Yuzuncu Yil University Journal of the Institute of Natural & Applied Sciences, Volume 28, Issue 3 (December), 1012-1028, 2023

©

Yuzuncu Yil University

),
Q:"'\’ Journal of the Institute of Natural & Applied Sciences
X )

https://dergipark.org.tr/en/pub/yyufbed

e
YUZUNCO YIL ONIVERSITES|
Fen Bilimleri Ensiitisd Dergisi

. /r"37 \\‘

YUZUNCU YIL UNIVERSITY.
Journal ine nstitate of
Natural & Appled Sciences

Research Article

Homogeneity and Change Point Detection Analysis of Seasonal and Annual

Precipitation and Temperature Series Van, Tiirkiye

Islam YASA™!, Mehmet Ishak YUCE 2, Musa ESIT 3

! Ondokuz Mayis University, Faculty of Engineering, Department of Civil Engineering, Samsun, Tiirkiye
2 Adiyaman University, Faculty of Engineering, Department of Civil Engineering, Adiyaman, Tiirkiye
3 Gaziantep University, Faculty of Engineering, Department of Civil Engineering, Gaziantep, Tiirkiye
Islam YASA, ORCID No: 0000-0002-4809-9471 Mehmet Ishak YUCE, ORCID No: 0000-0002-6267-9528

Musa ESIT, ORCID No: 0000-0003-4509-7283

*Sorumlu yazar e-posta: islam.yasa@omu.edu.tr

Atrticle Info

Received: 15.11.2022
Accepted: 07.04.2023
Online December 2023

DOI:10.53433/yyufbed.1204538

Keywords
Change-point,

Homogeneity test,

Precipitation,
Temperature,
Van

Abstract: The quality and consistency of historical temperature and precipitation
records are extremely important to researchers who study water resources,

hydrological processes, and climate change. In this regard, Homogeneity tests are
helpful tools for managing the accuracy and consistency of the data. In this study,
the homogeneity of long-term annual and seasonal precipitation and temperature
records obtained from five meteorological stations located in Van, Turkey, is

examined using Standard Normal Homogeneity (SNHT), Pettitt (PT), Buishand
Range (BR), and Cumulative Deviation (CD) tests at a significance level of 0.05.
Finally, change-points were determined for each station where the homogeneity

was disturbed. As a result of the study, there is mostly homogeneity in the

precipitation data, and the homogeneity in the temperature data is deteriorated.
The results of this study constitute a source of information in terms of the
reliability of the meteorological data series. As a result, the reliability of the data
should be questioned in the hydrological studies to be carried out in the Van
region and the data should be made reliable in the projects to be carried out.

Mevsimsel ve Yillik Yagis ve Sicaklhik Serilerinin Homojenlik ve Degisim Noktasi Tespit
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Anahtar Kelimeler
Degisim noktasi,

Oz: Su kaynaklari, hidrolojik siiregler ve iklim degisikligi alanlarini inceleyen

arastirmacilar, tarihsel sicaklik ve yagis serilerinin dogruluguna ve tutarliligina

bliylik 6nem vermektedir. Bu baglamda, homojenlik testleri, verilerin
dogrulugunu ve tutarlilifin1 yonetmek icin yararli araclardir. Bu calismada,

Tirkiye'nin Van ilinde bulunan bes meteoroloji istasyonundan alinan uzun siireli

yillik ve mevsimsel yagis ve sicaklik kayitlarinin homojenligi, Standart Normal

Homojenlik (SNHT), Pettitt (PT), Buishand Range (BR) ve Kiimiilatif Sapma

(CD) testleri kullanilarak 0.05 anlamlilik diizeyinde incelenmistir. Son olarak
homojenligin bozuldugu her istasyon i¢in kirilma noktalar1 tespit edilmistir.

Homojenlik testi, Calismanin  sonucunda yagis verilerinde ¢ogunlukla homojenligin oldugu

Sicaklik, sicaklik verilerinde ise homojenliginin bozuldugu sdylenebilir. Bu ¢alismanin

;/al} sonuglari, meteorolojik veri serilerinin giivenilirligi a¢isindan bir bilgi kaynagi
agls

olusturmaktadir. Sonug¢ olarak Van bolgesinde yapilacak olan hidrolojik
calismalarda verilerin giivenilirligi sorgulanmali ve yapilacak projelerde verilerin

giivenilir hale getirilmesi gerekmektedir.
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1. Introduction

