A study using temperature data from 100 stations in Turkiye
between 1971 and 2004 found an increase in the number of
tropical nights and summer days, along with a decrease in
the number of frosty and icy days. A significant portion of
these trends were statistically significant at the 95% level.
Additionally, the study identified a significant increase in
the frequency of warm days and nights, accompanied by a
notable decrease in the occurrence of cold days and nights
(Sensoy, Demircan and Alan, 2008). Erlat and Yavasli (2009)
analysed the trends in tropical nights and summer days
using data from 10 stations in the Aegean Region for the
period between 1938 and 2008. The study findings revealed
a statistically insignificant increasing trend until the 1970s,
followed by significant increasing trends in most stations

Cografya Dergisi-Journal of Geography, (51): 107-122




Effects of Climate Change on Balikesir Province: Investigation of Temperature Extremes for the Period 1975-2023 | Ozdel et al., 2025

starting in the 1970s. Since the 1980s, an increasing trend
in tropical nights and summer days has been observed,
with significant increases in a large portion of the stations,
particularly during the last decade of the dataset. Erlat and
Yavasli (2011) analysed trends in temperature extremes in the
Aegean region using the Mann-Kendall trend analysis with
six different temperature indices (number of warm days and
nights, number of cold days and nights, summer days, and
tropical days). The analysis revealed statistically significant
increases in warm days and nights across all stations over the
last 35 years. A study using daily temperature data from 97
stations in Turkiye between 1970 and 2006 found an increasing
trend in the number of warm and extreme warm days, along
with a significant decreasing trend in the number of cold
and extreme cold days (Acar Deniz and Gonencgil, 2015). Erlat
and Tlrkes (2017) identified a strong increasing trend in the
number of annual tropical nights across a significant portion
of Turkiye after 1985. Using data from 7 stations in the Marmara
Region, Abbasnia and Toros (2018) found an increasing trend
in warm nights and days, the warm spell duration index,
summer days, and tropical nights, alongside a decreasing
trend in cold nights and days, icy days, and the cold spell
duration index. Similarly, Diin and Gonencgil (2021) observed
an increase in summer days and warm days and nights, as well
as a decrease in cold nights and days, cold spell duration, and
daily temperature range in a significant portion of the Aegean
Region.

On the other hand, urbanisation constitutes a critical
factor impacting temperature trends. With the escalation of
urban populations, alterations in land use and land cover,
increased energy consumption, and heat emissions resulting
from anthropogenic activities, the "Urban Heat Island"
phenomenon has emerged. This phenomenon engenders a
divergence in the temperature trends observed in urban
locales compared to those in rural areas. An abundance of
studies has scrutinised the ramifications of urbanisation on
mean temperature series, and their conclusions consistently
suggest that urbanisation significantly exacerbates warming
trends (Aykir, 2017; Zhao et al,, 2019; Sun et al,, 2019; Manalo et
al,, 2021; Yilmaz and Ozcanli, 2021).

This research endeavour sought to elucidate the temporal
and spatial changes in temperature extremes in Balikesir
province, which holds significant importance for tourism and
agriculture in Turkiye, through statistical analyses. In this
context, 16 different temperature indices were generated
from daily temperature data obtained from 7 meteorological
stations (Ayvalik, Balikesir, Bandirma, Burhaniye, Dursunbey;,
Edremit, and Gonen), with a long observation period of 30
years. The Mann-Kendall Test was applied to these indices

to assess the temporal and spatial changes in extreme air
temperatures in the study area. The effect of climate change
on Balikesir province was analysed using daily maximum
and minimum temperatures, and the direction of change in
temperature extremes was determined.

Study Area

Balikesir province is situated between the Marmara and
Aegean regions of Tlrkiye, with a large part of its
territory falling within the Marmara Region (Figure 1). The
province’s location along both the Marmara and Aegean
Seas significantly influences its economic and commercial
potential. Balikesir city, the administrative centre of the
study area, is the most developed and densely populated
settlement in the area. According to the data of the Turkish
Statistical Institute for the year 2023, approximately 29.4% of
the province’s total population (1,273,519 people) resides in
the Karesi and Altieylll districts in central Balikesir, 13.5% in
Edremit, and 131% in Bandirma (TurkStat, 2023). The temporal
fluctuations in the populations of the localities housing
the analysed stations are delineated in Table 1, which was
compiled using data from Erel (1992) and TurkStat (2023).

Table 1
Population Data for the Years 1970-2023 (number of persons)
(compiled using data from Erel, 1992 and TurkStat, 2023)

Settlement Name 1970 1990 2010 2023
Balikesir (Centre) 85,004 170,589 334,893 374,304
Ayvalik 17,661 25,687 63,627 74,643
Bandirma 39,525 77 444 135,094 166,836
Burhaniye 11,908 21,805 51,089 65,790
Dursunbey 7,629 13,025 43,516 33,621
Edremit 24715 35,486 120,955 171,700
Génen 13,815 26,849 73,407 75,572
The annual mean temperatures recorded at the

meteorological stations used in this study range from 12°C to
17°C. As one moves inland, a general decline in temperatures
is observed; in Dursunbey, which is situated further inland,
the annual mean temperature decreases to 12°C. The total
annual precipitation spans from 525 mm to 720 mm, with a
notable reduction observed in more inland areas (Table 2).
According to the Ering Precipitation Efficiency Index (Ering,
1965) and De Martonne Drought Index (de Martonne, 1926),
calculated using the observation records of the stations in
the study, the region exhibits semi-humid and semi-arid to
humid climate characteristics (table3). Based on the Képpen-
Geiger Climate Classification, the study area largely falls under
the Csa climate class, known as the Mediterranean climate,
characterised by hot, dry summers and mild, rainy winters.

