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Abstract: Studies associated with climate change and variability are of great importance at both the global and 
local scale in the global climate crisis. In this study, change-point detection and trend analysis were carried out 
on mean, maximum, minimum air temperatures and total precipitation based on monthly, seasonal and annual 
scale in Bartın province located in the western Black Sea Region of Turkey. For this aim, 4-different homogenei-
ty tests (von Neumann test, Pettitt test, Buishand range test and standard normal homogeneity test) for change-
point detection, Modified Mann–Kendall test and Şen’s innovative trend test for trend analysis, and Sen’s slope 
test for the magnitude estimation of trends were used. According to the test results, the summer temperatures in 
particular show increasing trends at the 0.001 significance level. Mean maximum temperature in August, mean 
minimum temperature in June and August, and mean temperature in July and August are in increasing trend at 
the 0.001 significance level. Over a 51 year period (1965–2015) in Bartın province, the highest rate of change per 
decade in air temperatures is in August (0.55°C for Tmax, 0.46°C for Tmin and 0.43°C for Tmean) based on Sen’s slope. 
However, the study showed that apart from October precipitation, there is no significant trend in monthly, sea-
sonal and annual precipitation in Bartın. Increasing trends in mentioned climate variables are also visually very 
clear and strong in Şen’s innovative trend method, and they comply with the statistical results. As a result, the 
study revealed some evidence that temperatures will increase in the future in Bartın and its environs. 
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INTRODUCTION

Based on IPCC’s reports (IPCC 2014, IPCC 2018), 
we know that global climate change is a  reality. 
IPCC (2014) declared the globally averaged com-
bined land and ocean surface temperature data im-
ply a warming of 0.85 ±0.20°C in the period 1880 
to 2012. It’s estimated that this warming increase 

will probably reach 1.5°C between 2030 and 2052 
if it continues to extend at this rate (IPCC 2018). In 
recent years, considerable attention has been ded-
icated to studies associated with climate variabil-
ity and global climate change (Türkeş et al. 1995, 
1996, 2002, Dabanlı 2018, Mahmood et al. 2019, 
Türkeş 2019, Ay 2020, Sönmez & Kale 2020, Pa-
takamuri et al. 2020). Due to the negative impacts 
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of global climate change on ecosystems, agricul-
ture, forestry, food and water supply, health etc, 
the studies associated with climate change are of 
great importance at the global, regional and lo-
cal scales. Located in the Eastern Mediterranean 
basin, Turkey is considered to be adversely affect-
ed by the consequences of climate change (Önder 
et al. 2009, Tayanç et al. 2009, Türkeş & Tatlı 2009, 
Önol & Unal 2012, Demircan et al. 2014, 2017, Önol 
et  al. 2014, Dabanlı 2018). The different climate 
variables of Bartın province have been investigat-
ed from various perspectives at both the regional 
and local scale (Ertuğrul et al. 2014, Turoğlu 2014, 
Bolat et al. 2018, Şensoy & Ateşoğlu 2018, Yozgat-
lıgil & Türkeş 2018, Balov & Altunkaynak 2019, 
Ay 2020, Cengiz et al. 2020, Sönmez & Kale 2020, 
Yaman et  al. 2020). Ertuğrul et  al. (2014) evalu-
ated whether the indication of climate change in 
Bartın’s forests is occuring, based on the Standard 
Precipitation Index (SPI). Using the temperature 
and precipitation data for the period 1965–2012 in 
Bartın, Turoğlu (2014) carried out climate anal-
ysis based on Thornthwaite and De Martonne’s 
methods. Şensoy & Ateşoğlu (2018) researched 
the type of climate change occurring in Bartın 
using the Thornthwaite method and 5-year aver-
ages of climate variables. Based on the arithme-
tic averages for the periods 1980–1999 and 2000–
2015 without a  statistical significance test, Bolat 
et  al. (2018) investigated the temperature (mini-
mum, maximum and mean) and precipitation 
(maximum and total) values in Bartın province. 
Yozgatlıgil & Türkeş (2018) analysed the monthly 
maximum precipitation series and forecasted the 
maximum precipitation amount using a probabil-
istic approach and multivariate time series analy-
sis in the western Black Sea region, also including 
Amasra and Bartın. Balov & Altunkaynak (2019) 
studied extreme precipitation indices based on 
outputs of global circulation models in the west-
ern Black Sea region, also including Bartın prov-
ince. Ay (2020) carried out homogeneity and trend 
tests on the time series of monthly mean temper-
ature and monthly total precipitation recorded in 
Düzce, Bolu, Zonguldak, Bartın, Kastamonu and 
Sinop provinces in the western Black Sea region 
of Turkey. Cengiz et al. (2020) researched histori-
cal precipitation change using both graphical and 
statistical methods in the provinces of the Black 

