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Abstract: To assess the climatic characteristics of the Black Sea Region, trend analyses were performed with Innovative
Trend Analysis (ITA) using precipitation and temperature data obtained from the General Directorate of Meteorology
(MGM) for 13 provinces (Amasya, Artvin, Bolu, Giresun, Giimiishane, Kastamonu, Ordu, Rize, Samsun, Sinop, Tokat,
Trabzon and Zonguldak). The findings show that there is a general upward trend in both precipitation and temperature.
However, the fact that the temperature trend shows a more pronounced increase than precipitation increases the
likelihood that the Black Sea Region will face drought risk in the future. Graphical analysis reveals that Rize, Samsun,
Sinop, and Trabzon stations show a steady upward trend in precipitation data. Although the graph of Tokat station does
not show a clear trend, statistical analysis shows a low increasing trend. On the other hand, temperature trend analyses
show a clear and significant increasing trend in all stations, which is clearly demonstrated in the graphs. This finding
emphasizes that the temperature increase in the region is widespread and significant. The fact that the precipitation in
Tokat station is almost in a constant trend while the temperature is in a significantly increasing trend indicates that
important measures should be taken in terms of drought risk. The study provides important outputs for future studies,
local administrators and decision-makers.
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Arastirma Makalesi

Karadeniz Bolgesinin Yenilik¢i Sen Yontemi Kullanillarak Yagis ve
Sicakliklarinin Trend Analizi

Oz: Karadeniz Bolgesi'nin iklimsel ozelliklerini degerlendirmek amaciyla 13 il (Amasya, Artvin, Bolu, Giresun,
Glimiishane, Kastamonu, Ordu, Rize, Samsun, Sinop, Tokat, Trabzon ve Zonguldak) i¢in Meteroloji Genel Miidiirligii
(MGM)’nden temin edilen yagis ve sicaklik verileri kullanilarak Yenilik¢i Sen Yontemi (ITA) ile trend analizleri
gergeklestirilmistir. Bulgular hem yagis hem de sicaklikta genel bir artis egilimi oldugunu gostermektedir. Ancak,
sicaklik egiliminin yagisa gore daha belirgin bir artis gostermesi, Karadeniz Bolgesi'nin gelecekte kuraklik riskiyle karsi
karstya kalma olasiligini artirmaktadir. Grafiksel analiz, Rize, Samsun, Sinop ve Trabzon istasyonlarinin yagis
verilerinde istikrarli bir artig trendi gosterdigini ortaya koymaktadir. Tokat istasyonu grafigi, belirgin bir trend
gostermese de istatistiksel analizler diisiik bir artis egilimi oldugunu gostermektedir. Sicaklik trend analizleri ise tiim
istasyonlarda belirgin ve 6nemli bir artig egilimi tespit etmis, bu durum grafiklerle agikca ortaya konmustur. Bu bulgu,
bolgedeki sicaklik artiginin yaygin ve belirgin oldugunu vurgulamaktadir. Tokat istasyonunda yagisin neredeyse sabit
bir trendde seyrederken, sicakligin belirgin bir artis egiliminde olmasi, kuraklik riski agisindan 6nemli tedbirlerin
almmasi gerektigini isaret etmektedir. Calisma, gelecekte yapilacak c¢aligmalara, yerel yoneticilere ve karar vericilere
onemli ¢iktilar sunmaktadir.
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1. Introduction

The Black Sea Region is located in the north of Turkey and attracts attention with its natural beauties,
biodiversity, and economic potential. Agriculture, fisheries, tourism, and energy sectors have an important
place in the region [1]. However, climate change and related environmental factors directly affect economic
activities and living conditions in the region. Therefore, a detailed analysis of climate data in the Black Sea
Region is of great importance for determining sustainable development and environmental management
strategies [2].

In recent years, urban floods have been occurring due to factors such as the increase in impervious areas
with urbanization and short-term and heavy rainfall [3], [4]. In addition to the frequent occurrence of such
disasters in the Black Sea Region, the region with the highest rainfall in Turkey, increasing temperatures with
climate change also increase the risk of drought. Therefore, it is very important to determine the trends of
precipitation and temperature along with drought analysis of the region. There are many methods in the
literature for trend analysis. One of them is ITA. ITA is a modern method used to detect and analyze trends in
time series data. ITA provides more flexible and sensitive results than traditional trend analysis methods [5].
This method has a wide range of applications in various fields such as climate change studies, water resources
management, agricultural productivity, and environmental analysis.