=
—
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On the other hand, in areas of the study site exceeding
1000 metres in elevation, the Csb climate class—characterised
by mild winters and warm, dry summers—can be observed

Figure 1

Location Map of the Study Area

R 27‘:0‘5 HO“II‘J'E 33"‘D'E 36"'0‘!5 39:[1'!5 42"Iﬂ‘E 45°0'E
(Tasoglu, Oztiirk and Yazici, 2024). o
Table 2 ¥ ¥
Temperature and Precipitation Data from the Stations Used in the
Study
£ L&
Station Name Annual Annual Annual Annual 3 a
Average maximum minimum total .
Temperature temperature temperature precipitation B
‘- ,.5.' 4
(°C)  average(°C) average(°C)  (mm) i 4'57 e e |
= o ¥ Medtterrentan il = _y‘ﬂ . o sonsl
Ayvalik 16.7 219 12.6 659 4 o \/‘%Y A=
Ba[|kesir 14 8 2_] 2 8 9 604 5 27"‘0'2 30“‘0'}: 33”‘0']3 36“‘0‘E 39’!0'15 42“‘("! 45°0°E
Bandirma 1k 1838 104 7159 =t L i s n
:.l:lf:il‘} i G L Black Sea
Burhaniye 16.4 219 Nk 6281 T Tt LN e .
- Graned F/ Tekirdag {"‘”‘ 7 lsl;mbulb ; ; & -
Dursunbey 123 18.7 7.2 5253 ER i pooN IR s N e
Baimel, B Kol .
Edremit 16.7 221 1.8 7203 W et
g ool e By
Génen 144 201 9.0 678.5 ey $
P 2%
- i J Bileck /]
7] 1] [%
2 / '_ﬁ{ 4 _ﬂ/‘éskisehir
-/ Flevation (m)
- High: 1767
e O Kiitahya | “““ Low:0
= .\'ﬂé‘iﬁs}i\ ,  fzmir "‘) Manisa\%}i@‘} . ——
£ Sl T s | province voraer L £
s o "y, 7| — National Border
26‘" Z7‘°E ZBI"E Z?l“E HIII“E
Table 3
Erin¢ and De Martonne Climate Classification Results of the Stations Used in the Study
Fe Ma Ap Ma Ju Ju Au Se Oc No De Annua

Jan

b r r n 1

y

t

Im
Ayvahlk  Ipm
Im
Balikesir Ipm
Im
Bandirma Ipm
Im
Burhaniye Ibm
I
Dursunbe m
Ipm
y
Im
Edremit Ipm
Im
Gonen Ipm
Humi
d

Transition between the
Semi-Arid and Humid

Semi-
Humid

Semi-Arid

Cografya Dergisi-Journal of Geography, (51): 107-122

\

c 1




Effects of Climate Change on Balikesir Province: Investigation of Temperature Extremes for the Period 1975-2023 | Ozdel et al., 2025

Table 4
Information About the Stations Used

Station Name Station Number Latitude (°) Longitude(°) Elevation (m) Measurement Range Station Type
Ayvalik 17175 39.3113 26.6861 4 1958-2023 Coastal
Balikesir 17152 39.65 27.8666 102 1938-2004 Non-coastal
Balikesir (Airport) 17150 39.6326 27.9201 102 1999-2023 Non-coastal
Bandirma 1714 40.3315 27.9965 63 1950-2023 Coastal
Burhaniye 17722 39.4983 26.9755 20 1975-2023 Coastal
Dursunbey 17700 39.5778 28.6322 637 1966-2023 Non-coastal
Edremit 17174 39.5895 27.0192 21 1962-2023 Coastal
Gonen 17674 401135 27.6426 37 1695-2023 Coastal