Analysis of climate change has become necessary given the possibility that the impact of
extreme events such as heavy rainfall or rising temperatures in recent times is attributable to climate
change, which causes danger and anxiety to communities, the natural environment, and human life
(Yozgathgil & Yazic1 2016; Yiice et al.,2019; Yildinnm & Rahman 2022). Climate analysis requires
accurate measurement of climate data. However, issues resulting from a variety of parameters, such as
the environment around the station, the accuracy of the measurement tool, the relocation of stations,
equipment changes, equipment losses, equipment shifts, and changes in the collection method, have an
impact on the climate data (Karl & Williams 1987; Khaliq & Ouarda 2007; Dikbas et al., 2010; Sahin
& Cigizoglu 2010; Ho Ming & Yusof 2012; Yuce et al., 2022; Yuce & Esit 2021). These aspects need
to be recognized and considered for scientific and meteorological analyses.

Hydrological time series, one of the climate data, are the outputs of certain natural conditions
and may show irregular fluctuations. In addition, these series may show significant trends or jumps
(Wong et al., 2006; Yiice et al., 2018; Elzeiny et al., 2019). The reliability and homogeneity of the data
should be assessed before beginning a research study, climate analysis, water resources management, or
project planning. The homogeneity analysis is a crucial component of this quality control. Once the
series' homogeneity has been established, the non-homogeneous series should either be adjusted or
excluded from the analysis (Ahmad & Deni 2013; Yozgatligil & Yazic1 2016; Kazemzadeh & Malekian
2018). Consistency issues might arise when non-homogeneous climatological time series is used in the
project and research study.

Ho Ming & Yusof (2012) examined the homogeneity of the daily rainfall series of 33
Damansara, Johor, and Kelantan stations in the Malaysian Peninsula using four methods: the SNHT, the
BR test, the Pettitt test, and the VNR test. They observed that these 33 stations were homogeneous in
their annual average and annual maximum rainfall, and there was no homogeneity in only 12.12% of
their annual median. Agha et al. (2017) investigated the homogeneity of the recorded long-term
precipitation data of 9 meteorological stations in northern Iraq, namely Mosul, Dohuk, Arbil,
Suleimaniyah, Kirkuk, Telaffer, Sinjar, Dokan, and Derbandghan, with the Pettit, SNHT, BR, and VNR
tests at a significance level of 0.05. the SHNT test results based on annual data indicate that there was
no homogeneity among the four stations. Mosul and Derbandghan stations also showed inhomogeneous
Pettit results. Elzeiny et al. (2019) obtained precipitation data from 30 meteorological stations along the
Upper Blue Nile River Basin between 1901 and 2013. they determined the precipitation data
homogeneity by using SNHT, BR, Pettitt, and VNR tests, frequently used in the literature. According
to the SNHT and BR tests results, the annual series of all stations were homogeneous and classified as
“useful” at the 95% significance level. However, in the Von Neumann ratio test, the homogeneous data
of six stations were not homogeneous. It revealed that 14 stations were not homogeneous according to
the Pettitt test, which confirmed that it was more sensitive in detecting inhomogeneity for time series.
Senocak & Emek (2019) examined the homogeneity of Monthly Precipitation data of 46 meteorological
stations in the Eastern Anatolia Region with the Run and Pettitt tests. The results showed that the data
of seven stations according to the Pettitt test and one station according to the Run test were not
homogeneous. The results of the two tests determined the homogeneity of the precipitation data of 38
stations. In the study performed by Yilmaz (2021), homogeneity analysis was applied to the monthly
average temperature (°C) and total precipitation (mm) data of 17 stations between 1961 and 2019 in the
Black Sea Region. The analysis was conducted in annual, seasonal, and monthly time series.Von
Neumann ratio test, Run, Pettit, BR, and SNHT were used among the homogeneity methods.
Considering the results of the study, while the annual precipitation data was found non-homogeneous at
three stations according to the Buishand, SNHT, and Von Neumann tests, four stations showed as non-
homogeneous according to the Pettitt in one station according to the Run test. Apart from these stations,
no deterioration in homogeneity was observed at other stations. In the annual temperature data, it was
observed that homogeneity was impaired at all stations according to the Pettitt, Buishand, and SNHT
and at all stations except one station according to the Von Neumann test. Compared to these tests, the
Run test determined that all stations were homogeneous except for four stations.

In this study, we examined the homogeneity of the annual and seasonal precipitation and
temperature series of five meteorological stations in the Van Region by applying Standard Normal
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Homogeneity (SNHT), Pettitt (PT), Buishand Range (BR), and Cumulative Deviation (CD)
homogeneity tests and detecting the years of change when not homogeneous.