The main purpose of ITA is to make predictions about the trends of data sets by determining the temporal
changes of data at certain time intervals. In doing so, it provides analysis results in two different methods: the
graphical method and the statistical method. The ITA method is especially preferred for analyzing long-term
meteorological data. Drought analysis was performed using precipitation data measured between 1929-2016
in Diyarbakir. Drought index values were determined at 1, 3, 6, and 12-month time scales with the
Standardized Precipitation Index. Drought trends were analyzed using ITA and the driest periods were
determined as 8, 18, 21 and 53 months in 1, 3, 6, and 12-month time scales, respectively. As a result of the
analysis, it was found that extreme dry periods have decreased in recent years and there is a tendency to
decrease by more than 5% in moderately humid periods [6]. Monthly evaporation data from Gaziantep,
Sanlurfa, and Mardin were analyzed by the Mann-Kendall test and ITA. At Sanlurfa station, significant
increasing trends were detected at 95% confidence intervals in May and September and 90% confidence
intervals in October. In May, this increase was calculated as 0.98%/year. The ITA method showed the presence
of trends at low, medium, and high values. As a result, it was determined that the ITA method can be an
alternative to monotonic trend analysis with its ease of calculation and ability to present graphical results [7].
Monthly and annual streamflow drought indices of 7 streamflow observation stations in the Yesilirmak basin
were trend analyzed. In the analyses performed using the Mann-Kendall, ITA, and Thiel-Sen Approach, trend-
free pre-whitening was applied to remove serial dependencies. In the results evaluated according to 1% and
5% significance levels, it was observed that ITA was more sensitive and graphically superior compared to the
Mann-Kendall test. The study showed that increasing hydrological drought trends dominate in the region [8].
Using monthly precipitation data from nine meteorological stations in the Tigris Basin, drought analysis was
performed with the Standardized Precipitation Index at time scales of 3, 6, 12, and 24 months. In the trend
analysis with ITA, the longest dry period was observed at the Cizre station with 158 months in the SYI-24time
scale. The highest drought rate was determined as 58% at Yiiksekova station in SY1-12. In addition, a "very
strong" decreasing trend was detected at Maden station on all time scales [9]. Temperature trends of 14
provinces in the Eastern Anatolia Region were analyzed and Mann-Kendall test and ITA were used. According
to the results of the analysis, a positive trend was found in 12 provinces and a downward trend in Erzurum.
No trend was found in Bitlis at a 95% confidence interval. The results of the three methods largely supported
each other within a 95% confidence interval [10].

This study aims to determine the climatic trends of the Black Sea Region by using annual average
temperature and precipitation data between 1962 and 2023. This analysis using ITA aims to reveal the
temporal dynamics of climate changes in the region. The datasets to be used in the study were obtained from
MGM and this dataset includes annual average temperature and precipitation data. In the analysis process, it
is aimed to identify trends in temperature and precipitation data, to evaluate the statistical significance of these
trends, and to provide predictions about the future climatic dynamics of the region. The findings will contribute
to the development of sustainable agriculture, water resources management, and environmental protection
policies in the Black Sea Region. It will also shed light on the strategic planning necessary for the adaptation
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of the region to climate change. In this context, the results of the study are expected to provide important
information for decision-makers and policymakers in the region.

2. Materyal ve Metot
2.1. Study area

In this study, the provinces of Amasya, Artvin, Bolu, Bolu, Giresun, Giresun, Glimiishane, Kastamonu,
Ordu, Rize, Samsun, Samsun, Sinop, Tokat, Trabzon and Zonguldak in the Black Sea Region were determined
as the study area to perform trend analysis. In this context, total precipitation and average temperature data
for the monthly time period between 1962-2023 were obtained from MGM. The locations of the provinces
and meteorological observation stations determined as study areas in Turkey are given in Figure 1.