Data and Method

This study utilised 49 years of daily maximum and minimum
temperature records from 7 meteorological stations within the
boundaries of Balikesir province, obtained from the General
Directorate of Meteorology for the years 1975-2023 (Table 4).
The principal criterion for selecting the meteorological
stations incorporated in this research was the presence of at
least three decades of consistent daily temperature records.
Given that the study was executed at the provincial level,
meteorological stations located in both the coastal and inland
regions of Balikesir province were deliberately chosen to
adequately represent the province's geographical diversity,
thereby ensuring a spatially representative and homogeneous
distribution throughout the study region. Furthermore, to
enhance the accuracy of the climatic assessment of the
central district of Balikesir, data were combined from two
distinct stations servicing this locale. As delineated in
Table 4, this methodological rationale stems from the fact
that the Balikesir Meteorological Station (ID: 17152) possesses
data spanning from 1938 to 2004, while the Balikesir
Airport Station (ID: 17150) has been consistently collecting
measurements since 1999. Considering the close spatial
proximity and comparable elevation of these two stations,
their data were combined into a singular continuous dataset
and subsequently analysed accordingly. The stations were
additionally categorised into urban and rural classifications.
Stations located in urban areas with populations ranging from
300,000 to 500,000 were classified as medium-sized urban
stations; those situated in urban areas with populations
between 100,000 and 300,000 were designated as small-
sized urban stations; and stations in locales with populations
under 100,000 were classified as rural stations (Demircan
et al, 2017). In accordance with contemporary population
statistics, the Balikesir station was classified as a medium-
sized urban station, the Bandirma and Edremit stations were
identified as small-sized urban stations, and the Ayvalik,

Burhaniye, Dursunbey, and Gonen stations were classified as
rural stations.

The observational records obtained from the selected
meteorological stations were used to derive 16 temperature-
related indices out of the 27 core indices developed by
the Expert Team on Climate Change Detection and Indices
(ETCCDI) (Rahimi and Hejabi, 2018). The temperature indices
were calculated using the RClimdex v1.0 package, developed
by the Climate Research Branch of the Meteorological Service
of Canada on behalf of ETCCDI, and implemented in the R
programming language (Zhang et al, 2011). The calculated
indices were categorised into three groups: degree-based
indices, day-based indices, and percentage-based indices
(Figure 2). RClimdex, an effective tool approved by the World
Meteorological Organization (WMO), is widely recognised and
used in the analysis of extreme climate events (Almazroui
et al., 2014; Sein, Chidthaisong and Qo, 2018; Fall et al., 2027,
Kalita, Kalita and Saxena, 2023). In this study, the threshold was
defined as four times the mean + standard deviation (mean
- 4 x std, mean + 4 x std) for each day (Zhang et al., 2005;
Alexander et al,, 2006; Sensoy et al, 2013). The daily maximum
temperature (Tmax) and daily minimum temperature (Tmin)
records from each station were quality checked before the
calculation of the indices. In cases of missing data or when
Tmax <Tmin, a value of -99.9 was entered in the corresponding
cells in Microsoft Excel (Aykir, 2017).

==
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Figure 2

Extreme Temperature Indices Used in the Study (Adapted from
Yin and Sun, 2018 and Climdex: https://www.climdex.org/learn/
indices/)

Category Code Index Name Index Definition
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In this study, statistical methods were applied to address
the missing data in the long-term temperature records
from the seven meteorological stations. The missing data
were estimated using single and multiple linear regression
models in R software, based on the temperature data from
neighbouring stations (Hasanpour Kashani and Dinpashoh,
2012). The model suitability and reliability of the predicted
values were statistically evaluated. The results showed that
the estimated values derived from the regression analyses
were statistically significant (p< 0.005). The low p-values
indicate that the regression coefficients are significantly
different from zero, which shows that the models have high
explanatory power. The quality control and homogeneity of
the newly created time series, with the missing data filled in,
were assessed using the R-based RHtest software (Ferrelli et
al., 2024).

The Mann-Kendall (M-K) test was used to detect significant
trends in the time series of the constructed indices. This
analysis was performed using the trend package in the R
software, in accordance with the equations below. The M-
K test (Mann, 1945; Kendall, 1970) is a widely used statistical
method, endorsed by the World Meteorological Organization
(WMO), to determine the statistical significance of trends
in climatological and hydrometeorological time series (Gocic
and Trajkovic, 2013; Acar, Gonenggil and Korucu Gumusoglu,
2018; Tong et al, 2019; Durmus, Bulut and Gonencgil, 2027,

Gumus, Avsaroglu and Simsek, 2022; Yurtseven, 2023; Bayer-
Altin, Turkes and Altin, 2023; Ozdel and Meydan, 2024). The
M-K test does not require the data to be normally distributed,
and it has the advantage of being less sensitive to outliers
and skewed distributions compared to other tests (Dendir and

Birhanu, 2022).
n—1 n
S = Z E sgn(x; —xj)

i-1 j=i+l

In this equation, the M-K test statistic S is calculated. n is
the number of data, x; and x; are the consecutive data values
for the time series data of length n, and sgn(xi-x;) is the sign
function.

+L(x; —x;)>0
sgn(x; —xj)z 0;(xj -x)=0
—1;(x] —xl-) <0

The variance of the S value is calculated as follows:

p
n(n—-1)(2n+5)— Zt,(t- —1)(2; +5)

Var(S) = lg

where p is the number of repeated observations in the data
set, and t; value is the number of data values in group p. If
the sample size is n > 10, the time series is assumed to be
normally distributed and the significance of the test whose
variance is determined is determined by Zs;

i PV N
JVar(S)

Zg =40 ;8 =03
S;l;S<0
JVar(S)

