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Abstract

It is a known fact that the precipitation characteristics will become irregular as a result of climate change resulting from
global warming. Trend analysis is one of the most effective methods of observing the effects of climate change on pre-
cipitation. This study compares the changes in precipitation with traditional trend analysis methods and graphical method
(divided into subcategories using the Z-Score Index). Some preliminary analyzes (missing data estimation, homogeneity
check, autocorrelation, and removal of the autocorrelation), which are lacking in many studies in the literature, have been
performed. In this context, the monthly total precipitation data of the precipitation stations belonging to the Coruh Basin,
one of the most important basins of Turkey, for the period 1972-2011 were used. As a result of the study, it was determined
that all the stations’ data were homogeneous, and 92% of them were at the Class A level. While 100% trend is determined in
Innovative Trend Analysis in total annual precipitation, this rate was just 40% at Mann—Kendall and Spearman's rho at 95%

confidence. An increasing trend was determined in the “high” group of total spring precipitation at all stations.

Keywords Precipitation - Trend analysis - Mann—Kendall test - Spearman’s rho test - Innovative trend analysis - Z-score

index

1 Introduction

Since the 1750s, there has been a significant increase in the
concentrations of carbon dioxide (CO,), methane (CH,) and
nitrous oxide (N,0) in the atmosphere (40%, 150% and 20%,
respectively) (IPCC 2014). This increase in greenhouse gas
emissions causes the changes in climate on hydrometeoro-
logical events to be experienced more clearly through global
warming (Guclu 2018). This situation usually causes more
precipitation in rainy areas and more dryness in dry areas.
(Dore 2005; Toride et al. 2018). The severity, frequency,
and duration of droughts and floods that occur are related to
the precipitation characteristics of the study area (Oztopal
and Sen 2017). Therefore, in the design, maintenance, and
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operation of future water structures, and the management of
drainage basins, it is necessary to define these trends occur-
ring in precipitation and take into account the stochastic
characteristics of extreme events (Guclu 2020). Recent stud-
ies on climate change also indicate that the spatial and tem-
poral distributions of precipitation are important factors to
be examined (Vincent et al. 2005; Li et al. 2013). Therefore,
to address climate change objectively, it should be deter-
mined whether trends in hydrometeorological time series are
increasing, decreasing, or neutral (Oztopal and Sen 2017).
In this context, determining trends in various climatic ele-
ments using statistical methods has been an active research
area for many years. Generally, Mann—Kendall (Mann 1945;
Kendall 1975) and Spearman’s tho from nonparametric
methods and linear regression analysis (Haan 1977) from
the parametric method are used in defining trends. Rio et al.
(2011) applied the Mann—Kendall test, which is one of the
classic trend determination methods, to precipitation data
obtained from Spanish weather stations. Nalley et al. (2013)
examined the trends in average surface air temperature of
the southern parts of Canada—Ontario and Quebec—using
the Mann—Kendall and sequential Mann—Kendall test. In
another study, Gocic and Trajkovic (2014) determined the
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trend in evapotranspiration data using both parametric and
nonparametric methods. Adarsh and Janga Reddy (2014)
long-term precipitation trends in the regions of Kerala,
Tamil Nadu, North Interior Karnataka, and Telangana,
four subdivisions of South India, were analyzed using lin-
ear regression, Mann—Kendall, and Sen’s slope estimator
methods. Zarei and Eslamian (2017) examined the trends in
precipitation and Standard Precipitation Index (SPI) using
linear regression, Mann—Kendall, and Spearman’s rho tests.
Bacanli (2017) annual and monthly time series trends of
Aegean were investigated by applying the Mann—Kendall
and Spearman’s rho test. Forootan (2019) conducted trend
analysis on temperature, precipitation, flow, humidity, evap-
oration, and wind speed data using nonparametric methods.

Although trend analysis is one of the most effective meth-
ods for observing and interpreting the effects of climate
change on precipitation, Mann—Kendall and Spearman’s rho,
which are the most widely used nonparametric tests, have
some advantages and disadvantages. These advantages; the
Mann—Kendall test allows for missing data (Yu et al. 1993),
the Mann—Kendall test is highly resistant to the effects of
outliers (Isioma 2018), does not require data to be normally
distributed (Jaiswal et al. 2015), likewise Spearman’s rho
(Gauthier 2001). The disadvantages are as follows; since
it is sensitive to intrinsic dependence, autocorrelation con-
trol should be done before applying Mann—Kendall (Partal
2003). The Mann—Kendall test gives a holistic monotonic
trend without any categorization of the time series (Dabanl
et al. 2016) likewise the Spearman’s rho test (Yilmaz and
Tosunoglu 2019). Although the nonparametric methods
mentioned above are frequently used in determining the
trend, the 1:1 straight line (45°) Innovative trend analysis
method was proposed by Sen (2012). Unlike classical trend
methods such as Mann—Kendall and Spearman’s rho, the
main advantages of the Innovative Trend Analysis method
do not mention monotonous trends and do not contain
restrictive elements such as data length, independent struc-
ture of time series, and normality (Kisi 2015). The Inno-
vative Trend Analysis method has been used frequently in
recent studies and has been compared with classical trend
analysis methods. Sonali and Nagesh Kumar (2013) deter-
mined the trend in temperature time series in India using the
Innovative Trend Analysis method and classical methods.
Alifujiang et al. (2020) comparatively analyzed the trend
of precipitation in the Lake Issyk-Kul basin (respectively)
using Mann—Kendall and Innovative Trend Analysis (ITA)
method.