2. Material and Methods
2.1. Study area and data

Eastern Anatolia, one of Turkey’s seven regions, has the highest elevation, with an average
height of approximately 2000 meters. It was formed as a result of compression due to the collision of
the Eurasian and Arabian plates about 13 million years ago (Saroglu & Yilmaz 1986). The study site is
located in the east of Turkey, covering an area of 19069 km? which lies between the latitudes of 37° 43’
and 39° 26’ N and the longitudes of 42° 40" and 44° 30’ E as shown in Figure 1. Lake Van, located in
the Van region, is the largest lake in Turkey, with a surface area of 3602 km? and a maximum depth of
451 meters. It is the largest lake in the world as a soda lake, with a salinity of 21.7%, a water volume of
614 km?®, and a pH value of 9.7.
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Figure 1. Location of meteorological stations in Van.

In this study, five meteorological stations including Van Bolge (17172), Ercis (17784), Ozalp
(17812), Gevas (17852) and Baskale (17880) are performed. Figure 1 illustrates the province of Van's
location in Turkey, along with the locations of its five meteorological stations, whose latitude and
longitude values are listed in Table 1. Figure 1 also shows the location of the Van region in Turkey.
While Van Bolge station is located in the centre of Van province, other stations are located around this
station. Monthly average precipitation, and average temperature information of these five
meteorological stations were obtained from the Turkish State Meteorological Service. The data ranges
and descriptive statistics of precipitation and temperature records of stations are presented in Table 1.
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Table 1. Descriptive statistics of precipitation and temperature data series. (St. Dev.: Standard
Deviations, Cv: Coefficient of variation, Cs: Skewness, rl: kurtosis)
Earliest Latest
Station Parameter record record Latitude Longitude Mean St.Dev. Cv Cs rl
year year
ipitati 395.25 72.25 0.18 0.19 0.16
17172 Precipitation (mm/yr) 1666 o001 384603 43346
Temperature (°C) 9.46 1.12 0.12 -0.18 0.57
ipitati 43374 113.78 026 046 0.36
17784 ~ Precipitation (mm/yr) o000 o001 390108 433386
Temperature (°C) 8.16 1.07 0.13 0.08 0.39
ipitati 45532 174.38 038 1.77 0.61
17812 Precipitation (mmAm) o5 o001 386573 43.9767
Temperature (OC) 5.84 1.30 022 -097 0.30
ipitati 49945 107.22 021 0.16 0.37
17852 Precipitation (mmAm) o0, o001 382063 43.1197
Temperature (OC) 9.11 0.77 0.08 0.28 0.27
ipitati 451.44 142.28 032 197 0.25
17880  Precipitation mmAm) o5 o001 330435 440173
Temperature (OC) 6.12 1.15 0.19 -0.63 0.36

2.2. Homogeneity tests

Four different homogeneity tests were selected to identify the inhomogeneity in the rainfall and
temperature meteorological time series. These are SNHT (Alexandersson, 1986), the Pettitt test (Pettitt,
1979), BR (Buishand, 1982), and Cumulative Deviation tests (CD) (Buishand, 1982). These tests, which
are homogeneity tests, can determine if a given set of time series data is homogeneous or not ( Wijngaard
et al., 2003; Ho Ming &Yusof 2012; Elzeiny et al., 2019; Yildirim & Rahman2022). SNHT, Pettitt test,
and BR test, the main advantage of which is the exact year of the breakout and which are commonly
referred to as "location-specific tests" (Wijngaard et al., 2003), assumes that, under the alternative
hypothesis, it contains a break in the mean and is classified as inhomogeneous (Elzeiny et al., 2019).

2.2.1. Standard normal homogeneity test (SHNT)
The SNHT, proposed by (Alexandersson, 1986), is more susceptible to time series breaks at the

start and end. The null and alternative hypotheses are the same in both the Buishand range and Pettitt
tests (Agha et al., 2017; Elzeiny et al., 2019). The statistic T is computed as:

T,=Dz*+(n—d)z%, d=12,...... n (1)
d n
1 _ ) 1 _
A=) M-Dfsandz,=—— > ¥ -T)/s @
i=1 i=d+1

where Z; and Z, are the parameters of T4 statistic: k is the years of record; ¥ is the mean of time series;
Y; is the annual series which will be tested, and s is the standard deviation.