The obtained Zs value is compared with the Z table to
determine whether to accept or reject the null hypothesis.
If 1Zs1>Z1-as2, the null hypothesis (H,), which states that there
is no trend in the series, is rejected, indicating a statistically
significant trend. In addition, a positive Zs value suggests an
increasing trend, while a negative value indicates a decreasing
trend in the time series (Saboohi, Soltani and Khodagholi,
2012; Atta-ur-Rahman and Dawood, 2017; Kliengchuay et al,
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Table 5
M-K Test and Slope Estimate (SE) Results for Degree-Based Indices
TXxX TXn TNXx TNn DTR
Ayvalik M-K Test 3.37%* 0.87 4,52*%* 173 -0.35
SE 0.059 0.018 0.062 0.032 -0.003
Balikesir M-K Test 1.50 -0.44 3.62** -1.45 411%*
SE 0.029 -0.014 0.069 -0.05 0.048
Bandirma M-K Test 0.24 0.75 6.06** 119 -314%*
SE 0.013 0.02 0.072 0.032 -0.017
Burhaniye M-K Test 1.57 1.39 447 0.64 1.23
SE 0.025 0.026 0.065 0.009 0.006
Dursunbey M-K Test 2.09% 0.45 128 0.39 5.56**
SE 0.039 0.008 0.011 0.009 0.034
Edremit M-K Test 212% 0.74 4.37%* 210% -2.04*
SE 0.046 0.019 0.058 0.039 -0.01
Génen M-K Test 0.63 0.83 4.21%* 1.09 1.39
SE 0.025 0.02 0.059 0.031 0.005

2024). The results obtained from the M-K test are statistically
analysed at 2 confidence levels.

Z critical value for o 0.05 significance level; £1.96 < |Z|< + 258,

Z critical value for a 0.01 significance level; |Z] > +2.58

Slope Estimate (SE) values produced by the RClimdex software
were used to determine the change of trends in unit time.
The slope estimate was obtained by the Kendall tau-based
calculation, and a p value less than 0.05 indicated that the
trend was statistically significant at the 95% confidence level
(Sensoy et al., 2013; Marigi, Njogu and Githungo, 2016). p values
were also used to evaluate the consistency of the results
obtained from the M-K Test. Additionally, changes over the
span of 49 years were computed based on the SE values
delineated in the tables.

Results

Degree-based Indexes

The TXx (maximum temperature maximum) index
demonstrated a statistically significant increasing trend at
the Ayvalik, Dursunbey, and Edremit stations. Although
increasing trends were also observed at the Balikesir,
Bandirma, Burhaniye and GoOnen stations, these trends
were not statistically significant. Among the stations with
significant increases, Ayvalik recorded the highest rise in
TXx, with an increase of 2.8°C over the 49-year period,
followed by Edremit with 2.2°C and Dursunbey with 1.9°C.
For the TXn index (minimum of maximum temperatures),
the changes observed across all analysed stations were not
statistically significant. However, analysis of the TNx index

(maximum of minimum temperatures) revealed statistically
strong and significant increasing trends at all stations except
Dursunbey. The magnitude of these increases over the study
period (49 years) was calculated as follows: 3.0°C in Ayvalik,
3.3°C in Balikesir, 3.5°C in Bandirma, 31°C in Burhaniye,
2.8°C in Edremit, and 2.8°C in Gonen. Regarding the TNn
index (minimum of minimum temperatures), a statistically
significant increasing trend was identified only at the Edremit
station, with a rate of 0.039°C per year. In the DTR index
(daily temperature range), statistically significant increases
were observed at the Balikesir and Dursunbey stations, with
respective increases of 2.3°C and 1.6°C. Conversely, significant
decreases were recorded at the Bandirma and Edremit
stations, with reductions of -0.8°C and -0.5°C, respectively
(Table 5; Figure 3).

Figure 3

Trend Results and Changes in Degree-Based Indices
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Day-based Indexes

The SU25 (summer days) index exhibited a statistically strong
and significant increasing trend across all stations analysed
in the study. Over the 49-year period, the number of summer
days increased by 18 days at Ayvalik, 25 days at Balikesir,
32 days at Bandirma, 22 days at Burhaniye, 33 days at
Dursunbey, 25 days at Edremit, and 32 days at Gonen stations.
Similarly, for the TR20 (tropical nights) index, statistically
significant increasing trends were observed at all stations
except Dursunbey. Among the stations with significant trends,
the increase in the number of tropical nights ranged from 18
to 65 days during the same period.

The WSDI (warm spell duration index) exhibited a statistically
significant increasing trend at all stations except Bandirma.
The highest increase was observed at Ayvalik station with 18
days, while the lowest was recorded at Gonen station with 6
days. Although the FDO (frost days) index showed a decreasing
trend across all stations, statistically significant decreases
were only observed at Bandirma, Edremit, and Gonen. The
annual decrease in these stations was calculated as -0.288
days in Bandirma, -0.249 days in Edremit, and -0.315 days in
Gonen. Regarding the IDO (icing days) index, no statistically
significant trend was detected in any station analysed.
The CSDI (cold spell duration index) showed a significant
decreasing trend at Ayvalik, Bandirma, and Edremit stations,
with decreases of 8, 6, and 7 days over the 49-year period,
respectively. Conversely, the GSL (growing season length)
index demonstrated a statistically significant increasing trend
at all stations except Balikesir and Bandirma, with increases
ranging from approximately 9 to 53 days (Table 6; Figure 4).

