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ABSTRACT

Many recent studies report that the world has been warming on a local, regional, continental, and global scale with an 
increase in extreme precipitation and temperatures, posing serious risks. This study was carried out in three provinces 
located in the Western Black Sea region for the purpose of identifying regional changes in some climatic parameters includ-
ing monthly minimum, average and maximum temperatures, and monthly average minimum, maximum, and total annual 
precipitation in the last decade (2012–2021). The provinces in the study include Bartın, Zonguldak, and Düzce. The year with 
the highest average temperature was 2018 in Bartın (14.39°C), 2019 in Zonguldak (15.47°C), and 2018 in Düzce (15.35°C). 
The results of the simple linear regression model indicated an increasing trend in the average minimum and maximum 
temperature and the annual average temperature in all three provinces (Bartın; r = .568, Zonguldak; r = .653, Düzce; r = .584). 
The regression analysis performed to identify the variation in the average total precipitation over the years revealed that the 
average total precipitation had a decreasing trend in Bartın (r = −.081) yet an increasing trend in Zonguldak (r = .423) and 
Düzce (r = .306). The study results suggest that, on a regional scale, the temperatures tend to increase, whereas the regime 
and distribution of precipitation show variation. Considering these results, the Western Black Sea region is at risk of global 
warming and has strong signals of this risk.
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Introduction

The excessive exploitation of natural resources and, thus, disturbance of the natural balance by humans have 
resulted in crucial problems. These problems mainly include processes such as famine, drought, extinction of 
species, vegetation and soil degradation, global warming and climate change, ozone depletion, and environ-
mental pollution (Hekimoğlu & Altındeğer, 2008). In the last 10–15 years, a new problem called “global warming 
and climate change” has been included in the major ecological problems of humanity. The arti&cial heating of 
the atmosphere layers and the Earth’s surface as a result of the human-induced increase in greenhouse gases 
(CO2, CH4, H2O, N2O, and CFC) and aerosols is called global warming. As a result of global warming, other climate 
elements (air movements, precipitation, humidity, etc.) are a'ected, and the rapid di'erentiation of the world 
climate in a very short period of 15-20 years, unlike long geological periods, is called global climate change. In 
a strict sense, this term refers to a dramatic change in the aforementioned climatic elements on the land and 
ocean together with the increase in temperature (Bolat & Çakıroğlu, 2022; Çepel, 2003; Türkeş, 2010). There is a 
consensus in almost all scienti&c circles and media organizations that the world is gradually warming. Therefore, 
one of the most signi&cant problems of the century is global warming. It is acknowledged that the world tem-
perature increased by 0.6 ± 0.2°C in the last century (until the end of 2000), and it has increased to 0.74 ± 0.18°C 
in the last hundred-year period ending in 2005. Accordingly, it is predicted that this increase will be between 
1.5°C and 5.0°C in the 21st century (IPCC, 2001; Sağlam et al., 2008; Sarıyıldız et al., 2008).

Compared to precipitation, the temperature is a variable that can be measured more easily and more accu-
rately in meteorological stations. For this reason, uncertainties arising from measurement errors are less in tem-
perature than in precipitation. However, when determining climate change based on temperature data, small 
or large deviations are likely to occur due to the e'ect of urbanization, and so the data may show variation. 
The majority of the stations in Türkiye or in other countries are surrounded gradually by urban settlements 
and/or commercial sites. It is thus di)cult to di'erentiate the indicators of climate change from the e'ects 
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of urbanization on temperature time series. According to the “First 
National Communication of Türkiye on Climate Change,” maximum 
temperatures in the western and eastern parts of Türkiye increased in 
the summer months between 1951 and 2004. Similarly, minimum tem-
peratures in summer months also had a signi&cant increasing trend in 
almost all stations, which means a widespread increase in summer tem-
peratures in Türkiye. Summer temperature series indicate an increase 
mostly in the western and southwestern parts of Türkiye. In addition, 
it is reported that there is a signi&cant change in the amount of pre-
cipitation in both winter and autumn and that winter precipitation has 
decreased signi&cantly in the western cities of Türkiye over the last &ve 
decades, while autumn precipitation has increased mostly in the north-
ern parts of the Central Anatolia. In general, precipitation has been 
decreasing on the Aegean and Mediterranean coasts and increasing on 
the Black Sea coasts (Apak & Ubay, 2007).

According to the latest report of the Intergovernmental Panel on 
Climate Change (IPCC) published on August 9, 2021 (6th Assessment 
Report-AR6), the global temperature has been increasing much faster 
than anticipated. Moreover, each decade in the last 40 years has been 
warmer than the preceding decade since 1850. In the &rst two decades 
of the 21st century (2001–2020), the global surface temperature was 
0.99°C (0.84–1.10°C) higher than in 1850–1900, and it was 1.09°C 
(0.95–1.20°C) higher in 2011–2020 than in 1850–1900. The increase was 
higher on the land [average 1.59°C (1.34–1.83°C)] than in the ocean 
[average 0.88°C (0.68–1.01°C)]. In addition, it is noti&ed in the report 
that the temperature increase from 1850–1900 to 2010–2019 is best 
estimated as 1.07°C. The reason for this is claimed to be solely human 
activities. Therefore, possible situations that may occur in cases of tem-
perature increases by 1.5, 2, 3, and 4°C are evaluated in the report by 
including four di'erent scenarios based on di'erent degrees of change. 
For example, in the most optimistic scenario with an increase of 1.5°C, 
it is predicted that the decline in food production, which has already 
reached 20% since the beginning of climate change, will accelerate and 
cause serious damages to food production. It is projected that more 
than 350 million people in urban areas will face water scarcity due to 
increased droughts, while coastal cities will be severely a'ected by ris-
ing sea levels. Furthermore, it is estimated that the global economy will 
have fallen by 10% by 2050. It is also believed that approximately 3 bil-
lion people will have to live under high-temperature conditions by 2070, 
and some parts of North Africa, the Middle East, South America, South 
Asia, and Australia will be a'ected by this situation. It is also reported 
that the annual average air temperature has increased between 0.95 
and 3.5°C in studies about this subject and, recently, in some parts of 
the world (Miah et al., 2022; Tan et al., 2020). In addition, almost all these 
studies suggest that temperature rise has been a cause of environmen-
tal degradation and climate change. In the case of Türkiye, if the pos-
sible scenarios for temperature increase (from the most optimistic to 
the most pessimistic) come true, it is projected that precipitation will 
decrease by 10–30% across the country and the regions except for the 
Black Sea (at a relatively minimum level) will be a'ected. On the other 
hand, depending on the rising temperature, it is predicted that the soil 
will lose more moisture causing an increase in drought, especially in 
the Southern Aegean and Western Mediterranean regions. In this case, 
climate change will adversely a'ect the productivity and nutritional 
value of agricultural products. Malnutrition will cause people to suf-
fer from various diseases and even to die. Therefore, challenging con-
ditions are anticipated for Türkiye as the rest of the world (Daşcıoğlu, 
2021; Demirbaş & Aydın, 2020; IPCC, 2021). In order to identify the 
regional changes in some climatic parameters within the framework of 
the aforementioned evaluations, the monthly minimum, average and 

maximum temperatures and monthly average minimum, maximum, 
and total annual precipitation for 2012–2021 (10-year period) recorded 
at the stations located in the provinces of Bartın, Zonguldak, and Düzce 
were examined in this study.

Methods

Locations of the Study Areas
Bartın is located in the Western Black Sea region, at the 41°53' north-
ern latitude and 32°45' eastern longitude. It is neighbored by the Black 
Sea to the north, with a 59 km long coastline, Kastamonu to the east, 
Karabük to the east and south, and Zonguldak to the west. The altitude 
of the city center is 25 meters (URL–1, 2022).

Located in the Western Black Sea region of Türkiye, Zonguldak is neigh-
bored by Bartın to the east, Karabük to the southeast, Bolu to the 
south, Düzce to the west, and the Black Sea to the north. Zonguldak is 
located at 41°27' north latitude and 31°47' east longitude (Deniz, 2015; 
Karan&l, 2015). Düzce is located at 39°51' north latitude and 31°08' east 
longitude. The Black Sea lies along the north coast of Düzce, which is 
neighbored by Bolu to the east and south, Sakarya to the west, and 
Zonguldak to the northeast. Its altitude above sea level is 160 m (URL–2, 
2022) (Figure 1).

Data
The periodical data for 2012–2021 obtained from the Directorates of 
Bartın, Zonguldak, and Düzce Meteorological Stations of the Turkish 
State Meteorological Service were utilized in this study. The monthly 
average minimum, monthly average maximum, minimum, maxi-
mum, monthly average, and annual average temperature values, and 
monthly average maximum, monthly average total, and total annual 
precipitation values between 2012 and 2021 were calculated using the 
data of the three central stations carrying out synoptic or automatic 
observations. Annual average values were calculated as the arithmetic 
mean of 12 months in the calendar year. Some information about the 
stations is presented in Table 1, and their locations in Türkiye are shown 
in Figure 1.

Data Evaluation
Simple linear regression analysis was utilized to evaluate some of the 
temperature and precipitation data used in the study.

Results, Discussion, and Conclusions

Minimum, Average, and Maximum Temperature
In the 2012–2021 period, the lowest minimum temperature (LMnT) in 
Bartın was measured as −15.6°C in February 2012, and the highest min-
imum temperature (HMnT) as 14.9°C in July 2021 (Table 2). The average 
minimum temperature (AMnT) results for the other months are pre-
sented in Table 2. As it can be observed in Table 2, AMnT drops below 
0°C in November and again rises above 0°C in May. Even though the 
month with the lowest AMnT during the evaluation period is February 
(−15.6°C), according to the 10-year average values of the minimum 
temperature, the coldest month in Bartın is January with −5.70°C and it 
is followed by February (−5.37°C).

In the simple linear regression model (SLRM) created using the annual 
AMnT values for Bartın, an increasing trend was identi&ed in the mini-
mum temperature (r = .400) (Figure 2). When the annual AMnT values 
are examined, it is observed that the minimum temperature never fell 



Forestist 2023: 73(3): 220-230
Bolat and Şensoy. Change in the Temperature and Precipitation

222

below the average value of 2012 (1.20°C) (Figure 2). In Bartın between 
2012 and 2021, AMnT was 2.53°C and the rate of increase in minimum 
temperature was 0.9°C.

As for the 2012–2021 period in Zonguldak, LMnT was estimated as 
−6.0°C in February 2012, and HMnT as 17.8°C in July 2018 and, as a 
quite approximate value, 17.7°C in August 2021 (Table 3). The lowest 
AMnT value was measured in February (−6.0°C); however, the month 
with the lowest average minimum temperature in Zonguldak is January 
with −2.01°C, and February (−1.37°C) ranks second (Table 3).

The SLRM based on the annual AMnT values for Zonguldak revealed 
that the minimum temperature had an increasing trend (r = .402) 
(Figure 3). Considering the annual AMnT values, it was identi&ed that 
the minimum temperature did not fall below the average of 2012 
(6.13°C), except in 2015 (5.66°C) and 2016 (5.31°C). While the annual 
AMnT in Zonguldak reached its highest value with 7.84°C in 2019, the 

average value of the decade was calculated as 6.53°C, and the rate of 
increase in minimum temperature was 0.31°C (Figure 3).

In Düzce between 2012 and 2021, LMnT was measured as −12.8°C in 
January 2021 and HMnT as 16.2°C in August 2021 (Table 4). According to 
the average values of minimum temperature in the 2012–2021 period, 
January (−7.05°C) and February (−4.28°C) are the coldest months in 
Düzce.

The SLRM generated using the annual AMnT values for Düzce revealed 
an increasing trend in the minimum temperature (r = .216) for the 
2012–2021 period (Figure 4). This increasing trend is less than that in the 
other provinces (Bartın and Zonguldak). Based on the AMnT values, it 
was identi&ed that the minimum temperature did not fall below 2.90°C, 
the average value of 2012, except in 2016 (2.26°C) and 2021 (2.60°C) 
(Figure 4). The average value of the decade was determined to be 3.72°C.

As can be observed in the graph of annual average temperature varia-
tion for Bartın (Figure 5A), the average temperature was the lowest in 
2017 (13.12°C), and the highest in 2018 (14.39°C). The average temper-
ature in Bartın between 2012 and 2021 is 13.73°C, which indicates that 
Bartın has the lowest average temperature among the three provinces 
included in the study (Figure 5B). According to the SLRM presenting the 
variation over the years (Figure 5A), the annual average temperature in 
Bartın has an increasing trend (r = .568). For the 2012–2021 period, the 
rate of increase in average temperature is 0.78°C, the coldest month is 
January (4.52°C), and the warmest month is August (23.27°C).

Figure 1. 
Locations of the Provinces in the Scope of the Study.

Table 1. 
Information on the Stations Included in the Study (URL–3, 2022)

No. Name of Station Altitude (m)
Latitude 
(North)

Longitude 
(East)

1 Bartın 33 41.6248 32.3569

2 Zonguldak 135 41.4492 31.7779

3 Düzce 146 40.8437 31.1488



Forestist 2023: 73(3): 220-230
Bolat and Şensoy. Change in the Temperature and Precipitation

223

The annual average temperature variation in Zonguldak is presented 
in Figure 5C. The lowest average temperature was in 2015 (13.75°C), 
and the highest was in 2019 (15.47°C). The average temperature in 
Zonguldak in the 2012–2021 period is 14.70°C, so it ranks &rst among 

the three provinces (Figure 5B). According to the SLRM (Figure 5C), 
which presents the variation over the years within the study period, 
the annual average temperature in Zonguldak has an increasing 
trend (r = .653). The rate of increase in average temperature is 0.71°C, 

Table 2. 
Monthly Minimum Temperature Values (°C) for Bartın from 2012 to 2021

Years

Months

1 2 3 4 5 6 7 8 9 10 11 12

2012 −9.3 −15.6 −4.9 −1.4 7.6 8.7 11.4 9.5 7.8 5.3 −0.3 −4.4

2013 −5.0 −0.6 −4.0 1.2 8.5 8.2 12.1 13.4 8.8 1.3 −1.0 −8.1

2014 −3.4 −5.3 −2.7 −1.4 6.2 10.3 13.6 14.2 6.4 1.2 −1.1 −1.5

2015 −8.4 −6.3 −1.9 −1.4 4.3 9.5 12.2 10.4 11.4 2.7 −0.2 −4.6

2016 −9.4 −4.6 −3.5 −0.2 5.0 8.0 11.8 11.6 7.7 1.6 −1.9 −8.0

2017 −7.8 −8.2 −0.5 −0.4 5.8 8.7 11.7 10.8 8.4 3.0 −0.7 −0.8

2018 −3.9 −1.8 −4.9 0.6 3.8 9.1 13.0 10.0 9.9 3.4 −1.0 −1.9

2019 −3.2 −2.1 −4.0 −0.1 5.5 12.7 11.5 10.2 5.6 7.2 −0.5 −4.0

2020 −3.6 −3.8 −4.1 −0.2 2.6 9.4 13.9 11.6 10.5 8.1 −2.1 0.0

2021 −3.0 −5.4 −3.4  0.5 2.4 8.3 14.9 13.3 7.7 0.6 −1.6 −9.1

Figure 2. 
Annual AMnT (°C) Values for Bartın between 2012 and 2021. 
AMnT = average minimum temperature.

Table 3. 
Monthly Minimum Temperature Values (°C) for Zonguldak from 2012 to 2021

Years

Months

1 2 3 4 5 6 7 8 9 10 11 12

2012 −4.5 −6.0 −1.5 2.4 9.8 12.8 15.6 13.5 13.0 10.7 6.6 1.2

2013 −2.1 1.4 −0.7 4.5 10.6 14.1 15.0 17.7 12.4 4.0 4.3 −2.5

2014 1.1 0.8 0.4 4.8 8.6 13.8 16.4 17.0 10.7 5.8 4.3 −0.1

2015 −4.2 −3.7 −0.6 1.4 8.4 12.4 14.5 15.5 16.1 6.8 5.0 −3.7

2016 −4.2 −1.1 0.5 2.5 7.4 10.5 15.4 15.8 11.0 5.7 2.2 −2.0

2017 −4.7 −3.5 2.5 2.1 8.9 13.4 16.2 15.3 13.0 6.5 2.2 1.6

2018 −0.1 0.5 −2.1 0.2 8.0 12.6 17.8 16.7 11.4 6.6 5.1 0.4

2019 −0.9 1.2 0.8 4.3 9.0 15.7 16.1 15.8 11.2 11.1 6.4 3.4

2020 2.0 −2.1 0.8 3.3 7.6 11.6 17.3 16.6 15.8 12.0 4.8 3.9

2021 −2.5 −1.2 1.0 2.4 6.8 11.8 17.5 17.7 11.8 8.4 5.6 −2.1

Figure 3. 
Annual AMnT (°C) Values for Zonguldak between 2012 and 2021. 
AMnT = average minimum temperature.
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January is the coldest (6.76°C), and August is the warmest month 
(23.35°C).

The annual average temperature variation in Düzce is presented in 
Figure 5D. The years with the lowest and highest average temperatures 
were 2018 (15.35°C) and 2020 (15.01°C), respectively. The average tem-
perature in Düzce in the 2012–2021 period is 14.37°C, and it ranks sec-
ond among the three provinces subject to the study (Figure 5B). The 
SLRM indicates an increasing trend in the annual average temperature 
in Düzce (r = .584) (Figure 5D). The rate of increase in average tempera-
ture over the 10-year period is 0.47°C, January is the coldest (4.76°C), 
and August is the warmest month (23.84°C).

The lowest maximum temperature (LMxT) in Bartın between 2012 and 
2021 was estimated as 15.8°C in December 2016, and the highest maxi-
mum temperature (HMxT) was 40.5°C in September 2017 (Table 5). 
Even though the monthly average maximum temperature (AMxT) was 

Table 4. 
Monthly Minimum Temperature Values (°C) for Düzce from 2012 to 2021

Years

Months

1 2 3 4 5 6 7 8 9 10 11 12

2012 −7.0 −12.0 −3.0 0.2 10.5 10.8 12.9 10.4 9.1 7.9 −0.7 −4.3

2013 −8.5 −0.6 −3.6 4.7 10.3 11.5 12.6 15.2 9.3 1.3 −0.2 −7.0

2014 −2.7 −5.5 −1.2 1.6 7.3 11.9 15.0 16.2 7.5 1.9 −0.7 −0.7

2015 −5.5 −5.6 −1.7 −0.6 7.1 10.8 13.2 13.2 14.0 3.5 0.9 −3.8

2016 −12.0 −3.6 −1.3 1.7 7.1 9.5 13.1 13.6 5.9 2.9 −1.8 −8.0

2017 −8.4 −7.3 0.6 0.0 7.2 12.3 13.5 11.2 9.0 4.6 −1.2 −2.2

2018 −3.8 −1.2 −1.2 2.8 5.9 12.9 15.5 15.0 11.7 3.6 0.9 −1.2

2019 −6.9 0.4 −1.4 1.7 7.0 14.5 12.4 13.4 5.7 7.4 2.0 −2.2

2020 −2.9 −2.5 −1.9 2.1 5.3 8.6 15.1 11.9 13.8 9.5 −1.8 1.0

2021 −12.8 −4.9 −1.8 0.7 4.5 8.8 15.3 14.8 9.0 2.5 −0.7 −4.2

Figure 4. 
Annual AMnT (°C) Values for Düzce between 2012 and 2021. 
AMnT = average minimum temperature.

Figure 5. 
Annual Average Temperature Variation in Bartın (A) Province, Comparison with Other Provinces (B), Annual Average Temperature Variation in 
Zonguldak (C) and Düzce (D) Provinces. 
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the highest in September (40.5°C), according to the 10-year average 
values, July is the warmest month in Bartın, with 34.83°C. In the ranking 
of the warmest months, August (34.64°C) is the second, and September 
(34.17°C) is the third.

According to the SLRM based on the annual AMxT values for Bartın, an 
increasing trend was identi&ed in the maximum temperature (r = .447) 
(Figure 6). The rate of increase in the maximum temperature in Bartın 
between 2012 and 2021 was 2.41°C, and the 10-year average was 
28.54°C. It is observed that the maximum temperature was above aver-
age in 2016, 2020, and 2021 (Figure 6). The years in which the maximum 
temperature increased the most with an increase by 1.47°C were 2016 
and 2021, respectively.

In Zonguldak, in the period of 2012–2021, LMxT was estimated as 13.4°C 
in December 2015 and HMxT as 36.2 C in September 2017 (Table 6). 
Between 2012 and 2021, the highest monthly AMxT was measured in 
September (36.2°C), which is also the warmest month in Zonguldak, 
with 30.36°C as indicated by the 10-year average values of maximum 
temperature. Among the warmest months, July (29.84°C) ranks second, 
and August (29.82°C) ranks third.

The SLRM created using the annual AMxT values for Zonguldak revealed 
an increasing trend in the maximum temperature in the 2012–2021 
period (r = .421) (Figure 7). The rate of increase in the maximum tem-
perature during the study period was 1.23°C. Considering the AMxT 

Table 5. 
Monthly Maximum Temperature (°C) Values for Bartın from 2012 to 2021

Years

Months

1 2 3 4 5 6 7 8 9 10 11 12

2012 17.3 17.6 21.9 33.4 29.5 35.3 35.9 34.2 34.8 31.7 26.4 22.4

2013 22.2 23.0 31.6 29.8 34.9 32.1 32.5 32.7 33.4 26.2 24.6 19.2

2014 19.7 23.7 23.7 27.9 31.6 31.3 38.2 33.8 29.8 26.8 23.8 19.9

2015 20.9 23.7 25.3 27.2 33.1 31.2 36.1 32.5 37.8 26.7 24.4 17.1

2016 21.9 26.9 28.4 32.3 29.8 35.7 35.4 37.7 33.1 28.9 27.7 15.8

2017 19.4 21.6 25.2 27.2 30.9 34.6 35.5 31.1 40.5 27.9 21.5 24.8

2018 17.9 20.9 28.2 29.3 31.3 32.3 32.9 32.7 33.2 25.8 25 16.2

2019 20.3 21.1 23.1 26.3 35.4 30.5 31.6 34.3 31.2 30.8 28.9 22.3

2020 16.7 26.2 29.4 26.9 35.4 33.0 32.8 37.8 34.0 35.5 21.1 22.9

2021 23.2 25.0 24.3 28.9 34.7 34.3 37.4 39.6 33.9 32.0 30.6 25.4

Figure 6. 
Annual AMxT (°C) Values for Bartın between 2012 and 2021. 
AMxT = average maximum temperature.

Table 6. 
Monthly Maximum Temperature (°C) Values for Zonguldak from 2012 to 2021

Years

Months

1 2 3 4 5 6 7 8 9 10 11 12

2012 16.7 13.5 18.4 31.8 27.7 30.0 29.1 31.4 28.8 28.5 24.5 23.4

2013 21.2 21.7 27.7 25.5 33.2 27.4 28.4 28.5 30.2 23.7 23.2 18.0

2014 20.7 18.3 21.5 23.2 28.4 29.8 32.9 28.7 26.6 26.0 21.0 21.1

2015 18.9 23.4 20.4 23.2 26.6 28.2 30.8 28.0 33.9 24.7 23.2 13.4

2016 20.1 24.7 24.0 29.7 27.1 30.5 26.8 34.4 30.8 27.0 29.1 14.7

2017 18.2 20.9 21.4 25.0 29.5 35.2 30.6 29.5 36.2 25.9 24.5 23.2

2018 16.1 22.3 27.4 27.5 28.7 28.7 30.9 29.7 28.1 24.1 23.1 19.0

2019 18.3 19.8 21.2 23.8 32.0 28.2 29.8 28.3 28.9 27.4 26.2 21.6

2020 16.6 21.8 26.9 23.5 34.5 29.7 29.0 27.8 30.7 30.2 17.4 20.1

2021 23.9 23.9 18.8 24.5 31.3 28.6 30.1 31.9 29.4 23.8 29.6 22.7
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values, it was identi&ed that the maximum temperature did not fall 
below the average value of 2012 (25.32°C), except in 2014 (24.85°C) 
and 2015 (24.56°C). The 10-year average of the maximum temperature 
was 25.69°C, and the highest increase was in 2016 at 2.02°C.

In Düzce in the period of 2012–2021, LMxT was estimated as 13.5°C 
in December 2015 and HMxT as 39.7°C in August 2021 (Table 7). Even 
though the highest AMxT was measured in August, the 10-year maxi-
mum temperature average indicates that July is the warmest month in 
Düzce, with 35.75°C, and August (35.52°C) ranks second.

According to the SLRM generated using the annual AMxT values for 
Düzce, the maximum temperature had an increasing trend (r = .584) 
(Figure 8). The rate of increase in maximum temperature for Düzce was 
1.69°C, and it was identi&ed that the maximum temperature did not 
fall below the average value of 2012 (28.48°C) except in 2014 (28.32°C), 
2015 (28.04°C) and 2018 (27.83°C). The AMxT during the study period 
was 28.88°C, and the year in which the maximum temperature 
increased the most was 2016 with 1.63°C.

It is emphasized that in Türkiye, with signi&cant increases in minimum 
(nighttime) temperatures, the nighttime warming rates are in the range 
of 0.08–0.56°C/per decade (Türkeş et al., 2002). In Türkiye, over the last 

25 years, the temperature regime has evolved signi&cantly to milder 
and warmer conditions, and there have been signi&cant changes in 
the frequency and intensity of heat waves (Türkeş, 2019). The average 
temperature in Türkiye between 2010 and 2020 was 14.1°C. According 
to long-term data, however, the average temperature between 1970 
and 2020 was 13.2°C. Furthermore, it is reported in the same study that 
the annual average temperature in Türkiye had an increasing trend in 
the 1970–2020 period (URL–4, 2022). In another study, it is noted that 
the lowest nighttime and highest daytime temperatures in Türkiye have 
tended to increase, especially starting from the 1990s (Türkeş, 2012). 
Among the average temperature values obtained in this study, only 
that of Bartın (13.73°C) is below the average of Türkiye, whereas those 
of the other two provinces are above the overall average. In this study, 
an increasing trend in the annual average temperature was identi&ed 
in Bartın, Zonguldak, and Düzce between 2012 and 2021. In the study 
conducted by Şensoy and Ateşoğlu (2018), the average annual temper-
ature value in Bartın between 1965 and 2014 was estimated as 12.74°C. 
When this value is compared with the average temperature value 
obtained in this study (13.73°C), it is observed that the average temper-
ature in Bartın has been approximately 0.99°C higher in the last decade. 
Based on the data of the Bartın meteorological station, Öztürk et  al. 
(2016) indicated that the average annual temperature of the preced-
ing 11 years (2002–2012) had been 0.7°C higher than that of the years 

Figure 7. 
Annual AMxT (°C) Values for Zonguldak between 2012 and 2021. 
AMxT = average maximum temperature.

Table 7. 
Monthly Maximum Temperature (°C) Values for Düzce from 2012 to 2021

Years

Months

1 2 3 4 5 6 7 8 9 10 11 12

2012 16.4 16.8 22.2 31.5 30.5 36.1 35.9 36.7 34.3 31.3 28.1 22.0

2013 21.2 22.5 29.6 30.2 35.8 34.4 33.4 35.3 34.7 26.2 25.0 14.2

2014 21.2 24.4 24.3 26.2 31.5 35.8 38.9 34.5 31.0 26.6 23.4 22.0

2015 18.9 23.7 24.6 29.3 31.8 32.3 37.8 34.3 37.9 27.8 24.6 13.5

2016 23.0 26.9 30.5 32.3 31.4 35.3 36.5 35.6 34.6 30.2 26.7 13.0

2017 16.9 23.8 24.4 29.6 33.3 36.7 36.1 340. 38.7 27.5 23.2 25.1

2018 18.0 22.9 25.8 29.0 32.8 33.4 34.2 34.1 34.1 29.1 24.5 16.1

2019 20.0 22.6 24.7 29.2 34.1 31.6 33.6 33.6 330. 32.9 28.2 21.2

2020 17.1 26.2 28.6 28.1 39.5 34.0 34.6 37.4 35.2 36.3 20.0 21.5

2021 26.1 24.6 22.8 30.4 33.7 33.6 36.5 39.7 32.9 29.8 28.7 23.3

Figure 8. 
Annual AMxT (°C) Values for Düzce between 2012 and 2021. 
AMxT = average maximum temperature.
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between 1982 and 2001, con&rming the overall &ndings of this study 
for the Bartın Province. The authors (Öztürk et al., 2016) expressed this 
0.7°C temperature increase as the silent climate warming. According 
to the study by Öztürk et al. (2017), any possibility of climate change in 
the Western Black Sea region would have threatened the agricultural 
diversity within the region. Şensoy and Ateşoğlu (2018) also state that 
the average annual and summer temperatures were 1.8°C and 2.06°C 
higher, respectively, in the last two decades of the 1965–2014 period. In 
another similar study, it is indicated that there are monthly variations in 
average minimum and average maximum temperatures and minimum 
and maximum temperatures in Bartın, Zonguldak, and Düzce between 
1980–1999 and 2000–2015 (Bolat et al., 2018). In the relevant study, it 
was also identi&ed that both AMnT and AMxT values relatively increased 
between 1980–1999 and 2000–2015. The results obtained in this study 
are consistent with those of previous studies. In a study covering the 
years 1965–2015 in Bartın (Yaman & Ertuğrul, 2020), it is reported that 
especially summer temperatures have an increasing trend of .001 signif-
icance and that the potential of the maximum temperature to change 
by 0.55°C every 10 years should be taken into consideration in the next 
period’s management plans for agriculture, forest, and natural resources 
including water. According to a recent study by Türkeş (2019), Türkiye 
has an increasing trend, especially in summer and autumn tempera-
tures, and this warming is gradually getting stronger. However, it is also 
speci&ed that this warming is relatively weak throughout the Black Sea 
region compared to the other regions. The results of a study covering 
Kastamonu, Karabük, and Bolu provinces indicate that there are signi&-
cant increases in minimum and maximum temperatures on a monthly 
basis. On the other hand, an increasing trend was determined in the 
monthly and annual average temperature data of Kastamonu, Karabük, 
and Bolu provinces, especially in summer (Bolat et al., 2017). In a study 
conducted by Demir et  al. (2008), it was identi&ed that there was an 
overall increasing trend in the minimum temperatures in 27 stations 
across Türkiye, and the annual maximum temperature series tended 
to increase in the Mediterranean, Southeastern Anatolia regions, and 
the southern parts of Eastern Anatolia. For example, when the long-
term trend of maximum temperatures was investigated by Cosun and 
Karabulut (2009), increases in maximum temperatures were discovered 
in the con&dence interval of 95% in Kahramanmaraş and 90% in Afşin. 
In addition, the increases in minimum temperatures were found to be 
more signi&cant than those in maximum temperatures. Slightly di'er-
ent from these evaluations, Ay (2020) stated that the z values calculated 
in the provinces of the Western Black Sea region of Türkiye (Bartın, Bolu, 

Düzce, Kastamonu, Sinop and Zonguldak) in the 1960–2017 period did 
not show a statistically signi&cant trend and that there were statistically 
nonsigni&cant trends in the monthly average temperature time series. 
Considering the Mann–Kendall test, the increasing trends in all the 
provinces were not statistically signi&cant.

Minimum, Maximum, and Average Precipitation Values
The total monthly precipitation (TMP) in Bartın between 2012 and 2021 
is presented in Table 8. The lowest amount of precipitation (LAP) mea-
sured was 1.9 mm in August 2020, and the highest amount of precipita-
tion (HAP) was 294.8 mm in January 2016. The seasonal distribution of 
TMP in descending order is winter (380.81 mm), autumn (285.75 mm), 
spring (218.17 mm), and summer (202.29 mm).

The total annual precipitation (TAP) variation in Bartın is presented in 
Figure 9A. The lowest TAP (842.20 mm) was in 2020, and the highest 
(1369.60 mm) was in 2021. The average total precipitation (AvTP) in 
Bartın in the period of 2012–2021 was 1087.02 mm, which indicates 
that Bartın ranks second among the three provinces included in the 
study (Figure 9B). On the other hand, the SLRM created with the distri-
bution of TAP (Figure 9A) revealed that the amount of precipitation in 
Bartın had a decreasing trend (r = −.081).

TMP in Zonguldak for the 2012–2021 period is presented in Table 9. 
Lowest amount of precipitation was measured as 0.8 mm in August 
2020 and HAP as 283.4 mm in December 2021. The seasonal distribu-
tion of TMP is winter (445.99 mm), autumn (331.79 mm), spring (240.42 
mm), and summer (221.16 mm), respectively.

The TAP variation in Zonguldak is presented in Figure 9C. No precipi-
tation was measured in May 2013. The lowest TAP (1047.40 mm) was 
recorded in 2020, and the highest (1664.50 mm) in 2021. AvTP in 
Zonguldak was 1239.36 mm for the period of 2012–2021. According to 
this result, Zonguldak ranks &rst among the three provinces (Figure 9B). 
Considering the SLRM created using the distribution of TAP, an increas-
ing trend was identi&ed in the precipitation in Zonguldak (r = .423) 
(Figure 9C).

TMP in Düzce between 2012 and 2021 is presented in Table 10. No pre-
cipitation was measured in August 2020. Lowest amount of precipita-
tion was recorded as 0.4 mm in September 2012. Since the di'erence 
in total precipitation between 2012 and 2020 was only 0.4 mm, these 

Table 8. 
Total Monthly Precipitation (mm) in Bartın from 2012 to 2021

Years

Months

1 2 3 4 5 6 7 8 9 10 11 12

2012 182.1 146.2 138 31.2 37.4 22.4 71.7 172.5 20.9 47.7 46.8 175.6

2013 176.6 50.9 124.1 39.2 5.8 66.6 39.6 14.4 137.6 265.3 56.1 130.2

2014 32.1 52.0 67.6 44.2 91.1 141.2 146.3 50.9 123.6 80.9 121.3 115.7

2015 132.5 107.4 77.7 77.3 79.2 118.6 31.0 18.0 13.6 273.0 63.3 84.0

2016 294.8 126.8 43.0 63.9 103.8 44.8 18.4 187 105.3 81.8 114.8 165.9

2017 117.2 54.0 72.2 84.1 98.2 67.4 18.7 76.3 23.4 122.9 158.0 164.4

2018 77.7 59.5 170.7 17.3 58.4 102.2 27.7 5.9 147.1 97.3 62.3 218.9

2019 132.9 56.3 34.5 65.7 91.6 43.4 73.8 68.8 29.5 83.9 31.4 153.1

2020 120.9 139.7 38.5 32.1 87.0 49.7 56.4 1.9 76.1 91.0 120.2 28.7

2021 240.2 79.3 139.3 98.7 69.9 131.7 103.0 52.6 89.5 79.2 93.7 192.5
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2 years were considered as the years with the LAP. On the other hand, 
216.6 mm measured in January 2016 was determined as HAP. The sea-
sonal distribution of TMP is winter (271.14 mm), spring (222.37 mm), 
summer (202.85 mm), and autumn (183.52 mm), respectively.

The TAP variation in Düzce is presented in Figure 9D. The year with the 
lowest amount of TAP was 2013 (667.80 mm), and the highest years 
were 2021 (1027.50 mm) and 2016 (1022.90 mm), respectively. AvTP in 
Düzce was estimated as 874.82 mm in the 2012–2021 period. Düzce has 
the least amount of precipitation among the three provinces (Figure 9B). 
The SLRM based on the TAP distribution revealed an increasing trend in 
the precipitation in Düzce (r = .306) (Figure 9D).

It is reported that the TAP average in Türkiye was 621.4 mm between 
1970 and 2020 and 619.3 mm between 2010 and 2020 (URL–5, 2022). 
Even though the average annual precipitation in the Western Black 
Sea region is 1400 mm, the precipitation regime is not homogeneous 

(Kayhan, 2007). Total amounts of precipitation in Bartın, Zonguldak, 
and Düzce are 30–50% higher than the average of Türkiye (621.4 
mm). Nonetheless, the annual average precipitation of the three prov-
inces is less than the average of the Western Black Sea region (1400 
mm). According to these &ndings, the highest precipitation was in 
Zonguldak, and the lowest was in Düzce between 2012 and 2021. 
This result shows that even neighboring provinces may not have 
equal amount of precipitation at an equal rate, and variations may 
occur. According to the SLRM, it was identi&ed in this study that the 
amount of TAP had a decreasing trend in Bartın and an increasing trend 
in Zonguldak and Düzce. Conversely, in a study evaluating the annual 
AvTP in the 1980–1999 and 2000–2015 periods, it was discovered that 
the precipitation increased by 24.0 mm in Bartın and decreased by 
48.0–60.0 mm in Zonguldak and Düzce (Bolat et al., 2018). In a study by 
Ay (2020) covering the years 1960–2017 in the provinces of the Western 
Black Sea region of Türkiye (Bartın, Bolu, Düzce, Kastamonu, Sinop, and 
Zonguldak), it is stated that the amount of TMP in Zonguldak and Düzce 

Figure 9. 
Annual Average Precipitation Variation in Bartın (A) Province, Comparison with Other Provinces (B), Annual Average Precipitation Variation in 
Zonguldak (C) and Düzce (D) Provinces. 

Table 9. 
Total Monthly Precipitation (mm) in Zonguldak from 2012 to 2021

Years

Months

1 2 3 4 5 6 7 8 9 10 11 12

2012 239.2 164.5 139.3 45.0 51.8 59.7 31.2 130.0 33.8 17.3 105.9 206.5

2013 141.3 75.7 101.7 53.5 0.0 16.6 52.5 19.5 109.2 324.2 47.1 116.4

2014 44.4 51.1 97.2 38.8 103.9 107.2 149.6 58.8 132.8 62.4 131.6 193.8

2015 170.4 164.4 64.0 114.1 60.9 110.7 25.7 10.6 81.1 240.8 39.9 59.50

2016 199.7 104.6 59.8 60.4 109.8 55.7 13.9 133.8 184.9 99.5 197.2 214.4

2017 103.8 38.6 86.2 90.9 83.4 135.3 30.0 113.6 45.1 123.1 118.7 211.8

2018 83.9 95.8 165.8 15.3 75.0 32.6 77.6 9.9 127.6 93.2 133.4 277.4

2019 133.3 119.4 35.3 66.6 96.3 65.8 183.8 160.9 43.7 105.1 31.9 242.3

2020 141.1 139.2 52.6 36.2 92.1 80.9 89.2 0.8 50.9 174.5 111.7 78.20

2021 257.2 108.6 202.2 128.4 77.7 152.8 53.9 49.0 126.1 110.0 115.2 283.4
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does not have a statistically signi&cant trend according to the z-score 
calculated, yet there are statistically nonsigni&cant trends according to 
the sign of z-score. Considering the results of the Mann-Kendall test, 
Bolu, Düzce, and Zonguldak have a nonsigni&cant decreasing trend, 
while Bartın, Kastamonu, and Sinop have a nonsigni&cant increasing 
trend. In a study examining the variation in annual average precipita-
tion in Bartın over the 1965–2014 period, the precipitation increased 
by 52.95 mm in the last two decades of the relevant period (Şensoy & 
Ateşoğlu, 2018). While previous studies indicated an increasing trend 
in the TAP in Bartın, a decreasing trend was identi&ed in this study. This 
may result from the di'erent study periods and the fact that the TAP in 
Bartın was around 850 mm, especially in 2019 and 2020. On the other 
hand, according to a study covering the 1965–2015 period, no sig-
ni&cant variation trend was identi&ed in monthly, seasonal and annual 
precipitation in Bartın (Yaman & Ertuğrul, 2020). However, when the 
long-term trends and variations in Türkiye are examined, it is observed 
that the Mediterranean regime is mostly dominant in winter and spring 
precipitation, and that there is a signi&cant decrease in the Marmara, 
Aegean, Mediterranean, Southeastern Anatolia regions, and some parts 
of the Central and Eastern Anatolia. For example, the cumulative precip-
itation for Türkiye calculated between October 1, 2013, and January 17, 
2014, decreased by 37.0% compared to the long-term average and by 
47.4% compared to that of 2013 (Türkeş, 2019). Nevertheless, it is noted 
in the same study that the seasonal and annual precipitation trends 
observed in Türkiye are not as strong as the trends observed in tem-
peratures. Türkeş (2019) states that the variations in precipitation are not 
in the form of long-term trends, but in the form of changes and *uc-
tuations, yet there are signi&cant di'erences identi&ed in the frequency 
and size of the dry-humid periods. In addition, it is noted that the areal 
precipitation variations are also strong. This drying trend mostly a'ects 
the Aegean, Mediterranean, Marmara, and Central and Southeastern 
Anatolia regions in Türkiye; it is not foreseen for the Western Black Sea 
region in the near future. Considering the TAP, this study also reveals 
similar results and is consistent with previous evaluations of precipita-
tion trends and variations conducted for Türkiye.

When the minimum, average, and maximum temperature variations 
over the 2012–2021 period for the three provinces subject to this study 
are examined, it is observed that the temperatures have an increasing 
trend. According to the regression model, the highest increase in both 
minimum (r = .402) and average (r = .653) temperatures is in Zonguldak, 
whereas the highest increase in maximum temperature (r = .584) is in 

Düzce. Considering the minimum and average temperature values 
for all three provinces, the coldest month is January, and the warm-
est month is August. However, according to the AMxT values between 
2012 and 2021, the warmest month is July in Bartın and Düzce and 
September in Zonguldak. It is observed that the annual AMxT values 
have started to increase in all three provinces, especially after 2018. 
While the minimum precipitation was generally measured in August 
in all three provinces, the maximum precipitation was measured in 
December (Zonguldak; 283.4 mm) and January (Bartın; 294.8 mm and 
Düzce; 216.6 mm). The AvTP was determined as 1087.02 mm in Bartın, 
1239.36 mm in Zonguldak, and 874.82 mm in Düzce. The regression 
analysis performed to identify the AvTP variation by years has revealed 
that the AvTP has a decreasing trend (r = −.081) in Bartın yet an increas-
ing trend in Zonguldak (r = .423) and Düzce (r = .306). According to 
these results, the highest signi&cant increase in AvTP is in Zonguldak.
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