When the records are broken at any year D, T(d) reaches its maximum near the year D = d. As
defined above, T is the test statistic:

max T(d) 3)

1=d=<0

The critical values of T statistics are given in Table 2. The null hypothesis is rejected if T
exceeds a critical value, which is based on the sample size.
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Table 2. The 1% critical values (Jaruskova, 1996) and the 5% critical values of T statistic in the standard
normal homogeneity test (Alexandersson et al., 1997)

Critical value of T, statistic

n =20 n =30 n =40 n =50 n=170 n =100
99% 9.56 10.45 11.01 11.38 11.89 12.32
95% 6.95 7.65 8.10 8.45 8.80 9.15
2.2.2. Pettitt test

The Pettitt test is a nonparametric distribution predicated on the Mann-Whitney and Wilcoxon
test used to assess categories of homogeneity in time series and can reveal the breakpoint (month or
year) at a continuous data set (Pettitt, 1979). The ranks 1y, ..., 1;,, of the ......, Y,, are used to calculate
the statistics:

k
Xk=22ri—k(n+1), k=12, .0 )
i=1

If a break is detected in year K, the absolute value of X, approaches to the maximum value,

X = OTQESXJXH 5)

The critical values of X}, the statistic in the Pettitt test suggested by Pettitt (1979) is presented
in Table 3.

Table 3. The 1% and 5% critical values of X}, statistic

The 1% and 5% critical values of X, statistic

n =20 n =30 n =40 n =50 n=170 n =100
99% 71 133 208 293 488 841
95% 57 107 167 235 393 677

2.2.3. Buishand range test (BR)

A parametric test that is more susceptible to detecting breakpoints in the middle of a time series
is the Buishand Range Test (Hawkins, 1977). Buishand (1982) introduced it to find breakpoints in time
series assuming test values are independent and normally distributed (Wijngaard et al., 2003).

The following formula is used to determine the statistics-adjusted partial sums;

k
55=0and5,§=2(Y1—7) k=12 ..n (6)

i=1

When the series is homogeneous Sy, of the given series will change around zero. When there is
a break in the year K, the adjusted partial sums come to a maximum or minimum close to year k = K.
The test statistic is defined as:

Range = [max Sy — min S;]/s (7)
where s is the sample standard deviation. Table 4 shows the crucial values for R /v/n.
2.2.4. Cumulative deviation (CD) test

The adjusted partial sums or cumulative deviations (S*) from the mean can be utilized to test
the homogeneity of the data series in the following formula.
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k
Sp = Z(yi—V) k=12..,n (8)
i=1

where Yj is the climatic parameter's observed value i; Y is the sample mean; and the data series' number
of records is n. Equation 9 indicates the scaled-adjusted partial sums Sy, .

Spt = Sk/Dx (k=1,2,..,n) )

where D, is the sample standard deviation, which may be determined using the formula below;

n
1
DZ == (x— %) (10)
n .
=1
Q = max|S;| (11)

Higher Q statistic values signify non-homogeneity in the time series (Kazemzadeh & Malekian
2018). Based on the 19,999 artificial Gaussian random number sequences, Buishand (1982) provided
the crucial Q values for a few specified values of n. Table 4 displays the Q statistic's critical values for
the cumulative deviation test.

Table 4. The 1% and 5% critical values of Q /v/n statistic in the cumulative deviation test and R/\/n
statistic in the Buishand range test as a function of n (Buishand, 1982)

n Q /+/n statistic R //n statistic

95% 99% 95% 99%
10 1.14 1.29 1.28 1.38
20 1.22 1.42 1.43 1.60
30 1.24 1.46 1.50 1.70
40 1.26 1.50 1.53 1.74
50 1.27 1.52 1.55 1.78
100 1.29 1.55 1.62 1.86
) 1.36 1.63 1.76 2

3. Results

The Pettitt, Standard Normal Homogeneity Test (SNHT), Buishand range test (BR), and
Cumulative Deviation tests (CD) were used to determine the homogeneity of the annual and seasonal
precipitation and temperature data for each station in the Van region. Homogeneity test results were
assessed at a 5% level of significance. When the p-values fell below the 5% level, the data series were
found to be inhomogeneous. Table 5 presents the results of the Pettitt test and SNHT homogeneity tests
of the annual total precipitation and average temperature series. Furthermore, the results of BR and CD
homogeneity tests of these station precipitation and temperature series are given in Figures 2-6. Series
are handled with homogeneity states H, and Hy in the tables. H, indicates that the series are
homogeneous, while H, indicates non-homogeneous.