Figure 4
Trend Results and Changes in Day-Based Indices
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Percentage-based Indexes

Statistically strong and significant increasing trends were
identified in all stations for both TX90p (warm days)
and TN90p (warm nights). Over the 49-year period, TX90p
increased by between 8% and 13%, while TN90p rose by
between 5% and 19%. Conversely, the TX10p (cold days) index
exhibited a statistically significant decreasing trend at all
stations. The most pronounced decrease was recorded at
the Edremit station with 14%, whereas the lowest decrease
was observed at Bandirma and Dursunbey stations, each
with 10%. Regarding the TN10p (cold nights) index, a
statistically significant decreasing trend was observed at
all stations except Balikesir, where a slight increase was
detected, although it was not statistically significant. Within
the analysed time frame, decreases in TN10p were measured
as 14% at Ayvalik and Bandirma stations, 11% at Burhaniye,
6% at Dursunbey, 18% at Edremit, and 13% at Génen (Table 7;
Figure 5).
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Trend Results and Changes in Percentage-Based Indices
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Table 6
M-K Test and Slope Estimate (SE) Results of Day-Based Indices

SuU25 TR20 WSDI FDO IDO CSDI GSL
Ayvalik M-K Test 3.64** 6.89** 3.88** -1.72 0.31 -3.40** 2.35*%
SE 0.369 1194 0.362 -0112 0.001 -0.161 0179
Balikesir M-K Test 4.28%* 4.06** 2.85** 1.26 0.69 0.66 1.04
SE 0.514 0.362 0187 0.235 0.018 0.026 0.289
Bandirma M-K Test 4.65** 7.01%* 1.56 -2.49% -0.26 -2.57* 1.70
SE 0.663 1326 0.088 -0.288 -0.007 -0.123 0.340
Burhaniye M-K Test 4.31%* 6.66** 3.53** -1.94 -0.81 -0.76 210*
SE 0.452 1.012 0.306 -0.149 -0.003 -0.046 0.2
Dursunbey M-K Test 4.66** 1.24 402 -1.56 -0.98 -0.87 3.27**
SE 0.668 0.016 0.301 -0.241 -0.05 -0.042 1.092
Edremit M-K Test 4.92*%* 6.94** 3.02** -3.29** 0.06 -3.50** 2.48*
SE 0.515 1.257 0.226 -0.249 0.001 -0.149 0185
Gonen M-K Test 5.51%* 5.60** 1.96* -2.04* -0.10 -1.63 2.44*
SE 0.657 0.524 0132 -0.315 -0.005 -0.058 0.468
Table 7
M-K Test and Slope Estimate (SE) Results for the Percentage-Based Indices
TX90p TN9Op TX10p TN10p
Ayvalik M-K Test 5.02** 5.54** -5.69** -5.81**
SE 0.274 0.260 -0.242 -0.293
Balikesir M-K Test 45%* 2.51* -5.51%* 1.85
SE 0.164 0117 -0.246 0.069
Bandirma M-K Test 4.34%* 6.09%* -3.98** -6.46%*
SE 0155 0.394 -0.210 -0.295
Burhaniye M-K Test 416%* 5.23** -5.98** -5.20**
SE 0.24 0.256 -0.256 -0.228
Dursunbey M-K Test 5.28** 2.29* -5.18** -2.66**
SE 0.245 0.095 -0.206 -0.121
Edremit M-K Test 5.23** 6.20** -6.30** -6.15%*
SE 0.249 0.334 -0.284 -0.372
Gonen M-K Test 4.81%* 4.92%* -5.53** -4.56%*
SE 0185 0.234 -0.272 -0.265

Temporal Patterns of Extreme Temperature
Indexes

According to Figure 6, although interannual fluctuations are
observed in the TXx index, a statistically significant increasing
trend in maximum temperatures is evident across most
stations, particularly since the year 2000. Similarly, the TX90p
and TN90p indices, which represent the number of extremely
warm days and nights, respectively, have shown a notable
upward trend over the past decade (Figures 8a and 8b). The
SU25 index also exhibited a consistent increasing trend at all
stations, reaching up to 175 days per year in certain locations

(Figure 7 a). Furthermore, the TR20 indicator, which represents
the number of tropical nights, displays a pronounced increase,
especially at coastal stations such as Ayvalik, Burhaniye, and
Edremit (Figure 7 b). SU25 has an increasing trend in all
stations; in some stations, this value reaches up to 175 days.
There is also a remarkable increase in the TR20 indicator,
especially in coastal stations such as Ayvalik, Burhaniye and
Edremit.
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Figure 6
Temporal Patterns of Degree-Based Indexes (1975-2023)
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In recent years, the number of tropical nights (TR20) has
exceeded 50 days annually in several stations (Figure 7 b). A
significant decreasing trend was observed in the TX10p and
TN10p indices, which represent cold extreme events (Figures
8a and 8b). Analysis of Figure 8 a indicates that cold days
were predominantly concentrated before 2000, while their
frequency has markedly declined in the post-2000 period
across all stations. Examination of the temporal variation in
the GSL index (Figure 7 g) reveals that in coastal stations
such as Ayvalik, Burhaniye, and Edremit, the growing season
now extends nearly throughout the entire year. Although
inland areas such as Dursunbey and Balikesir initially
experienced shorter growing seasons, recent years have
shown a significant extension of this period across all stations,
indicating a widespread lengthening of the growing season.
Figure 7