Sea Region of Turkey. In a  study on the annual 
streamflow of Filyos River, Sönmez & Kale (2018) 
used some climate variables of Bartın province. 
Yaman et al. (2020) investigated the relationships 
between tree-ring growth of oriental beech and 
climate variables in Abdipaşa, Bartın, and they 
also focused on the Streamflow Drought Index 
(SDI) of the Kocaırmak River in the same basin.

Based on many regional climate studies related 
to Turkey, we know that Turkey’s different regions 
from South to North and West to East are affect-
ed differently by climate change. However, the ef-
fects of climate change on a local scale in a region 
are relatively less well-known. Therefore, we have 
focused on Bartın province in the western Black 
Sea coast since its climate data is available. In the 
present study, using monthly, seasonal and annu-
al minimum, maximum and mean air tempera-
ture values and precipitation amounts observed in 
Bartın Meteorological Station in the period 1965–
2015, change point detection and trend analysis 
have been carried out, and the rates of changes per 
decade in the climate variables in question have 
been estimated. Also, results have been evaluated 
based on climate variability/change.

MATERIAL AND METHOD

Data
Bartın province, located in the western Black Sea re-
gion of Turkey, has been selected for change detec-
tion and trend assessment of its historical climate 
variables (Fig. 1). The climate variables investigated 
are mean maximum air temperature (Tmax), mean 
minimum air temperature (Tmin), mean air temper-
ature (Tmean) and total precipitation (Ptot). In terms 
of change detection and trend assessment, all of 
the climate variables were investigated at a month-
ly, seasonal and annual scale. A  total of 68-time  
series belonging to climate variables were inves-
tigated for homogeneity, change-point and trend 
analysis. For all climate variables, 51-year meteoro-
logical data (the period 1965–2015) were used in the 
analyses, and they were obtained from the Turk-
ish State Meteorological Service. The geographi-
cal coordinates of the Bartın Meteorological Sta-
tion are 41°37'29.00" N, 32°21'24.53" E, 33 m  a.s.l. 
Based on the Walter climate diagram of Bartın 
province (Yaman et al. 2020), it concludes that the 
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precipitation line is over the temperature line for all 
months, and a dry period is not present in Bartın. 
Bartın’s climate is humid, with a total precipitation 
of 1047  mm∙year−1. The wettest season in Bartın 
is winter (336.2  mm∙year−1), followed by autumn  

(309.4 mm∙year−1), summer (211.2 mm∙year−1) and 
spring (190.3  mm∙year−1) respectively (Akman 
2011). Based on the Johansson Continentality In-
dex, it can be said that Bartın province has an oce-
anic climate (Toros et al. 2008). 

Fig. 1. The grey shaded area shows Bartın province in the western Black Sea region of Turkey 

Homogeneity and change-point analysis
In the analysis, different statistical tests were ap-
plied to climatological variables for change point 
detection and trend analysis. Determining the 
change point of a time series is an important as-
pect of climate investigations (Patil 2019). Since 
the different homogeneity tests might show dif-
ferent results for the same time series, multiple 
methods are used instead of a single method for 
detecting change point in a  time series (Jaiswal 
et  al. 2015). Pettitt’s test (Pettitt 1979, Rybski & 
Neumann 2011), Buishand range test (Buishand 
1982), standard normal homogeneity test (Alex-
andersson 1986) and von Neumann test (von Neu-
mann 1941) have been commonly used for change 
point detection (Tarhule & Woo 1998, Wijngaard 
et  al. 2003, Gao et  al. 2011, Kang & Yusof 2012, 
Li et  al. 2014, Xie et al. 2014, Jaiswal et  al. 2015, 
Kocsis et  al. 2020). While the statistics of Pet-
titt’s test, Buishand range test and standard nor-
mal homogeneity test were estimated using the 
trend package (version: 1.1.2 ) in R (Pohlert 2020), 
the climtrends v1.0.6 package was used for the 

von Neumann ratio test (Gama 2016). To decide 
whether there is any significant change point in 
the time series of the climatical variables inves-
tigated, in this study the results of the four tests 
mentioned above were evaluated together (Wijn-
gaard et al. 2003, Jaiswal et al. 2015). 

In this context, 1. if three of four tests reject the 
null hypothesis at a 5% significant level, a series is 
considered as inhomogeneous (there is a change-
point (CP)), 2. if three of four tests do not reject the 
null hypothesis at a 5% significant level, a  series 
is considered homogeneous (there is no change-
point (HG)), and 3. if only two of four tests reject/
don’t reject the null hypothesis at a 5% significant 
level, a series is considered to be a doubtful series 
(DF) and such a  series should be investigated in 
detail before further analysis (Jaiswal et al. 2015).

Trend analysis
The non-parametric Mann–Kendall test (MK) 
is commonly used to detect monotonic trends 
in a  series of climate data or hydrological data 
(Mitchell et al. 1971, Jaiswal et al. 2015, Mahmood 
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et  al. 2019, Patil 2019). Using the historical data 
from 1965 to 2015 observed in Bartın Meteoro-
logical Station, the Mann–Kendall test was used 
to identify statistically significant trends in the 
aforementioned climatological variables. This test 
does not require the data to have a normal distri-
bution and has low sensitivity to abrupt breaks 
due to the inhomogeneous time series (Jaiswal 
et al. 2015). However, since serial correlation can 
mislead the actual result of the trends, the seri-
al correlation must be removed from a time series 
(Hamed & Rao 1998, Yue et  al. 2002). For this, 
before the application of the Mann–Kendall test, 
the Trend-Free Pre-Whitening method (TFPW) 
was used in the present study (Mahmood et  al. 
2019). Besides, to estimate the magnitude of de-
tected trends, Sen’s slope method was applied in 
the study (Sen 1968, Jaiswal et al. 2015, Mahmood 
et al. 2019). 

The modified mk package (version 1.5.0) in R 
was used for the Mann–Kendall trend test applied 
to the Trend-Free Prewhitened Time Series Data 
in the presence of serial correlation (Patakamuri 
& O’Brien 2020). The tfpwmk(x) in the package 
calculates the following: Z statistic after trend-free 
prewhitening (TFPW), Sen’s slope for TFPW se-
ries, Sen’s slope for original data series (x), P-val-
ue after trend-free prewhitening, Mann–Kendall 
S statistic, Variance of S and Mann–Kendall’s Tau 
(Patakamuri & O’Brien 2020).

In the present study, as well as the Mann–Ken-
dall trend test, Şen’s innovative trend analysis (Şen 
2012), a  relatively new method, was applied to 
time series having statistically significant trends 
according to Mann–Kendall test results. In this 
method, subsection time series derived from a giv-
en time series plot on a Cartesian coordinate sys-
tem. Herein, trend free time-series appear along 
the 1:1 (45°) straight line. Increasing/decreasing 
trends are plotted in the upper/lower triangular 
areas of the square area defined by the variation 
domain of the variable concerned (Şen 2012). This 
method shows non-monotonic trends as well as 
monotonic trends (Dabanlı et al. 2016) and does 
not require any assumption, meaning that sample 
size and whether serial correlation and non-nor-
mal distribution in a  time series are present are 
not important (Şen 2012, Dabanlı et al. 2016).

RESULTS (Figs. 2–5, Tabs. 1–4)

Maximum temperature (Tmax)
Related to Tmax, the results of the four different 
homogeneity tests and the Mann–Kendall trend 
test are shown in Table 1. In terms of this cli-
mate variable, while the time series belonging to 
July, August and September, the seasons of sum-
mer and autumn, and the annual period are in-
homogeneous, the others are homogeneous. Ho-
mogeneity tests indicated statistically significant 
change points in the year of 1997 for all inho-
mogeneous time series mentioned above except 
for autumn. The year 1999 has a change point in 
autumn. Modified Mann–Kendall test showed 
statistically significant increasing trends in July 
Tmax (z  = 2.99, p < 0.01), August Tmax (z  = 3.75,  
p < 0.001) and September Tmax (z = 2.34, p < 0.05), 
the Tmax of summer (z = 3.78, p < 0.001) and au-
tumn (z = 2.06, p < 0.05), and annual Tmax (z = 2.63,  
p < 0.01). Sen’s slope showing the magnitude of the 
increase/decrease in the trend changes from 0.023 
to 0.055, so the highest Sen’s slope value is found  
in August Tmax.

Şen’s innovative trend analysis was also carried 
out and its results plotted for statistically signifi-
cant months and periods based on the results of 
the Mann–Kendall trend test (Fig. 2A–F). Similar 
to the results of the Mann–Kendall trend test, this 
innovative visual method also indicated increas-
ing trends for monthly, seasonal and annual Tmax 
mentioned above. Increasing trends are very clear 
and particularly strong in August Tmax and sum-
mer Tmax (Fig. 2B, D). 

Minimum temperature (Tmin)
Related to Tmin, the results of the homogeneity tests 
and Mann–Kendall trend test are shown in Table 2. 
In terms of this climate variable, while the time 
series belonging to June, July, August, September, 
the season of summer, and annual period are in-
homogeneous, the others are homogeneous. Ho-
mogeneity tests indicated statistically significant 
change points in the years 1990 (for August Tmin),  
1994 (for July Tmin and summer Tmin), 1996 (for 
June Tmin) and 1997 (for September Tmin and annu-
al Tmin) for all inhomogeneous time series. 
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Fig. 2. Şen’s innovative trend analysis results for maximum temperature
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Fig. 3. Şen’s innovative trend analysis results for minimum temperature
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Fig. 4. Şen’s innovative trend analysis results for mean temperature
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Fig. 5. Şen’s innovative trend analysis results for precipitation

Modified Mann–Kendall test showed statis-
tically significant increasing trends in June Tmin 
(z = 3.41, p < 0.001), July Tmin (z = 2.96, p < 0.01), 
August Tmin (z  =  3.45, p <  0.001), September Tmin 
(z = 3.19, p < 0.01), summer Tmin (z = 4.22, p < 0.001), 
and annual Tmin (z = 2.40, p < 0.05). Despite being 
a  homogeneous time series, October Tmin shows 
a significant trend (but doubtful) (z = 2.06, p < 0.05). 
Moreover, in terms of homogeneity, autumn Tmin is 
a doubtful time series (DF), but it shows a signifi-
cant trend (z = 2.19, p < 0.05). Sen’s slope changes 
from 0.016 to 0.046, so the highest Sen’s slope value 

is found in August Tmin. Şen’s innovative trend anal-
ysis was also carried out and its results plotted for 
statistically significant months and periods based 
on the results of the Mann–Kendall trend test 
(Fig. 3A–H). Similar to the results of the Mann–
Kendall trend test, this innovative visual method 
also indicated increasing trends for monthly, sea-
sonal and annual Tmin mentioned above. Increas-
ing trends are very clear and strong in particular-
ly June, July, August and summer (Fig. 3A–C, F). 
Although showing a homogeneous time series in 
the homogeneity tests, October Tmin displays a clear 

A

C

B
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increasing trend in Şen’s innovative trend analysis, 
like the Mann–Kendall test (Fig. 3E).

Mean temperature (Tmean)
Related to Tmean, the results of the homogeneity 
tests and Mann–Kendall trend test are shown in 
Table 3. In terms of this climate variable, while 
the time series belonging to June, July, August, 
September, the season of summer, and annu-
al period are inhomogeneous, the others are ho-
mogeneous. Homogeneity tests indicated statisti-
cally significant change points in the years 1995 
(for July Tmean), 1997 (for August Tmean, September 
Tmean, summer Tmean and annual Tmean) and 2005 
(for June Tmean) for all inhomogeneous time se-
ries. Modified Mann–Kendall test showed statis-
tically significant increasing trends in June Tmean 
(z = 2.68, p < 0.01), July Tmean (z = 3.35, p < 0.001), 
August Tmean (z = 3.36, p < 0.001), September Tmean 
(z  = 2.12, p  <  0.05) and summer Tmean (z  = 3.95, 
p < 0.001). Despite being an inhomogeneous time 
series, annual Tmean didn’t show a significant trend 
(z = 1.81, p > 0.05). Sen’s slope changes from 0.020 
to 0.043, so the highest Sen’s slope value is found 
in August Tmean.

Şen’s innovative trend analysis was also carried 
out and its results plotted for statistically signifi-
cant months and periods based on the results of 
the Mann–Kendall trend test (Fig. 4A–E). Similar 
to the results of the Mann–Kendall trend test, this 
innovative visual method also indicated increas-
ing trends for monthly and seasonal Tmean men-
tioned above. Increasing trends are very clear and 
particularly strong in July, August and summer 
(Fig. 4B, C, E).

Total precipitation (Ptot)
In terms of Ptot, only the time series belonging to 
March and September are inhomogeneous, but 
the Mann–Kendall trend test did not indicate 
any significant trend for the two months (Tab. 4). 
However, Şen’s innovative trend analysis displays 
a  partially increasing trend in March Ptot while 
no trend in September Ptot (Fig. 5A, B). Moreover, 
despite being a homogeneous series, October Ptot 
shows an increasing trend based on the Mann–
Kendall test (z = 2.01, p < 0.05). October Ptot also 
displays an increasing trend in Şen’s innovative 
trend analysis (Fig. 5C). 

DISCUSSION

This study focused on change-point detection and 
the trend analysis of mean, maximum, minimum 
air temperatures and total precipitation based on 
monthly, seasonal and annual scale in Bartın lo-
cated in the western Black Sea region of Turkey. 
To this end, four different homogeneity tests (von 
Neumann 1941, Pettitt 1979, Buishand 1982, Al-
exandersson 1986) for change-point detection, 
modified Mann–Kendall test (Hamed & Rao 1998, 
Patakamuri & O’Brien 2020) and Şen’s innova-
tive trend test (Şen 2012, Dabanlı et al. 2016) for 
trend analysis, and Sen’s slope test (Sen 1968, Pa-
takamuri & O’Brien 2020) for the magnitude esti-
mation of trends were used. When the results are 
evaluated together, particularly the temperatures 
of the summer season show increasing trends at 
a  0.001 significance level. Mean maximum tem-
perature in August, mean minimum temperature 
in June and August, and mean temperature in July 
and August are an increasing trend at 0.001 signif-
icance level (Tabs. 1–3). 

For the months and climatological variables 
mentioned above, according to the results of Şen’s 
innovative trend test, increasing trends are also vis-
ually very clear and strong (Figs. 2B, 3A, C, 4B, C).  
In many studies at different times, long term trends 
and changes in Turkey’s climate have been analysed 
using the monthly mean, monthly mean maxi-
mum and monthly mean minimum air tempera-
ture data (°C) recorded in the stations of the Gen-
eral Directorate of Meteorology (MGM) (Türkeş 
et al. 1995, 1996, 2002, Türkeş 2019). Türkeş et al. 
(1995) concluded that the long-term annual mean 
air temperatures in the period of 1930–1992 are 
generally dominated by a decreasing tendency in 
Turkey. Then, based on a  re-evaluation of trends 
and changes in mean, maximum and minimum 
temperatures of Turkey for the period 1929–1999, 
Türkeş et al. (2002) indicated summer and particu-
larly autumn mean temperatures have decreased 
over the northern and continental inner regions 
of Turkey. In the same paper, they explained that 
maximum temperatures (for winter, spring, sum-
mer and annual) have shown an increasing trend at 
many stations, except those in the Central Anato-
lia, Black Sea, and partly Eastern Anatolia regions. 
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The recent study of Türkeş (2019) has conclud-
ed that there are increasing trends particularly in 
the summer and autumn temperatures of Tur-
key, and these warming temperatures are grad-
ually strengthening. Despite the weak warming 
temperatures throughout the Black Sea region 
(Türkeş 2019), the present study indicates statis-
tically significant increasing trends for Tmax, Tmean 

and Tmin in summer (particularly in August) in 
Bartın province located in the western Black Sea 
region. Based on the change point analysis of the 
temperature time series investigated, it can be 
concluded that the climate change point is main-
ly in the 1990s (especially in 1997). For the time 
series (1960–2017) of monthly mean temperature 
and monthly total precipitation recorded in the 
provinces (also including Bartın) in the western 
Black Sea region of Turkey, Ay (2020) indicated 
there are no statistically significant trends in all 
stations according to the Mann–Kendall trend 
test. However, he stated there are statistically sig-
nificant increasing trends for monthly mean tem-
perature in all stations according to Şen’s inno-
vative trend method. Şensoy & Ateşoğlu (2018) 
investigated whether there have been any chang-
es in the climate type present in the Bartın prov-
ince based on Thornthwaite’s method. The au-
thors stated that even if the alteration presents 
itself in some indices, climate type change did 
not occur in the period 1965–2014 in Bartın prov-
ince. However, they stated that the mean annu-
al temperature and summer temperature is 1.8°C 
and 2.06°C higher respectively in the last two 
decades of this period. Compared to the south-
ern part of Turkey, Ertugrul (2019) also found 
greater changes in the climate data of the Black 
Sea region of Turkey, and he warned about forest 
fire risk for the same region in the future. Cengiz 
et al. (2020) analyzed the historical precipitation 
changes at 16 stations (also including Bartın) dur-
ing 1960–2015 in the Black Sea region of Turkey 
using two different graphical methods. The au-
thors stated that in Bartın province while there 
is no seasonal trend for a  full-time series, there 
are statistically significant trends for the first half 
sub-series of spring and second half sub-series of 
autumn (−3.54 mm∙year−1 and 6.47 mm∙year−1 re-
spectively). The present study showed that apart 

from October precipitation, there is no significant 
trend in monthly, seasonal and annual precipita-
tion in Bartın province. Despite there being no 
change point (HG), both the Mann–Kendall test 
and Şen’s innovative trend analysis implied an in-
creasing trend only in October precipitation.

The Black Sea’s surface temperature is more 
sensitive to environmental changes due to its 
semi-enclosed structure (Miladinova et al. 2017). 
Unlike the findings of Miladinova et al. (2017), the 
surface temperature in the Black Sea (SST) show 
a  remarkable increasing long‐term trend during 
the last century (Ginzburg et  al. 2004, Shapiro 
et al. 2010, Lebedev et al. 2017, Sakallı & Başusta 
2018). For example, SST shows a 0.64°C increase 
in per decade in the 34 years between 1982–2015 
in the Black Sea due to climate change (Sakallı 
& Başusta 2018). In Bartın offshore, the longitu-
dinal and latitudinal means in mean daily SST 
show also an increasing trend from 1982 to 2015 
(Sakallı & Başusta 2018).

Homogeneity testing is applied to ensure that 
time fluctuations in the climate data are only 
due to the factors related to weather and climate, 
and non-climatic changes due to station reloca-
tion or instrumentation changes need to be re-
moved from the climate variables investigated 
(Aguilar et  al. 2003). The Bartın Meteorological 
Station (BMS) has not been relocated, and its in-
struments and measurement methods have not 
changed in the period researched. Besides, in a lot 
of climate studies at the local and regional scale, 
BMS’s data has been used (Göktürk et  al. 2008, 
Dikbas et  al. 2010, Sahin & Cigizoglu 2010, Iyi-
gun et al. 2013, Türkeş & Erlat 2018). Moreover, 
most of the 68-time series belonging to the cli-
mate variables investigated in the present study 
are homogenous (70.5%). The climate variables 
studied have not been under artificial effects like 
station relocation and urbanization (urban heat 
island), therefore the remarkable increasing long-
term trends in air temperatures over the 51 year 
period in Bartın might be attributed to climate 
change. During the 51 year period (1965–2015) in 
Bartın province, in air temperatures, the highest 
rate of change per decade is in August (0.55°C for 
Tmax, 0.46°C for Tmin and 0.43°C for Tmean) based 
on Sen’s slope.
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Under the conditions of global climate change, 
to strengthen our understanding of the impact of 
climate change on local geography, studies like the 
present work should be carried out on a local scale 
with different methodological approaches. Such 
local climate investigations are very important for 
adaptation studies at the local scale against possi-
ble climate change impacts on agriculture, forest-
ry, health, natural hazards etc.

CONCLUSION

Due to the hazardous effects of global warming, 
studies on climate change/variability have been 
increasing at both the global, regional and local 
scales. It is thought that Bartın province in Tur-
key’s western Black Sea coast will be relatively less 
affected by global climate change compared to the 
Mediterranean region. However, in the study, us-
ing four different homogeneity tests for change-
point detection, the modified Mann–Kendall test 
and Şen’s innovative trend method for trend anal-
ysis, and Sen’s slope test for the magnitude esti-
mation of trends have proven that there has been 
an increase in maximum, minimum and mean air 
temperatures in summer months since the 1990s 
(especially in August). However, we did not find 
any evidence of a decreasing or increasing trend 
for precipitation. Even so, based on the version 4 
of the CRU TS monthly high-resolution gridded 
multivariate climate dataset (Harris et  al. 2020), 
it is known that the vapour pressure in the grid 
where the Bartın Meteorology Station is located 
has been an increasing trend for the last 25 years. 
The humid air mass coming over the warming 
western Black Sea might increase the severity of 
the precipitation by rising and hitting the north-
ern slopes of the mountains in Bartın province. 
Therefore, this province and its environs might be 
affected by a more humid and warmer climate than 
today. Since increasing temperatures and tree cov-
er loss (Global Forest Watch, URL) might adverse-
ly affect the catchment area, river basin and water 
resources by breaking the natural balance during 
the global climate crisis, the future management 
plans of natural resources in Bartın province, es-
pecially related to agriculture, forest and water, 
need to take a  0.55°C rate of change per decade 
in terms of maximum temperature into account.
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