With a few exceptions, the tests give similar results, as shown by Table 5 and Figures 2-6. The
results indicate that the annual total precipitation and average temperature series for the 17172-Van
Bolge (Figure 2) and 17852-Gevas (Figure 5) stations only demonstrate homogeneity in terms of
precipitation. In addition to this, it was found that other series' homogeneity was impaired.
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Table 5. Annual SHNT and Pettitt tests results (H,: Homogeneous, H,: Nonhomogeneous)

Station SNHT Pettitt Test
Meteorological Variables

Number p-value Tk Decision p-value U Decision

17172 Annual total precipitation (mm/yr) 0.771 2.681436 H, 0.545463 229 H,
Van Bolge

Annual mean temperature (°C) 0 30.68493 H, 8.75E-08 827 H,
17784 Annual total precipitation (mm/yr) 0.00025 17.50556 H, 0.093792 310 H,
Ercis Annual mean temperature (°C) 0 2118619 H, 0002303 461 H,
17812 Annual total precipitation (mm/yr) 0.05275 8.69628 H, 0.057109 388 H,
Ozalp Annual mean temperature (°C) 0.0005 16.61247 H,  6.8E-05 660 H,

17852 Annual total precipitation (mm/yr) 0.28635 5.017537 H, 0.316282 142 H,
Gevas

Annual mean temperature (°C) 0.0016 13.85905 H, 0.009435 242 H,
17880 Annual total precipitation (mm) 0 21.81767 H, 0.14802 332 H,
Baskale
Annual mean temperature (°C) 0 21.88136 H, 1.6E-06 771 H,
Buishand Range Test 1960-2021 Cumulative deviations 1960-2021

™~ E’mcnpnanon ﬂ Precipitation
empe rature 7["\\‘“-[:]“..’“
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Figure 2. Annual buishand range and cumulative deviations test results of station 17172.
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Figure 3. Annual buishand range and cumulative deviations test results of station 17784.
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Figure 4. Annual buishand range and cumulative deviations test results of station 17812.
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Figure 5. Annual buishand range and cumulative deviations test results of station 17852.

Buishand Range Test 1959-2021 Cumulative deviations 1959-2021
~ Precipitation : N Precipitation
Temperature Temperature
................................................................................................. -
— /\f — ™
S N~ —~ \/\/ \ A~
\/‘\/\ o |
I
2 o N
z e =
o = w
2 | -
& y @
B / b
a "7 A
o | AWa \
o ~ )
3 / w \
~ o p—
o | o | N
" (=]
T T T T T T T T T T
1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020
Years. Years

Figure 6. Annual buishand range and cumulative deviations test results of station 17880.

The Pettitt and SHN homogeneity tests results of seasonal time series of stations are given in
Table 6. When Table 6 is examined, homogeneity is observed in the precipitation series in general in
the fall, winter, spring, and summer seasons of the stations. In the temperature series, it was concluded
that the homogeneity did not follow the precipitation series. Figures 7-10 show the seasonal results of
17172 station BR and CD homogeneity tests. The presence of the data set below the critical level in the
figures showing the BR test results or above the critical level in the CD figures indicates that the

1019



YYU JINAS 28(3): 1012-1028
Yasa et al. / Homogeneity and Change Point Detection Analysis of Seasonal and Annual Precipitation and Temperature Series Van, Tiirkiye

homogeneity has deteriorated in that series. When Figures 7-10 are examined the temperature series at
station 17172 is not homogeneous across four seasons.

Table 6. Seasonal SHNT and Pettitt test results (Hy: Homogeneous, H,: Nonhomogeneous)

SNHT Pettitt Test

Station

Number Meteorological Variables

p-value Tk Decision p-value U Decision

Seasonal total precipitation in Fall Season (mm) 0.5107 3.91 H, 0.2867 280 H,
Seasonal mean temperature in Fall Season (°C) 0.0004 16.49 H, 0.0008 563 H,
Seasonal total precipitation in Winter Season (mm) 0.8729 2.17 H, 1 164 H,

E Seasonal mean temperature in Winter Season (°C)  0.0000 29.13 H, 0 774  H,
T~ Seasonal total precipitation in Spring Season (mm) 0.7671 2.72 H, 1 138  H,
Seasonal mean temperature in Spring Season (°C)  0.0001 22.88 H, 0 713  H,
Seasonal total precipitation in Summer Season (mm) 0.3826 4.65 H, 1 137  H,
Seasonal mean temperature in Summer Season(°C) 0.0000 20.43 H, 0 666 H,
Seasonal total precipitation in Fall Season (mm) 0.0194 10.60 H, 0.2564 254 H,
Seasonal mean temperature in Fall Season (°C) 0.0052 12.68 H, 0.0139 395 H,
§ Seasonal total precipitation in Winter Season (mm) 0.1451 6.71 H, 0.0678 326 H,
T Seasonal mean temperature in Winter Season (°C)  0.0003 16.61 H, 0.0040 442 H,
Seasonal total precipitation in Spring Season (mm) 0.4478 4.17 H, 0.9307 155 H,
Seasonal mean temperature in Spring Season (°C)  0.0011 15.08 H, 0.0233 374 H,
Seasonal total precipitation in Summer Season (mm) 0.0030 13.50 H, 0.0370 354 H,
Seasonal mean temperature in Summer Season(°C) 0.0014 15.03 H, 0.0370 354 H,
Seasonal total precipitation in Fall Season (mm) 0.1574 6.55 H, 0.1019 355 H,
Seasonal mean temperature in Fall Season (°C) 0.0181 10.75 H, 0.0141 458 H,
Seasonal total precipitation in Winter Season (mm) 0.5194 3.87 H, 0.2287 303 H,
g Seasonal mean temperature in Winter Season (°C)  0.0004 16.36 H, 0.0002 626 H,
T Seasonal total precipitation in Spring Season (mm) 0.3069 5.09 H, 0.3439 273 H,
Seasonal mean temperature in Spring Season (°C)  0.0027 13.78 H, 0.0003 611 H,
Seasonal total precipitation in Summer Season (mm) 0.3248 4.99 H, 0.5487 234 H,
Seasonal mean temperature in Summer Season(°C) 0.2208 5.87 H, 0.0831 367 H,
Seasonal total precipitation in Fall Season (mm) 0.6179 3.18 H, 1 82 H,
Seasonal mean temperature in Fall Season (°C) 0.0054 11.93 H, 0.0099 241 H,
Seasonal total precipitation in Winter Season (mm) 0.1801 6.02 H, 0.2222 155 H,
§ Seasonal mean temperature in Winter Season (°C)  0.8320 2.20 H, 0.8609 96 H,
T Seasonal total precipitation in Spring Season (mm) 0.7615 2.54 H, 0.6350 112 H,
Seasonal mean temperature in Spring Season (°C)  0.0205 9.96 H, 0.0203 224 H,
Seasonal total precipitation in Summer Season (mm) 0.1208 6.77 H, 0.0554 198 H,
Seasonal mean temperature in Summer Season(°C) 0.1931 5.80 H, 0.2351 153 H,
Seasonal total precipitation in Fall Season (mm) 0.4387 4.31 H, 0.4357 254 H,
Seasonal mean temperature in Fall Season (°C) 0.0013 15.01 H, 0.0292 423 H,
Seasonal total precipitation in Winter Season (mm) 0.0367 9.36 H, 1 147  H,
% Seasonal mean temperature in Winter Season (°C)  0.0000 37.21 H, 0.0006 588 H,
> Seasonal total precipitation in Spring Season (mm) 0.0000 42.37 H, 0.5487 234 H,
Seasonal mean temperature in Spring Season (°C)  0.0003 18.35 H, 0 679 H,
Seasonal total precipitation in Summer Season (mm) 0.1691 6.41 H, 0.0684 378 H,
Seasonal mean temperature in Summer Season(°C) 0.0075 12.25 H, 0.0028 527 H,
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Figure 7. Buishand range and cumulative deviations test results of station 17172 on winter season.
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Figure 8. Buishand range and cumulative deviations test results of station 17172 on winter season.
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Figure 9. Buishand range and cumulative deviations test results of station 17172 summer season.
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Figure 10. Buishand range and cumulative deviations test results of station 17172 fall season.

2020

In Table 7 and Figures 11-15, critical years are given in the annual precipitation and temperature
series, in which the break is seen in the non-homogeneous series. Since there is no change in the
homogeneous series, it is classified as NC. The critical year in which the homogeneity deteriorated in
the annual average temperature series of 17172 stations is 1993, as seen in Table 7 and Figure 11. The
critical years of the annual temperature of the stations 17784, 17812,17852, and 17880 are 2009, 1993,
2009, and 1997, respectively. The change point of precipitation and temperature at station 17784 is
given in Figure 12, station 17812 in Figure 13, and the change point of the temperature at stations 17852
and 17880 gives in Figure 14 and Figure 15. SHNT and Pettitt tests determined the change-point as the
same year at all stations, except for the annual total precipitation series of stations 17784 and 17880.

Table 7. Change-point detection critical year (annual)

Station SNHT Pettitt Test
Meteorological Variables
Number p-value Tk Decision Year p-value U Decision Year
Annual total precipitation (mm/yr) 0.771 2.68 H, NC 0.545463 229 H, NC
17172 Annual mean temperature (°C) 0 30.69 H, 1993 8.75E-08 827 H, 1993
Annual total precipitation (mm/yr) 0.00025 17.51 H, 1969 0.093792 310 H, 1994
17784 Annual mean temperature (°C) 0 21.19 H, 2009 0.002303 461 H, 2009
17812 Annual total precipitation (mm/yr) 0.05275 8.70 Hy 2011 0.057109 388  Hg 2011
Annual mean temperature (°C) 0.0005 16.61 H, 1993 6.8E-05 660 H, 1993
17852 Annual total precipitation (mm/yr) 0.28635 5.02 H, NC 0.316282 142 H, NC
Annual mean temperature (°C) 0.0016 13.86 H, 2009 0.009435 242 H, 2009
17880 Annual total precipitation (mm/yr) 0 21.82 H, 1959 0.14802 332 H, NC
Annual mean temperature (°C) 0 21.88 H, 1997 1.6E-06 771 H, 1997
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Figure 11. Annual SNHT and Pettitt test results for change-point detection critical year of station 17172.
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Figure 12. Annual SNHT and Pettitt test results for change-point detection critical year of station 17784.
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Figure 13. Annual SNHT and Pettitt test results for change-point detection critical year of station 17812.
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Figure 14. Annual SNHT and Pettitt test results for change-point detection critical year of station 17852.
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Figure 15. Annual SNHT and Pettitt test results for change-point detection critical year of station 17880.

The breaking years of the non-homogeneous series in the seasonal total precipitation and
average temperature data series of 5 stations are shown in Table 8. When the table is examined, it has
been determined that the years of change in the seasonal average temperatures of stations 17172, 17812,
and 17880 occurred before the year 2000, but for stations 17784 and 17852 took place after 2000,
according to SHNT and Pettitt tests.

Table 8. Change-point detection critical year (Seasonal)

Station Meteorological Variables SNHT Pettitt Test
Number p-value Tk Decision Year p-value U Decision Year
Seasonal total precipitation in Fall Season (mm) 0.51065 3.907388 H, NC 0.286713 280 H, NC
Seasonal mean temperature in Fall Season (°C) 0.00035 16.48691 H, 1993 0.000777 563  H, 1993
Seasonal total precipitation in Winter Season (mm) 0.8729 2.170154 H, NC 1 164 H, NC
E Seasonal mean temperature in Winter Season (°C) 0 29.13425 H, 1997 7.16E-07 774 H, 1994
T Seasonal total precipitation in Spring Season (mm) 0.76705 2.721991 H, NC 1 138 H, NC
Seasonal mean temperature in Spring Season (°C)  0.00005 22.88197 H, 1993 6.78E-06 713 H, 1993
Seasonal total precipitation in Summer Season (mm) 0.38255 4.65401 H, NC 1 137 H, NC
Seasonal mean temperature in Summer Season(°C) 0 20.43327 H, 1989 3.38E-05 666 H, 1989
Seasonal total precipitation in Fall Season (mm) 0.01935 10.60395 H, 1968 0.256393 254  H, NC
Seasonal mean temperature in Fall Season (°C) 0.00515 12.67976 H, 2008 0.013916 395 H, 2008
Seasonal total precipitation in Winter Season (mm) 0.14505 6.712626 H, NC 0.067834 326 H, 1998
§ Seasonal mean temperature in Winter Season (°C)  0.0003  16.6123 H, 2009 0.003977 442 H, 2009
T Seasonal total precipitation in Spring Season (mm)  0.4478  4.174467 H, NC 0.930708 155 H, NC
Seasonal mean temperature in Spring Season (°C)  0.00105 15.07788 H, 2012 0.023272 374 H, 2009
Seasonal total precipitation in Summer Season (mm) 0.003  13.50224 H, 1967 0.036997 354 H, 1994
Seasonal mean temperature in Summer Season(°C)  0.0014  15.02594 H, 2011  0.036997 354 H, 2011
Seasonal total precipitation in Fall Season (mm) 0.15735 6.549335 H, NC 0.101913 355 H, 2006
Seasonal mean temperature in Fall Season (°C) 0.0181 10.75479 H, 1974 0.0141 458 H, 1993
Seasonal total precipitation in Winter Season (mm) 0.51935 3.874483 H, NC  0.22868 303 H, NC
E Seasonal mean temperature in Winter Season (°C)  0.0004 16.35659 H, 1988 0.000191 626 H, 1983
T Seasonal total precipitation in Spring Season (mm) 0.30685 5.090589 H, NC 0.343946 273 H, NC
Seasonal mean temperature in Spring Season (°C)  0.0027 13.77817 H, 1998 0.000296 611 H, 1998
Seasonal total precipitation in Summer Season (mm) 0.32475 4.994811 H, NC 0.548691 234 H, NC
Seasonal mean temperature in Summer Season(°C) 0.22075 5.869274 H, NC 0.083053 367 H, 1996
Seasonal total precipitation in Fall Season (mm) 0.6179 3.182257 H, NC 1 82 H, NC
Seasonal mean temperature in Fall Season (°C) 0.00535 11.93395 H, 2008 0.009861 241 H, 2008
Seasonal total precipitation in Winter Season (mm) 0.18005 6.020096 H, NC 0.222181 155 H, NC
g Seasonal mean temperature in Winter Season (°C)  0.83195 2.196069 H, NC 0.860898 96 H, NC
T Seasonal total precipitation in Spring Season (mm)  0.7615  2.53747 H, NC 0.634975 112 H, NC
Seasonal mean temperature in Spring Season (°C)  0.02045 9.962784 H, 2012 0.020321 224 H, 2007
Seasonal total precipitation in Summer Season (mm) 0.1208 6.773716 H, NC 0.055433 198 H, 1995
Seasonal mean temperature in Summer Season(°C)  0.1931  5.798922 H, NC  0.235059 153 Hy NC
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Table 8. Change-Point Detection Critical Year (Seasonal) (continued)

. . . SNHT Pettitt Test

Station Meteorological Variables p-value Tk Decision Year p-value U Decision Year

Seasonal total precipitation in Fall Season (mm) 0.43865 4.309364 H, NC 0435719 254 H, NC
Seasonal mean temperature in Fall Season (°C) 0.0013  15.00843 H, 1962 0.02921 423 H, 2008

Seasonal total precipitation in Winter Season (mm) 0.0367 9.357873 H, 1962 1 147  H, NC
§ Seasonal mean temperature in Winter Season (°C) 0 37.21032 H, 1962 0.000568 588 H, 1997

T Secasonal total precipitation in Spring Season (mm) 0 42.37101 H, 1959 0.548691 234 H, NC
Seasonal mean temperature in Spring Season (°C)  0.0003  18.34938 H, 1998 3.73E-05 679 H, 1997
Seasonal total precipitation in Summer Season (mm) 0.16905 6.411269 H, NC 0.068436 378 H, 1995
Seasonal mean temperature in Summer Season(°C) 0.0075 12.25233 H, 1997 0.002831 527 H, 1997

4. Discussion and Conclusion

In this study, the homogeneity of seasonal and annual temperature and precipitation is examined
using Standard Normal Homogeneity (SNHT), Pettitt (PT), Buishand Range (BR), and Cumulative
Deviation (CD) tests at a significance level of 0.05. The four homogeneity tests are assessed using long-
term annual and seasonal precipitation and temperature records obtained from five meteorological
stations located in Van, Turkey. Finally, change point detection is investigated for each station.
According to the results, In the annual average temperature, homogeneity was deteriorated at all stations,
the homogeneity of stations 17172 and 17852, and 17880 was doubtful in annual total precipitation, and
stations 17784 and 17812 showed homogeneity. It can be seen that stations 17784 and 17852 generally
experienced changes after 2000, whereas stations 17172, 17812, and 17880 experienced changes before
this year in the series. Seasonal results revealed that although it is rarely seen that there is homogeneity,
it can be concluded that the homogeneity is broken in the precipitation and temperature data, especially
in the temperature data. The results of most temperature series indicating non-homogeneity may be due
to the effects of climate change in the Van Region. In past studies, homogeneity analysis was applied to
the total precipitation, maximum, minimum, and average temperature series in different regions of
Turkey. When we examine the studies conducted, we can observe that while the homogeneity of the
temperature series has deteriorated (Ay, 2020; Yaman & Ertugrul 2020), it is generally homogenous in
the precipitation series (Hirca et al., 2022, Hirca ve Eryilmaz Tiirkkan, 2020, Yaman & Ertugrul 2020,
Koycegiz & Buyukyildiz 2020). These studies were found to be similar to the results of our results
regarding the Van region. This supported the accuracy of our study. As a result, the reliability of the
data should be questioned in the studies to be carried out in the Van region. It is recommended to either
eliminate from the analysis any stations having inhomogeneous series or to ensure the homogeneity of
these stations.
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