Temporal Patterns of Day-Based Indexes (1975-2023)
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Figure 8
Temporal Patterns of Percentage-Based Indexes (1975-2023)
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Discussion and Conclusion

The TXx index illustrates an increasing trend across all
stations within the research area, denoting a significant
escalation in the maximum temperatures recorded during
hot days. In the context of ongoing climate change, this
trend implies a prospective increase in the frequency and
intensity of extreme heat events within Balikesir province.
Concerning the TXn index, increasing trends were observed
in all stations except Balikesir, although these changes were
not statistically significant. Such increases show that even the
cooler days are progressively becoming warmer, indicative of
a diminution in the severity of cold spells throughout much
of the region. These warming trends, instigated by climate
change, may culminate in milder winters and a reduction in
cold waves, potentially impacting the phenology of several
economically significant crops. This shift may pose challenges
for both farmers and agricultural production (Bisbis, Gruda
and Blanke, 2018). For instance, the inability to meet chilling
requirements may negatively affect both crop vyield and
quality for certain crops, such as olives, which hold significant
economic importance in Balikesir province (Ozdel, Ustaoglu
and Cirebal, 2024). Moreover, milder winters may have harmful
effects on ecosystems, including the proliferation of pest
populations and an increased risk of diseases (Skendzi¢ et
al, 2021). The TNx index demonstrates an increasing trend
across all stations, which serves as a clear indicator of global
warming and highlights the influence of climate change on
nighttime temperatures. The warming phenomenon during
the night further indicates a comprehensive increase in
temperature, extending heat waves beyond the daytime
into the night. This increase in nighttime temperatures can
limit the opportunity for cooling, intensified by the urban
heat island effect, which presents a significant challenge to
maintaining optimal comfort levels (Diin and Gonencgil, 2021).
Anincrease in warm nights can lead to sleep disturbances and
heat stress, particularly posing risks for the elderly, children,
and individuals with chronic diseases (Wolf et al, 2015;
Weilnhammer et al,, 2021). Additionally, energy consumption
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may significantly rise due to the increased demand for cooling
during hot nights (Li et al, 2019). The TNn index is increasing
across all stations except Balikesir. These increases indicate
that even the coldest nights are becoming warmer in most
parts of the study area, which could result in yield losses for
agricultural products that require cooling (Atkinson, Brennan
and Jones, 2013). On the other hand, the reduction in cold
nights may lead to a decrease in the energy consumption
for heating, especially in residential areas (Li et al, 2019).
It was found that the DTR increased at some stations
while decreasing at others. A decrease in the DTR indicates
that nighttime temperatures are rising faster than daytime
temperatures, thereby narrowing the day-night temperature
difference. In contrast, an increase in DTR signifies that the
temperature variation between day and night is widening (Sun
et al,, 2019). A statistically significant increase in the DTR was
identified at the Balikesir and Dursunbey stations, which may
be attributed to their inland geographical positions where
the maritime influence is minimal. In such regions, lower
humidity levels and diminished cloud cover frequently result
in accelerated heat dissipation during nighttime, thereby
contributing to a broader temperature disparity between day
and night. Additionally, the relatively elevated altitudes of
these stations may further facilitate nighttime cooling. Factors
such as proximity to the sea, humidity levels, cloud cover,
elevation, and land use diversity may significantly influence
the temperature variability.

The significant upward trend in the SU25 index across all
stations indicates that the number of days with maximum
temperatures exceeding 25°C is generally increasing in
Balikesir province, indicating more frequent and prolonged
heatwavesThe ascending SU25 values recorded across the
various stations indicate an overall rise in temperature and
an augmentation in the frequency of hot days, particularly
prominent during the summer months. Furthermore, the TR20
index evidences an increase in the number of nocturnal
periods characterised by temperatures exceeding 20°C within
the province. In a similar vein, the WSDI has increased
at all stations, signifying that prolonged hot periods are
becoming more frequent and last longer. These increases
could have substantial impacts on public health, energy
consumption, ecosystems, agriculture, and water resources.
The FDO index shows a decreasing trend at most stations,
indicating that the number of days with temperatures
below 0°C is decreasing. This trend is consistent with the
general reduction in frost events in temperate climates due
to climate change (IPCC, 2021). Similarly, the CSDI shows
a decrease at all stations except for Balikesir, indicating
that cold waves are becoming less frequent in the study

region, a phenomenon that is associated with the milder
winter conditions induced by climate change. The GSL
index increased at all stations, with statistically significant
increases in most areas, indicating that the growing season
has generally lengthened. A longer growing season implies
milder climates, with spring arriving earlier and fall extending
later. From an agricultural perspective, this extended growing
season offers opportunities for farmers to grow more crops
and potentially harvest more than once per year. However,
it could place additional pressure on water resources and
terrestrial ecosystems (Christiansen, Markstrom and Hay, 2011;
Sensoy et al., 2013).

The TX90p and TN90p indexes have increased across
all stations, which could pose significant challenges for
vulnerable populations, such as children and the elderly,
particularly those with chronic respiratory or cardiovascular
diseases (Franchini and Mannucci, 2015; Paz et al, 2016).
From an agricultural perspective, these increases may place
additional stress on the crops. The decreasing trends
observed in the TX10p index indicate that extreme cold days
are becoming less frequent.Similarly, the TN10p index shows
a decrease in most stations, indicating fewer cold nights,
meaning that night-time minimum temperatures are generally
rising and the overall climate is becoming warmer. These
findings are consistent with similar studies in the literature
(Erlat and Turkes, 2013; Sensoy et al, 2013; Acar Deniz and
Gonencgil, 2017, Erlat and Guler, 2018; Dun and Gonencgil,
2021) and support the results obtained in the present study.
Concurrent with our findings, previous research has also
reported significant upward trends in warm temperature
extremes and downward trends in cold extremes across
various regions of Tlrkiye. For example, Erlat and Yavasli (2011)
identified significant increases in the annual number of hot
days, hot nights, tropical days, and summer days in the Aegean
region. Similarly, Acar (2018) detected statistically significant
increases in temperature extremes in the Central Anatolia
Region. Abbasnia and Toros (2020), in their nationwide
study, highlighted a general increase in extreme heat events
alongside a decrease in cold extremes. Durmus, Bulut, and
Gonencgil (2021) found declining trends in frost and ice
days as well as in cold spell duration period indices in
the Antalya Section, while summer days, tropical nights,
and warm spell duration period indices showed significant
increases. Aksoy and Yesilirmak (2022) reported decreasing
trends in cold indices and increasing trends in warming-
related indices across 36 meteorological stations in Western
Anatolia. Aydin and Karabulut (2022) also observed decreasing
trends in frost and ice days in Konya, along with increases in
warm nights, warm days, summer days, and the warm spell
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duration period. Likewise, Yurtseven (2023), using data from
the Kandilli Observatory, found significant increasing trends
in the number of warm days, warm nights, summer days, and
tropical nights, while the number of frost days significantly
declined.

The observational stations of Ayvalik, Balikesir, Bandirma,
Burhaniye, Dursunbey, Edremit, and Gonen, as analysed in
this study, are situated within the Marmara and Aegean
regions, encompassing both coastal and inland territories.
This study, which examines alterations in indices pertinent
to extreme temperature phenomena over a 49-year period
(1975-2023), uncovers significant increasing trends in indices
representing maximum temperatures (TXx, TNx, SU25, TR20,
WSDI, TX90p, and TN90p), alongside decreasing trends in
indices representing minimum temperatures (FDO, CSDI,
TN10p, and TX10p). These trends exhibit a general relationship
with one another.

For instance, the SU25 index exhibited an increase at
rates fluctuating between 0.37 and 0.67 days annually,
which is commensurate with an augmentation of 3.7 to 6.7
summer days per decade. The TR20 index demonstrated
an escalation of 1.01 to 133 nights per year (equating
to 101 to 13.3 nights per decade), thereby indicating a
significant prolongation of the warm nocturnal conditions.
In a similar vein, the WSDI exhibited an annual increase
ranging from 0.09 to 0.36 days (0.9 to 3.6 days per decade),
thereby indicating a rise in the frequency of persistent
heat events. Furthermore, pronounced increases in the SU25
and TR20 indices within densely populated urban locales
such as Balikesir, Edremit, and Bandirma underscore the
escalating thermal stress experienced in these regions.
Significantly, in Ayvalik and Edremit, the TR20 index has
risen by more than one additional night per annum,
which may have precipitated a decline in nighttime thermal
comfort. While these warming patterns may temporarily yield
advantages for summer tourism by potentially prolonging
the season, sustained long-term elevations in extreme heat
may adversely affect tourist satisfaction and truncate average
durations of stay, particularly within the marine tourism
sector. Likewise, forecasts for the Mediterranean coastlines
of Spain imply that ascending temperature trends could
extend the coastal tourism duration, engendering favourable
conditions especially during the months of April-May and
September-October (de la Vara et al, 2024). Additionally,
the northern coastal territories of Spain are anticipated to
experience positive ramifications from these climatic changes,
both temporally and spatially (Barrutiabengoa et al.,, 2025).
Nonetheless, such warming trends may lead to heightened

energy consumption for cooling purposes and an increased
demand for water resources.

On the other hand, even less populated inland stations such
as Dursunbey are not exempt from this trend, with TX90p
increasing by approximately 0.24 days per year and heatwave
duration (WSDI) increasing by 0.30 days per year. In contrast,
cold extremes exhibited a declining trend. FDO decreased by
up to 0.32 days per year (approximately 3.2 fewer frost days
per decade), while CSDI declined by up to 0.15 days per year
(1.5 days per decade). TX10p decreased by up to 0.28 days per
year (2.8 days per decade), and TN10p declined by up to 0.37
nights per year (3.7 nights per decade).

Between 1975 and 2023, notable demographic transformations
were documented in the locales encompassing the seven
stations under scrutiny. For instance, the populace of Balikesir
city centre experienced an escalation from 85,004 in 1970 to
374,304 in 2023, signifying an increase of approximately 340%
(=44 times). Likewise, the population surged by approximately
322% in Ayvalik (=42 times), 322% in Bandirma (=42 times),
452% in Burhaniye (=5.5 times), 612% in Edremit (=71 times),
and 447% in Gonen (=54 times). Although Dursunbey’s
population has augmented by around 340% (=44 times)
relative to 1970, a recent decline in demographic numbers has
been noted within the district. These population increases
correspond with the observed ascendant trends in the
temperature indices. Population growth in urbanised regions
frequently results in alterations in land cover and land
utilisation, augmented energy consumption, a higher ratio
of artificial surfaces, and an increased density of heat-
retaining structures—all of which contribute to shifts in
urban dynamics. The observation that stations classified
as rural also demonstrate warming trends—some displaying
statistically significant Z-scores at the 0.001 level—while
trends of cooling have receded, implies that urbanisation, in
conjunction with global climate change, is exerting indirect
environmental impacts even on rural territories. For instance,
Edremit, which has witnessed a nearly sevenfold population
increase since 1970, manifests statistically significant trends in
extreme temperature indices. Among these indices, TN90p (Z
= 6.20), TR20 (Z = 6.94), and SU25 (Z = 4.92) distinctly illustrate
this phenomenon. Similarly, although Ayvalik is categorised as
a rural station, it has recorded significant augmentations in
indicators such as TX90p (Z = 5.02), TR20 (Z = 6.89), and WSDI
(Z =3.88).

The analysis results of stations in Balikesir province
highlight a dynamic that has been observed at some
stations in particular and requires careful interpretation. The
fact that statistically significant trends (high Z-scores) are
accompanied by relatively low annual slope values indicates

Cografya Dergisi—Journal of Geography, (51): 107-122




Effects of Climate Change on Balikesir Province: Investigation of Temperature Extremes for the Period 1975-2023 | Ozdel et al., 2025

that climate change is slow but steady. For example, at the
Edremit station, SU25 shows a statistically significant upward
trend (Z = 4.92), with an annual rate of increase calculated at
0.51 days. Similarly, FDO at Edremit shows a decrease with a
significant score of Z = -3.29, and the annual rate of change is
around -0.25 days. These seemingly small annual rates, when
projected over ten-year periods, result in a cumulative effect
of approximately 5 additional summer days and 2.5 fewer frost
days. Therefore, although these changes may have limited
effects in the short term, they have the potential to produce
significant results in the long term for important sectors such
as agricultural production patterns, water resources, energy
consumption, public health, and tourism in the work area.
Therefore, analysing not only the direction of trends but also
their speed and cumulative effects is of great importance in
understanding climate vulnerability specific to the field of
work and developing adaptation strategies.

The observed temperature increases and the rising trends in
extreme temperature events at the stations in the study area
clearly highlight the impacts of climate change in the region.
For the agricultural sector, increasing temperatures and
prolonged heatwaves, especially during the summer months,
could make agricultural processes more vulnerable. Balikesir
province, an important centre for olive and cereal production,
also holds significant potential for vegetable and fruit
cultivation, dairy production, and livestock breeding. However,
changing temperature conditions pose a considerable threat
to this potential. Additionally, the continuous rise in
temperatures is likely to increase irrigation demand and
create challenges in managing water resources in the coming
years. Beyond agriculture, rising temperatures and extreme
climate events may also significantly affect the spread
of infectious diseases and pests. As temperatures rise,
agricultural pests can spread over larger areas and increase
their populations. Climate change may also accelerate the
spread of infectious diseases, particularly those caused
by vectors—organisms that transmit disease agents. The
frequency of extreme heat events may lead to more weather-
related deaths and illnesses, posing serious risks, particularly
for vulnerable populations such as the elderly, children, and
individuals with chronic diseases, whose bodies are less able
to regulate temperature (Ebi et al.,, 2021). Rising temperatures
may also directly impact the infrastructure and energy sectors,
with increased demand for cooling systems and a heightened
risk of infrastructure damage due to extreme heat. In terms of
tourism, while higher temperatures may provide some short-
term benefits, the long-term effects of extreme heat could
negatively affect tourism activities. Furthermore, persistent

temperature increases may also drive migration mobility, as
people seek more livable environments.

The results obtained in this study indicate that both
coastal and inland settlements have experienced changes
in temperature indices at varying rates. While this may not
pose an immediate issue, if these trends continue, they
could significantly impact the economic activities, population
density, and settlement potential of the study area in the
future. In this context, it is crucial to develop and implement
adaptation strategies. Local governments and relevant
stakeholders should adopt multifaceted measures, including
optimising water management in agriculture, improving
energy efficiency, expanding green spaces to mitigate the
urban heat island effect, and raising public awareness about
heat-related risks. These measures are vital for reducing the
negative effects of climate change and ensuring the region’s
long-term sustainability.
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