TURKIYE
e

. Eart diia S
o ,,{; @ Meteorological Observation Stations
’ Provincial Borders

0 50100 200 300 400
o e mm Kilometers

Figure 1. Black Sea region and meteorological observation stations
The number, basin, and altitude values of the meteorological observation stations are shown in Table 1.
Table 1. Characteristics of Meteorological Observation Stations

Station Number Station name Basin name Station Altitude
17085 Amasya Yesilirmak 409
17045 Artvin Coruh 613
17070 Bolu Bat1 Karadeniz 743
17034 Giresun Dogu Karadeniz 38
17088 Gilimiishane Dogu Karadeniz 1,216
17074 Kastamonu Kizilirmak 800
17033 Ordu Dogu Karadeniz 5
17040 Rize Dogu Karadeniz 3
17030 Samsun Yesilirmak 4
17026 Sinop Bat1 Karadeniz 32
17086 Tokat Yesilirmak 611
17037 Trabzon Dogu Karadeniz 25
17022 Zonguldak Bat1 Karadeniz 135

2.2.1TA

In this study, the ITA method proposed by Sen [2] is used to perform trend analysis. The main advantage
of ITA, unlike other trend analyses, is that it does not require any assumptions or control of the distribution
[11], [12]. In addition, ITA is widely used as it allows to identify in which region the trends are concentrated
with a graphical technique [13]. The main purpose of ITA is to estimate the trends of data belonging to the
same time series. The time series is divided into two equal periods, the first half-time series and the second
half-time series. The data sets of both half-time series are sorted from smallest to largest. The sorted data set
of the first half-time series is positioned on the x-axis in the coordinate system and the sorted data set of the
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second half-time series is positioned on the y-axis in the coordinate system. And then the x=y line is drawn.
According to whether the marked data sets are above or below this line, predictions such as decreasing,
increasing, or no trend can be made [14].

ITA's graphical method process steps are as follows;

e Time series with n number of data

(X1, X2, -+ Xn)s {V1,n/2 y={x1,x2,.., xn/z} ve {J’z,n/z}:{ Xn/2+10 Xn/2+420 ) Xn
is separated according to two simultaneous times.
e The data are sorted from smallest to largest;
{riy={min(yyn/2), - - -5 Vir - - -, max(yy n/2)} (1 <i<n/2)
{r}={min(yzn/2), . -, ¥js - -, max(Yzn/2)} (1 <j<n/2)
{ry={maks(y15/2), - - > Yi - - ., Min(y1n/2)} (1 <i<10/2)

{ry}=1maks(¥2n/2)s - - - » Vjs - - - » MiN(Yz /2)} (1 <j<n/2)
as new series are obtained.

e The values in clusters {r; } and {r, } are matched in pairs and shown in the scatter diagram. In the
graph, the same scale is used on the horizontal and vertical axes and the smallest values of {r;}
and {r,} are matched. Similarly, the largest values of {r;} and {r,} are also matched and these
points have coordinates [Min(y; ,,/2), MiN(y2n/2)], - [MaX(y1,n/2), Max(y,,/2)]- In this case, the
{r,} data represents the first half of the series on the horizontal axis, and the {r,} data represents
the second half of the series on the vertical axis.

e The 1:1 line is drawn.

e A 1:1 line represents perfect correlation. The trend can be interpreted by looking at whether the
data is above or below this line. If the majority of the data lies above the line, this indicates an
upward trend; if the majority lies below the line, this indicates a downward trend. If a data point is
just above the line, it can be said that there is no upward or downward trend for this data [15].

In the graphical method; if the data sets are clustered above the 1:1 line, it indicates an increasing trend,
and if they are clustered below, it indicates a decreasing trend. In some cases, the graphical method does not
give clear results about the direction of the trend. Therefore, the results should be checked statistically [16].
The equations used for this are as follows:

4 - o -

0?2 = = (E(v) - 2E(y) + E(v2)) Q)
_ (EGwy2)-EG2)-E()

Py,y, = - Zgy_lay_zz - (2)
8 ¢?

0-52 = ﬁ?(l - py_z)’]) )
2V2

O'Sz=m0' 1_'0372371 4)

CL(l—a) =0+ ScriticalOs (5)
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In the equations, (y;) is the mean of the first data, (y,) is the mean of the second data, (p) is the correlation
between the first and second data, s is the slope value, n is the number of data, o is the standard deviation of
all data, and gy is the standard deviation of the slope [17].

Scriticar TeTers to the Z critical values for a one-way hypothesis (e.g. at the 95% confidence level). The
critical upper and lower limit values calculated in the last step of the statistical check are established to
determine the limits of the hypothesis test. If the trends of the data obtained from individual stations are outside
the upper and lower confidence limits of the critical s value, it can be said that a trend is present in the data
analyzed. To determine whether this trend is increasing or decreasing, the sign of the critical s is examined. A
positive slope value s indicates an upward trend in the data, while a negative slope value indicates a downward
trend [16].

3. Results and discussion

Trend analysis is often used to determine the climatic characteristics of a region. Although it cannot give
as clear results as drought indices, knowing the trends of temperature and precipitation provides a strong
estimate of the drought status of the region. ITA, which has gained a place in the existing studies in the
literature, has some important advantages over other trend analysis methods. One of these advantages is that
it offers a statistical solution together with the graphical method.

In the graphical method, clustering of the data in the upper region of the trend line indicates an increasing
trend, clustering in the lower region indicates a decreasing trend, and clustering above the trend line indicates
that there is no clear trend. For 13 provinces in the Black Sea Region (Amasya, Artvin, Bolu, Giresun, Giresun,
Glimiishane, Kastamonu, Ordu, Rize, Samsun, Sinop, Tokat, Trabzon and Zonguldak), trend analyses were
carried out with the ITA method using precipitation and temperature data obtained from MGM. As a result of
these analyses, it was determined that, in general, precipitation and temperature values have an increasing
trend. However, the fact that the temperature increase shows a higher trend compared to the precipitation
increase increases the risk of the Black Sea Region facing drought in the future. As a result of the analysis,
the trend graph of precipitation data is given in Figure 2 and the trend graph of temperature data is given in
Figure 3.

56 [ 4 d
80 64 4 Py
& & o o & .
a o
&4 K70 A &6 .
& .
2 g e 2 g
o 48
E‘m 1 et EGO E ’ *
E E £ 40
Ex < E” o’ g
c c ] c [
2 240 4 O 32 ~
51 : g g
= 830 824 1
o o o
@16 g g
% 820 .16
T = ™ = = ™ =
° 84 Amasya station B10 Artvin station S 54 Bolu station
= ® Values = e Values = ® Values
Reference line Reference line Reference line
0 T T T T T T 0 T T T T T T T T 0 T T T T T T T T
0 8 16 2 32 40 48 56 0 10 20 30 40 50 60 70 80 0 8 16 24 32 40 48 56 64
Total precipitation(mm) 1962-1992 Total precipitation(mm) 1962-1992 Total precipitation(mm) 1962-1992
- - -
140 ol 70
© . 50 (] ™ e
S g Ly g
120 4 / q [3 &i6o &
© ) '3 ) o
8 g ¢ S o
~ 100 - 50 - o
E € E ?
£ a0+ . Eq Euo
[ c c e @
3 2 . 2 .
8 60 o] B30 4
g 820 =
] ] ]
@ 404 o 20
Q o o
= = 7 T 10 = ™ -
S 20+ Giresun station s S 510 - Kastamonu station
L e Values (] & Values = ® Values
Reference line —— Reference line Reference line
0 T T T T T T T 0 T T T T T 0 T T T T T T T
0 20 40 60 80 100 120 140 0 10 20 30 40 50 0 10 20 30 40 50 60 70

Total precipitation(mm) 1962-1992 Total precipitation(mm) 1962-1992 Total precipitation(mm) 1962-1992



Journal of Studies in Advanced Technologies 2024, 2, 2

79

N}
S

a
=]

\

e
=)
L

N
S
L

Ordu station
® Values

Total precipitation(mm) 1993-2023
[

o

2 40 60 8 100
Total precipitation(mm) 1962-1992

o

Reference line
T

120

N P ®
& 3 8
! !

\J

Total Erecipitation(mm) 1993-2023
L]

Sinop station
® Values

o

—— Reference line
T T

2 a0 60 80
Total precipitation(mm) 1962-1992

o

L
Q 240 4
o [ )
S f
200
o
o
-
£ 160 o®
£
=
&
5 120
©
=
]
O 804
2
(=N
= = 7
g 40 Rize station
L ® Values
Reference line
0 T T T T T T
0 40 80 120 160 200 240

Total precipitation(mm) 1962-1992

Total precipitation(mm) 1993-2023
!

o

Tokat station
® Values
—— Reference line

T

o

T T T
10 2

0 30
Total precipitation(mm) 1962-1992

2023

120

3
<3
I

Total precipitation(mm) 1993
»
!

0

Zonguldak station
® Values

40 50

Reference line
T

0

40 a0 120
Total precipitation(mm) 1962-1992

Total precipitation(mm) 1993-2023

N

Total precipitation(mm) 1993-2023

®
=3

)
S

IS
=}
1

N
S
L

o
S
L

@
S

N
=)
L

o

Samsun station
® Values
Reference line
T

o

2 40 a0 80
Total precipitation(mm) 1962-1992

o

.

Trabzon station
® Values
—— Reference line
T

o

20 4’0 60 80
Total precipitation(mm) 1962-1992

Figure 2. Analysis of precipitation records according to ITA

As a result of the precipitation analysis, the evaluations made by using the graphical method reveal that
the values of Rize, Samsun, Sinop, and Trabzon stations are all located above the trend line, indicating a steady
increase in precipitation. When the graph of the landlocked Tokat station is examined, it is observed that many
points are clustered on the trend line. Although this implies that there is no clear trend, the analysis by
statistical methods shows that the slope value (0.01365) is greater than the Scritic value (0.01129). This reveals
that there is an upward trend, albeit at a very low rate. In their study, Partal and Yavuz [18] conducted a trend
analysis of precipitation data in the Central Black Sea and Eastern Black Sea Region with the ITA method.
As a result of this study, they observed that there is an increasing trend in all stations. In this respect, their

findings are similar to this study.
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Figure 3. Analysis of temperature records according to ITA
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According to the results of temperature trend analyses, significantly increasing trends were detected in
all stations. Examination of the graphs clearly revealed this situation and there was no need to resort to
statistical methods. This clear and consistent increase in the graphs clearly shows that the temperature values
have increased at a high rate at each station. This finding reveals how significant and widespread the
temperature increase in the region is. The fact that the precipitation at Tokat station is almost in a constant
trend while the temperature is in a significant upward trend indicates that important measures should be taken
in terms of drought risk. Tokgdz and Partal [17] conducted trend analyses using precipitation and temperature
data for the Black Sea Region using Mann-Kendall and ITA methods. While an increase in precipitation and
temperature was observed according to the results of the ITA method, it was stated that this increase was not
observed in all stations according to the Mann-Kendall method. The analyses they obtained as a result of their
study gave similar results with this study.

4. Conclusions

This study analyzed precipitation and temperature data with ITA to understand the climatic dynamics of
the Black Sea Region and revealed the future climatic risks of the region. The findings generally show
increasing trends in both precipitation and temperature values. In particular, the fact that the increase in
temperature is more pronounced than the increase in precipitation indicates that the Black Sea Region may
face the danger of drought in the future. This situation indicates that the region has become more vulnerable
to the impacts of climate change.

The results of the graphical analyses revealed a steady increase in precipitation in coastal provinces such
as Rize, Samsun, Sinop, and Trabzon, while in Tokat province, the precipitation trend was not evident but
showed a statistically low increasing trend. This finding suggests that climate change impacts in inland areas
may be more complex. Analysis of temperature data showed a clear and significant increasing trend in all
stations. Although the precipitation trend in Tokat province remains constant, the increasing trend of
temperature suggests that there may be an increase in the severity of drought. However, an examination of the
geological structure of the region will contribute to a more accurate and comprehensive conclusion on this
issue.

In conclusion, this study shows how increasing temperature trends and precipitation changes in the Black
Sea Region affect the climatic balance of the region and emphasizes the need to take measures against future
climate risks. The development of regional climate strategies, water resources management, and drought
mitigation policies should become an urgent priority in light of these findings. The continuation of such studies
will help us better understand the impacts of climate change at the local level and develop regional adaptation
strategies.

Author Contribution Rate

Methodology, B.C. and 1.T.; Software, I.T.; Validation, B.C.; Investigation, B.C. and I.T.; Writing —
Review & Editing B.C., I.T. and R.A.; Supervision, R.A. All authors have read and accepted the published
version of the manuscript.

Acknowledgements
The authors thank the T.C. General Directorate of Meteorology (MGM) for the data.
Conflict of Interest Statement

The authors declare no conflict of interest.



Journal of Studies in Advanced Technologies 2024, 2, 2 82

References

[1] DPT, "Tiirkiye'nin Kalkinma Plan1 ve Karadeniz Boélgesi," Devlet Planlama Teskilati, Ankara,
Turkiye, 2010.

[2] Z. Sen, "Innovative trend analysis methodology," Journal of Hydrologic Engineering, vol. 17, no. 9,
pp. 1042-1046, 2012.

[3] IPCC, "Climate Change 2013: Synthesis Report", Valencia, Spain, 2013.

[4]  B. Cirag and M. Firat, "Two-dimensional (2D) flood analysis and calibration of stormwater drainage
systems using geographic information systems,” Water Science & Technology, vol. 87, no. 10, pp.
2577-2596, 2023.

[5] Z. Sen, "Innovative trend significance test and applications,” Theoretical and Applied Climatology,
vol. 127, pp. 939-947, 2017.

[6] V. Giimiis, L. D. Dinsever, and O. Simsek, "Diyarbakir istasyonunda 1929-2016 boyunca tarihsel
kurakligin yenilik¢i sen yontemi ile trend analizi," 2021.

[7] Y. Avsaroglu, V. Giimiis, O. Simsek, L. D. Dinsever, and M. Kus, "Giineydogu Anadolu Bolgesi’ndeki
aylik toplam tava buh@rlasma verilerinin Mann-Kendall Testi ve Yenilik¢i Sen Yontemi ile trend
analizi," Giimiishane Universitesi Fen Bilimleri Dergisi, vol. 11, no. 4, pp. 1059-1070, 2021.

[8] O. M. Katipoglu, S. N. Yesilyurt, and H. Y. Dalkilig, "Yesilirmak havzasindaki hidrolojik kurakliklarin
Mann-Kendall ve Yenilik¢i Sen yontemi ile trend analizi," Giimiishane Universitesi Fen Bilimleri
Dergisi, vol. 12, no. 2, pp. 422-442, 2022.

[9] L. D. Dinsever, "Dicle havzasindaki meteorolojik kuraklik trendinin yenilik¢i sen yontemi ile
belirlenmesi,” Ph.D. dissertation, 2021.

[10] M. E. Keskin and K. Saplioglu, "Tiirkiye'nin Dogu Anadolu Bolgesindeki Sicaklik Egilimlerinin
Yenilik¢i Trend Analizi ve Mann-Kendall ile Belirlenmesi,” Journal of Innovations in Civil
Engineering and Technology, vol. 5, no. 1, pp. 1-16, 2023.

[11] T. Caloiero, "Evaluation of rainfall trends in the South Island of New Zealand through the innovative
trend analysis (ITA)," Theoretical and Applied Climatology, vol. 139, no. 1, pp. 493-504, 2020.

[12] J. Mallick, S. Talukdar, M. Alsubih, R. Salam, M. Ahmed, N.B. Kahla and M. Shamimuzzaman,
"Analysing the trend of rainfall in Asir region of Saudi Arabia using the family of Mann-Kendall tests,
innovative trend analysis, and detrended fluctuation analysis,” Theoretical and Applied Climatology,
vol. 143, pp. 823-841, 2021.

[13] T. Caloiero, R. Coscarelli, and E. Ferrari, "Application of the innovative trend analysis method for the
trend analysis of rainfall anomalies in southern Italy," Water Resources Management, vol. 32, pp.
49714983, 2018.

[14] 1. Taskolu, "Giineydogu Anadolu Bélgesi igin kuraklik analizi," M.S. thesis, 2023.

[15] Y. S. Gugld, "Multiple Sen-innovative trend analyses and partial Mann-Kendall test,” Journal of
Hydrology, vol. 566, pp. 685-704, 2018.

[16] Z. Sen, "Innovative Trend Significance Test and Applications," Theoretical and Applied Climatology,
vol. 127, no. 3, pp. 939-947, 2015.

[17] S. Tokgoz and T. Partal, "Karadeniz Bolgesinde yillik yagis ve sicaklik verilerinin yenilik¢i sen ve
mann-kendall yontemleri ile trend analizi,” Journal of the Institute of Science and Technology, vol. 10,
no. 2, pp. 1107-1118, 2020.

[18] T. Partal and E. Yavuz, "Orta Karadeniz ve Dogu Karadeniz Bélgesinde kuraklik indisleri {izerine

trend analizi uygulanmas1," Dicle Universitesi Miihendislik Fakiiltesi Miihendislik Dergisi, vol. 11, no.
2, pp. 851-861, 2020.