Some of the studies in the literature are briefly mentioned
above. The literature review shows that most of the studies
are based on the comparative analysis of different trend anal-
ysis methods. Recently, some studies have investigated trend
analysis of index values with ITA by applying the Standard
Precipitation Index (SPI) to precipitation data (Caloiero
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2018; Mehr and Vaheddoost 2020). This study, has novelty
in terms of performing comparative analyzes with differ-
ent trend analysis methods and applying the Z-Score index
in reverse to create subcategories in ITA and grouping raw
precipitation data instead of the index value. In addition,
four bands, + 10% and +20%, were added to determine the
range of the trend slope in the ITA graphics. To the best of
our knowledge, there is no study using the Z-Score index in
the creation of ITA subcategories. For this reason, the men-
tioned index was used in the present study to fill this gap in
the literature. It is aimed to determine the critical precipita-
tion values that can cause drought and wetness by applying
this method in reverse. In this way, it is planned that the
data obtained as a result of grouping raw precipitation data
with ITA will be used directly by water resources planners
and officials. The remainder of this study is organized as
follows. In Sect. 2, the study area and data are presented.
The methodology is described in Sect. 3. The results and
discussion are given in Sect. 4. Finally, the conclusion part
is presented in Sect. 5.

2 Study Area and Data

Located in Northeastern Turkey Coruh Basin covers approx-
imately 2.53% of the country with a 19,748 km? area (Tosu-
noglu 2017). With an average annual precipitation of up to
480 mm, the land elevation of the basin varies between 30
and 2200 m according to sea level (Yerdelen et al. 2010). The
water potential of the basin is approximately 6.50 million
m?® (Siime and Tiiriit 2018). Due to its location, the Coruh
Basin (Fig. 1) is located between the continental climate
of the Eastern Anatolia Region and the climate behind the
Black Sea, so the transition zone has climatic characteristics.
The presence of water resource structures and hydroelectric
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power plants under construction or completed in the Coruh
Basin has further increased the economic importance of the
basin from the point of view of Turkey.

Therefore, examining the changes occurring in the basin,
especially in precipitation, has become even more impor-
tant for water resource planners and managers today. For
this reason, the data of all stations operated by the Turkish
State Meteorological Service (TSMS) in the Coruh Basin,
which is determined as a study area, and which are known
to have sufficient records in statistical analyses, were used
in this study. To plan water resources according to basin-
based needs, the basin water potential should be analyzed
very well. In addition, for these analyses to be accurate and
reliable, hydrometeorological data of the basin must be com-
plete. However, most of the time, incomplete data can be
found in the examined hydrometeorological time series due
to measurement errors and interruption of measurements.
These missing data can be complemented by using convinc-
ing statistical inferences of some techniques so that near-
reality planning of water resources can be made. However,
the percentage of missing in the hydrometeorological series
is directly related to the reliability of statistical inference.
Tosunoglu (2014) accepted this missing as 2.5% to make
reliable inferences. The missing data rates of the stations
used in this study; range between 0.42% and 1.39%, and
there is no missing data at the Artvin station. The linear
regression model (LR), recommended by TSMS (TSMS
2020) and used in many studies (Bardossy and Pegram 2014;
Khosravi et al. 2015; Sattari et al. 2017; Aieb et al. 2019)
along with other methods, was used to estimate incomplete
data in precipitation series. In the selection of the independ-
ent variable to be used in the regression model, the station
with the highest correlation with the station to be estimated
was taken into account.

The location information of the observation stations used
in this study is presented in Table 1. The mentioned sta-
tions are located in the provinces of Artvin, Bayburt, and
Erzurum, which are located within the boundaries of the
basin. Artvin and Bayburt are the central observation sta-
tions, and Ispir, Oltu, and Tortum are the stations on the bor-
ders of Erzurum. The following factors were effective in the
selection of these stations; (I) their representation of three
provinces, (ii) their geographical distribution in the basin

Table 1 Key features of the observation stations

Name Number Latitude Longitude Elevation (m)
Ispir 17666 40.48 41.00 1222
Bayburt 17089 40.25 40.23 1584

Oltu 17668 40.55 41.98 1322

Tortum 17688 40.30 41.55 1572

Artvin 17045 41.18 41.82 628

(east—west, north—south), and (iii) they have long-term and
relatively few or no missing data. Although new observation
stations in the basin have been put into operation recently,
these stations were not used in the study because they did
not have sufficient data length.

3 Methodology

In this study, a comparative analysis of the trend in the sea-
sonal and annual total precipitation time series of the Coruh
Basin in Turkey is presented with classic methods (MK and
SR) and an innovative approach (ITA). Before applying
trend analysis methods to precipitation data, change points
should be considered for homogeneity. If there is a sudden
change point, it may not trend before and after the change
point (Sagarika et al. 2014). In this study, the homogene-
ity of stations was examined by applying Von Neumann
(1941), Pettitt (1979), Buishand (1982), and Standard Nor-
mal Homogeneity (Alexandersson 1986) methods before
trend analysis was performed. In addition, before MK was
applied, it was investigated whether the data were intrinsi-
cally dependent, and the time series in which autocorrelation
was detected removed autocorrelation using the trend-free
pre-whitening (TFPW) method. Afterward, trend analyses
were conducted as seasonal and annual by using MK, SR,
and ITA methods. This study is one of the first examples of
a new approach in which subcategories are created using
the Z-Skore Index (ZSI) in the ITA method. Accordingly,
precipitation that may cause drought is categorized as “low”,
normal condition “medium” and precipitation that may
cause wetness as “high”. In addition, information about the
trend slope is provided thanks to the (£) 10% and (+) 20%
trend bands created in the ITA method. The methodological
main flow chart followed is presented in Fig. 2.

3.1 Homogeneity Tests

In climate change studies, the use of homogeneous series is
very important (Zaifoglu et al. 2017). Changes in homogene-
ous series are due to changes in climate and weather (Conrad
and Pollak 1950). Changing the location of measuring sta-
tions, exposure to environmental factors, and tool and adjust-
ment errors affect homogeneity in climate data (Peterson
et al. 1998). In this study, homogeneity was investigated by
Pettitt, Buishand, Von Neumann Ratio, and Standard Normal
Homogeneity tests. The critical values of the homogeneity
tests used in this study, depending on the sample size at a
99% confidence level, are presented in Table 2. In all tests,
homogeneity is controlled by the null hypothesis (Hy), if H,
is accepted, the series is homogeneous. Test results Wijn-
gaard et al. (2003) classified as below.
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Fig.2 Methodological main
flow chart of the study
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Table 2 Critical values of homogeneity tests based on data number
(Wijngaard et al. (2003)

Number of  Pettitt Buishand Von neumann SNHT
data

30 133 1.70 1.20 10.45
40 208 1.74 1.29 11.01

(1) Class A/Useful: No more than one of four tests rejects
the H,, hypothesis status. Under this class, series are
grouped homogeneously and can be used for further
analysis.

(2) Class B/Doubtful: It is the case that two out of four tests
reject the Hy hypothesis. In this class, the series has an
inhomogeneous signal and must be critically examined
before further analysis can be performed.

(3) Class C/Suspect: When three or all tests reject the Hy,
the series falls into this category. Time series in this
category be deleted or ignored without further analysis.

If the values obtained from the related tests exceed the
critical values given in Table 2 (for Pettitt, Buishand, and
SNHT)/do not exceed (for Von-Neumann), it means that the
precipitation series are not homogeneous. An inhomogene-
ous station may show sudden jumps compared to the average
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Classification of precipitation
according to ZSI for ITA

of the data in the neighboring station. Wijngard noted in his
study that only very large trends from precipitation belong-
ing to the "Suspect" group can be associated with a climate
signal (Wijngard et al. 2003). Therefore, trend results of
inhomogeneous precipitation data may not be realistic,
and inhomogeneous precipitation series should either be
excluded from the study or homogenized. In this context,
Double-Mass Curves Analysis (DM) is one of the common
methods used to detect the long-term systematic shift of
precipitation data. The DM approach is used to check the
consistency of many types of hydrological data by compar-
ing the precipitation records for a single station with that
of a model consisting of data from several other stations in
the region (Searcy et al. 1960). All the details of the method
can be found in the study proposed by Searcy et al. (1960).

3.1.1 Pettitt Test

The Pettitt test developed by Pettitt (1979) is a nonpara-
metric test that does not require any assumptions about the
distribution of data. This nonparametric test is used to deter-
mine the homogeneity of climate records. The H,, of this
test is that data are independent and randomly distributed.
This means that data follow the same distribution. A brief
description of the methodology is as follows:

Y,. Y, Y;, ....Y, values are sequenced as r}, 1,, I3, ...,I;,
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k
Xk=22i=l ri—k(n+Dk=12,..n (1)
Xp = max |Xg| @

where r; is the rank of the data, n is the number of observa-
tions, X, is the test statistics, X is the critical value.

3.1.2 Buishand Test

This test is based on the adjusted partial sums or cumulative
deviations from the mean (Buishand 1982). The adjusted
partial sum is calculated as:

s % k 74
S; =0andS; = