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Abstract
Climate change are investigated by tracking temporal variation in meteorological parameters and oceanic records. The south-
ern coast of Western Black Sea of Turkey is experienced evidential changing trend in climatic features due to the impact of 
global warming that significantly alter ambient temperature and wind circulations along the coast. It is extremely important to 
investigate the effect of climate change that causes this change for Western Black Sea Coast of Turkey. Therefore, this study 
aims to investigate climate change caused by global warming in sea surface temperatures and wind speeds of Western Black 
Sea Coast of Turkey. Coastal regions of Duzce, Zonguldak, Bartin, Kastamonu, and Sinop provinces in Western Black Sea 
are determined as main points. Wind speed, wind direction, and sea temperature data at those main points are used in study. 
Data are obtained from National Centers for Environmental Prediction. The length of data is 40 years (1979–2018). Analysis 
of these data is investigated with Sen’s Innovative and Trend Analysis Methods (Mann–Kendall and Spearman Rho). Graphs 
created with Sen’s Innovative method are classified into three regions (Low, Medium and High). Trend analysis methods 
are classified as increasing and decreasing. As a result of study was observed increasing trends at high level of wind speeds 
(15–25 m/s), in medium levels of wind direction (120–160 Deg.) and at high levels of Sea Surface Temperature (15–27 ℃) 
with Sen’s Innovative Method. Decreasing trends were observed in daily analyzes of wind speed with trend analysis methods. 
Sea surface temperature daily and annual analyzes were observed increasing trends. These increasing trends are expected to 
change both marine life, fish population, precipitation regime and tourism habits for the study area.
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Introduction

Climate change has many adverse effects such as glaciers 
melting, temperature changing, wind circulation alternat-
ing and sea water level rising (Vigo et al. 2005; Poulos et al. 
2009; Poupkou et al. 2011; Mohorji et al. 2017; Ceribasi 
2018). Global warming trends to decrease ice cover return 

decreases albedo of the globe and leads to more warming 
and temperature rising (Wu and Qian 2017; Ceribasi 2019).

The coastlines are home to about half of the planet popu-
lation. However, climate change consequences threat seri-
ously sustainability of life within 150 km from the beaches 
due to increasing in sea water level (Kummu 2016). There-
fore, climate change integrations along the coastlines are a 
crucial issue in terms of seawater level, circulation patterns 
and salty water variation.

Over the next 60 years, a rising of about 0.5 m is expected 
to be recorded in sea water level in conjunction with increas-
ing in temperature and wind speed as well as disturbing in 
atmospheric pressure which in result raise occurrence of 
hurricanes and coastal flooding events (Gregory and Lowe 
2000; Tsimplis et al. 2004; Levermann et al. 2005). On the 
other hand, a study has also an average increase of more 
than 44 cm is expected in seas by 2080 (Fisk 1997). Apart 
from rising sea levels, sea surface warming and increases in 
wind speeds can create major disasters from coastal areas. 
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For example, as temperature increases on a shore, pres-
sure increases. This situation causes an increase in wind 
speeds depending on distance. The fact that tornado events, 
which are known recently as open sea events, are seen in 
closed seas is an indicator of this. Evaluating wind speed as 
a hurricane is evaluated as wind speed being over 33 m/s. 
523 pieces of tornado formed between 1979–2019 in Tur-
key (European Severe Weather Database (ESWD) 2020). 
Approximate 25% of these weather events that occurred in 
Turkey (130 Pieces) occurred in study area.

Trend analysis methods are used effectively in researching 
climate change results. (Allenbach et al. 2015; Dabanli et al. 
2016; Elouissi et al. 2016; Sen 2017; Dabanli and Sen 2018; 
Guclu 2018; Ceribasi and Caliskan 2019; Li et al. 2019; 
Pörtner et al. 2019; Sen et al. 2019; Ceribasi and Aytulun 
2020; Ceribasi and Ceyhunlu 2020; Guclu et al. 2020; Sis-
man 2021). Dadaser-Celik and Cengiz analyzed the trends 
of wind speed and direction data gathered from 206 weather 
stations over the period of 1975–2006 in Turkey (Dadaser-
Celik and Cengiz 2014). Erismis used sea water temperature 
data from 22 stations to detect trends in sea water tempera-
tures in Turkey. When monthly, annual and seasonal trend 
values of these stations are examined, it is stated that there 
is an increasing trend in most of the stations (Erismis 2019). 
Dabanli et al. (2021) applied Innovative Trend Analysis 
(ITA) method on the coasts of Turkey by considering five 
categories (Hot, Warm-Hot, Warm, Cold and Very Cold) 
for sea surface temperature data. On the other hand, they 
compared ITA analysis results with Mann–Kendall Trend 
Test analysis results. As a result of the study, they stated 
that climate change has noticeable effects on sea surface 
temperature data on Turkish coast (Dabanli et al. 2021).

Therefore, in this study, the effects of climate change, 
which emerged as a result of global warming, on Western 
Black Sea Coast in Turkey is investigated. Data examined in 
Western Black Sea Coast are determined as sea surface tem-
peratures, wind directions and wind speeds. Furthermore, 
analyzes are carried out daily-monthly-annual for wind 
speed, hourly-annual for wind direction and daily-monthly-
annual for sea surface temperature. Coastal regions of 
Duzce, Zonguldak, Bartin, Kastamonu, and Sinop provinces 

in Western Black Sea are determined as main points. Wind 
speed, wind direction, and sea temperature data at those 
main points are used in study. Data are obtained from 
National Centers for Environmental Prediction. The length 
of data is 40 years (1979–2018). On the other hand, the anal-
ysis results of this study will be beneficial for many studies 
in areas such as evapotranspiration, humidity, temperature, 
hydrology, hydrometeorology and hydroclimatology. Moreo-
ver, the results of analysis will be extremely important for 
every living thing in this region.

Material and method

Study area

The Study area consists of Duzce, Zonguldak, Bartin, Kasta-
monu, and Sinop provinces that located on the coast of West-
ern Black Sea in Turkey where occurrence of hurricanes 
and storms is a very common weather event. Geographical 
locations of these provinces are given in Table 1. In addition, 
location of provinces on map is given in Fig. 1.

Data of these coordinates were obtained from NCEP as 
hourly data (National Centers for Environmental Predic-
tion (NCEP) 2020). Data (Wind Speeds, Wind Directions 
and Sea Surface Temperature Data) used in study represent 
period of 1979–2018. The monthly temporal variations in 
wind speed (m/s) and sea surface temperature (℃) were 
respectively presented in Fig. 2 and Fig. 3.

Sen’s innovative method

The analysis methods that try to predict future data move-
ments based on current data are called Trend Analysis Meth-
ods. Tests such as Mann–Kendall Test, Spearman’s Rho Test 
and Sen’s Test are used in trend analysis. Sen’s Innovative 
Method, which is one of new trend analysis methods in 
recent years and has reliability to investigate climate change 
is created by Sen (2012). Data is divided into two parts from 
middle in Sen’s Innovative Method. These two series are 
listed from small to large. First data series  (Xi) is placed on 

Table 1  Location Coordinates of Provinces

Provinces Duzce Zonguldak Bartin Kastamonu Sinop

Coordinate
Latitude 41.3475 41.6335 42.3010 42.6138 42.6949

Longitude 30.9987 31.3771 32.3189 33.6325 35.2769

Altitude (m) 160.00 13.00 25.00 780.00 28.00

Survey (km2) 3,641.00 3,341.00 2,120.00 1,834.00 5,862.00
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Fig. 1  Location of study area on turkey basins map

Fig. 2  Monthly variations in wind speed (m/s) along course line graphs of provinces during 1979–2019
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the horizontal axis, and second data series (Xj) is placed on 
vertical axis on cartesian coordinate system (Fig. 4).

If the distribution points in the graph are located in the 
upper triangle, it is concluded that there is a decreasing trend 

if the increasing trend is in the lower triangle. Moreover, the 
points of distribution are divided into approximately three 
equal parts. High part shows an increasing/decreasing trend 
at the high level. Middle part shows an increasing/decreas-
ing trend at the middle level. Low part shows an increasing/
decreasing trend at the lower level. If data remains above 
1:1 (45°) curve, it is concluded that no trend has occurred in 
data set (Sen 2012, 2013). The data distribution divided into 
these three parts is independent for the study area.

Mann–kendall method

The presence of a trend in a time series with this test is 
checked with hypothesis “H0: No Trend”. In the time series 
which the test will be applied, the data is divided into two 
groups as  xi and  xj pairs. The number of pairs  xi <  xj is 
denoted by P, while the number of pairs  xi >  xj is denoted by 
M. Test statistic (S) is calculated by the following relation:

Kendall correlation coefficient:

(1)S = P −M

Fig. 3  Monthly variations in sea surface temperature ( ◦C ) along course line graphs of provinces during 1979–2019

Fig. 4  Illustration of sen’s innovative method
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for n ≥ 10

If Z value is greater than  Zα/2 value (1.96), which is iden-
tified from standard normal distribution tables at α signifi-
cance level,  H0 hypothesis is rejected and it is concluded 
that a certain trend is present (Mann 1945; Kendall 1975).

Spearman rho method

This method is a test used to determine whether there is 
a correlation between two sets of observations. The rank 
statistic  (Rxi) is determined by sorting the data in ascend-
ing or descending order. Spearman's Rho test statistic  (rs) is 
calculated according to the following equation.

Since  rs distribution will proximate to normal for n > 30, 
normal distribution tables are used. For this, test statistic 
(Z) of  rs

If Z value is greater than  Zα/2 value (1.96), which is iden-
tified from standard normal distribution tables at α signifi-
cance level,  H0 hypothesis is rejected and it is concluded that 
a certain trend is present (Kahya and Kalayci 2004).

Results and discussion

Wind speeds, wind directions, and sea surface temperature 
data of Duzce, Zonguldak, Bartin, Kastamonu and Sinop 
provinces were analyzed with the Sen’s Innovative Method. 
Wind speed analysis results were given in Fig. 5.

General evaluation of Sen’s Innovative Method analysis 
results for each province in Fig. 5 was given in Table 2.

The results of Fig. 5 and Table 2 illustrate no trend in 
low and medium level in extreme daily wind speed anal-
ysis of Duzce province, whereas there is an increasing 
trend in a high level at 13–19 m/s. There is no trend in 
low level in monthly extreme analyses, whereas there is 

(2)� =
S

[n(n − 1)∕2]

(3)�
s
=
√

n(n − 1)(2n + 5)∕18

(4)Z =

(S − 1)∕𝜎
s
; S > 0

0 ; S = 0

(S + 1)∕𝜎
s
; S < 0

(5)r
s
= 1 − 6

∑n

i=1
(R

xi
− i)2

(n3 − n)

(6)Z = r
s

√

n − 1

an increasing trend in medium and high level at 13–16 m/s 
and at 16–19 m/s. In annual extreme analyzes, there is an 
increasing trend in low, medium and high levels between 
13–19 m/s. In extreme daily wind speed analysis of Zon-
guldak province, it is seen that there is no trend in low and 
medium levels, whereas there is an increasing trend in a 
high level at 16–23 m/s. In monthly extreme analyzes, there 
is a decreasing trend in low level at 9–13 m/s, and there is 
no trend in medium level, and an increasing trend is seen 
in high level at 16–23 m/s. There is an increasing trend in 
annual extreme analyses in low, medium and high levels 
between 16–23 m/s. In extreme daily wind speed analysis 
of province of Bartin, it is seen that there is no trend in low 
and medium levels, while in high level, there is an increas-
ing trend at speeds of 16–21 m/s and a decreasing trend is 
formed at speeds at 21–24 m/s. In monthly extreme analysis, 
there is a decreasing trend in low level at 9–13 m/s, whereas 
there is an increasing trend between 16–21 in medium level 
and a decreasing trend in high levels at 21–24 m/s. In annual 
extreme analyses, there is an increasing trend in low level 
at 16–21 m/s, and a decreasing trend in medium level at 
21–23 m/s, and there is an increasing trend in high level 
between 21–25 m/s. In extreme daily wind speed analysis 
of the province of Kastamonu, it is seen that there is no 
trend in low and medium levels and an increasing trend in 
high levels at 17–23 m/s. In the monthly extreme daily wind 
speed analysis, there is no trend in low level, whereas there 
is an increasing trend in medium and high levels between 
17–21 m/s and 21–23 m/s. There is an increasing trend in 
annual analysis in low, medium, and high levels between 
17–23 m/s. In extreme daily wind speed analysis of Sinop 
province, it is seen that there is no trend in low and medium 
levels and an increasing trend in high levels at 17–24 m/s. 
There is a decreasing trend in low level at 9–15 m/s in 
monthly analysis, whereas there is an increasing trend in 
medium and high levels between 17–20 m/s and 20–24 m/s. 
In annual analysis, there is an increasing trend in low, 
medium and high levels between 17–24 m/s.

In evaluating wind direction analysis results, increasing 
or decreasing trend indicates prevailing wind direction in the 
current direction. Wind direction analysis of Duzce, Zongul-
dak, Bartin, Kastamonu, and Sinop provinces was applied 
hourly and annually, and results were given in Fig. 6.

General evaluation of Sen’s Innovative Method analysis 
results for each province in Fig. 6 was given in Table 2.

When results of Fig. 6 and Table 2 are analyzed, it is 
seen that there is no trend in low and high levels, in hourly 
wind direction analysis of Duzce province, whereas there 
is an increasing trend in medium level at winds coming 
from Southeast 120˚-150˚ direction. Annually, there is an 
increasing trend in low and medium levels at winds coming 
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from Southeast 120˚-135 ˚ and 135˚-150˚ direction, while 
there is a decreasing trend in high level at 150˚-160˚. In 
hourly wind direction analysis of Zonguldak province, 
it is seen that there is no trend in low and high levels, 
whereas there is an increasing trend in medium level at 
winds coming from Southeast 115˚-150˚ direction. There 
is an increasing trend in annual analysis in low and medium 
levels at winds coming from the Southeast 115˚-130˚ and 
130˚-150˚ direction, while there is a decreasing trend in a 
high level at 150˚-160˚. In hourly wind direction analysis 
of Bartin province, it is seen that there is an increasing 
trend in low level at winds coming from Northeast 30˚-
60˚ direction, and there is an increasing trend in medium 
level at winds coming from Southeast 110˚-170˚ direction, 
while there is a decreasing trend in high a level at winds 
coming from Northwest 290˚-340˚ direction. Annually, 
there is an increasing trend in low and medium levels at 
winds coming from Southeast 120˚-140˚ and 140˚-165˚ 
direction, while there is a decreasing trend in high level 
at 165˚-170˚. In hourly wind direction analysis of the 
province of Kastamonu, it is seen that there is no trend in 
low and high levels, whereas there is an increasing trend in 
medium level at winds coming from Southeast 120˚-230˚ 
direction. On annual basis, there is an increasing trend in 
low and medium levels at winds coming from Southeast 
140˚-160˚ and South 160˚-175˚ direction, while there is 
a decreasing trend in high level at 180˚-190˚. In hourly 
wind direction analysis of Sinop province, it is seen that 
there is an increasing trend in low level at winds coming 
from the east 60˚-90˚ direction, and there is an increasing 
trend in medium level at winds coming from Southeast-
South and Southwest 160˚-230˚ directions, while there is 
a decreasing trend in a high level at winds coming from 
Northwest 300˚-340˚ direction. On annual scale, there is an 
increasing trend in low and medium levels at winds coming 
from South 165˚-185˚ and 185˚-195˚ direction, while there 
is a decreasing trend in high level at 195˚ -205˚.

Results of sea surface temperature analysis of Duzce, 
Zonguldak, Bartin, Kastamonu and Sinop provinces were 
given in Fig. 7 on a daily, monthly and annual basis.

General evaluation of Sen’s Innovative Method analysis 
results for each province in Fig. 7 was given in Table 2.

Considering the results of Fig. 7 and Table 2, extreme 
daily sea surface temperature analysis of Duzce province 
shows an increasing trend in low and medium and high 
levels between 7–26 ℃. Monthly trends show an increasing 
trend in low, medium, and high levels at 7–26 ℃. Similarly, 

annual trend analysis also shows an increasing trend in 
low, medium, and high levels at 24–26 ℃. In extreme daily 
sea surface temperature analysis of Zonguldak province, 
it is seen that there is no trend in low level and there is 
an increasing trend in medium and high levels between 
11–17 ℃ and 17–26 ℃. On monthly basis, the extreme 
analysis shows there is an increasing trend in low, medium, 
and high levels between 7–15 ℃, 15–21 ℃, and 21–26 ℃. 
Similarly, annual trends show an increasing trend in low, 
medium, and high levels between 24–26 ℃. In extreme 
daily sea surface temperature analysis of Bartin province, 
it is seen that there is no trend in low and medium levels, 
and there is an increasing trend in high level at 20–27 ℃. 
The monthly extreme analysis shows an increasing trend in 
low, medium, and high levels between 7–15 ℃, 15–20 ℃ 
and 20–27 ℃. Similarly, annual trends show an increasing 
trend in low, medium, and high levels between 24–27 
℃. In extreme daily sea surface temperature analysis of 
Kastamonu province, it is seen there is no trend in low and 
medium levels, whereas there is an increasing trend in high 
level at 19–27 ℃. The monthly extreme analysis shows 
no trend in low level, and there is an increasing trend in 
medium and high levels at 17–21 ℃ and 20–27 ℃. Annual 
extreme analysis of temperature shows that there is an 
increasing trend in low, medium, and high levels between 
24–27 ℃. In extreme daily sea surface temperature analysis 
of Sinop province, there is no trend at low and medium 
levels, whereas there is an increasing trend in high level at 
17–26 ℃. The monthly extreme analysis shows no trend in 
low level, and there is an increasing trend in medium and 
high levels at 15–20 ℃ and 20–27 ℃. The annual extreme 
analysis shows an increasing trend in low, medium, and 
high levels between 24–26 ℃.

Wind speeds, wind directions, and sea surface tempera-
ture data of Duzce, Zonguldak, Bartin, Kastamonu and 
Sinop provinces were analyzed with Mann–Kendall and 
Spearman Rho Methods. Wind speed, wind direction and 
sea surface temperature analysis results are given in Table 3.

When the analysis results in Table 3 were examined, the 
following results were obtained.

1. While a decreasing trend was observed in both methods 
in daily wind speed analysis results of Duzce province, 
no trend was observed in monthly and annual analysis 
results. When wind direction analysis results are exam-
ined, there is no trend for Mann–Kendall method, while 
an increasing trend is seen for Spearman Rho method. 
When sea surface temperature daily, monthly and annual 
analysis results are examined, increasing trends are seen 
in both methods.

Fig. 5  Graphics of wind speed (m/s) analysis results for each province◂
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2. While a decreasing trend was observed in both methods 
in daily wind speed analysis results of Zonguldak and 
Bartin provinces, no trend was observed in monthly and 
annual analysis results. When wind direction analysis 
results are examined, no trend is seen in both methods. 
When sea surface temperature daily and annual analy-
sis results are examined, increasing trends are seen in 

both methods, while no trend is seen in monthly analysis 
results.

3. While a decreasing trend was observed in both meth-
ods in daily wind speed analysis results of Kastamonu 
province, no trend was observed in monthly and annual 
analysis results. When wind direction analysis results are 
examined, no trend is seen in both methods. When sea 

Table 2  General evaluation of wind speed, wind direction and sea surface temperature analysis results for each province
W

in
d
 S

p
e
e
d

 
Provinces Daily Monthly Annual 

Low Medium High Low Medium High Low Medium High 

Duzce          

Zonguldak          

Bartin          

Kastamonu          

Sinop          

W
in

d
 D

ir
e
c
ti

o
n

 

Provinces Hourly Annual 
Low Medium High Low Medium High 

Duzce       

Zonguldak       

Bartin       

Kastamonu       

Sinop       

S
e
a
 S

u
rf

a
c
e
 T

e
m

p
e
ra

tu
re

 

Provinces Daily Monthly Annual 
Low Medium High Low Medium High Low Medium High 

Duzce          

Zonguldak          

Bartin          

Kastamonu          

Sinop          

: No Trend
: Increasing Trend
: Decreasing Trend

 Page 8 of 1350



J Coast Conserv (2021) 25:  50

1 3

Fig. 6  Graphics of wind direc-
tion (deg.) analysis results for 
each province
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surface temperature daily analysis results are examined, 
decreasing trends are observed in both methods, while 
no trend is observed in monthly and annual analysis 
results.

4. While no trend was observed in both methods in daily, 
monthly and annual wind speed analysis results of Sinop 
province. When wind direction analysis results are 
examined, no trend is seen in both methods. When sea 
surface temperature daily and monthly analysis results 
are examined, no trend is observed in both methods, 
while an increasing trend is observed in annual analysis 
results.

When the analysis results of Sen’s Innovative Method 
and Trend Analysis Methods (Mann–Kendall and Spearman 
Rho Methods) were compared, it was observed that all prov-
inces (Duzce, Zonguldak, Bartin, Kastamonu and Sinop) 
gave highly similar results. When the analysis results of this 
study are compared with the analysis results of similar stud-
ies, the following results are obtained.

• When the analysis results of Sinop and Kastamonu 
provinces are examined, generally increasing trends are 
observed for all three hydrometeorological parameters. 
When the result of this analysis is compared with 
the scientific study conducted by Dabanli et al., It is 
observed that it gave similar results (Dabanli et al. 
2021).

• When the analysis results of Bartin province are 
examined, it is observed that sea water temperatures 
generally increase. When the result of this analysis 
is compared with the scientific study conducted 
by Güçlü, it is observed that it gave similar results 
(Guclu 2013).

• When the analysis results are examined for other two 
provinces, it is observed that sea water temperatures 
are generally increasing. When the result of this analy-
sis is compared with the scientific study conducted by 
Ozdemir and Yetemen, it is seen that it gave similar 
results (Ozdemir and Yetemen 2019).

Hence, this study will be beneficial for many studies in 
areas such as evapotranspiration, humidity, temperature, 
hydrology, hydrometeorology and hydroclimatology. On 

the other hand, this study will guide all the planning for the 
western black sea region.

Conclusion

In this study, the effects of climate change on Western 
Black Sea Coast in Turkey were investigated on data 
between 1979 and 2018 (40 Years). According to analysis 
results; an increasing trend was observed at high levels 
of wind speeds (15–25 m/s), an increasing trend was 
observed in medium levels of wind direction (120˚-
160˚), and an increasing trend was observed at high 
levels of Sea Surface Temperature (15–27 °C) with Sen’s 
Innovative Method. On the other hand, decreasing trends 
were observed in daily analyzes of wind speed with Trend 
Analysis Methods (Mann–Kendall and Spearman Rho). 
Sea surface temperature daily and annual analyzes were 
observed increasing trends. Based on these results, the 
adverse effects expected in Western Black Sea Coast in 
coming years are listed below.

• As a result of increases in wind speeds and sea tempera-
tures, hurricanes, and similar formations in study region 
will increase.

• The sufficient winds expected to be seen in the future 
will create more destructive waves in Western Black Sea 
Coast region.

• As a result of changes in sea water levels, coastal floods 
will be more common.

• It will mix into freshwater aquifers with saltwater waters.
• Decreases at low wind speeds will negatively affect bio-

diversity, and changes will occur in plants and species in 
study region.

• These increasing trends will change marine life
• Also, these trends will change both fish population, pre-

cipitation regime and tourism habits for the study area.
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Fig. 7  Graphics of sea surface temperature ( ◦C ) analysis results for 
each province

◂
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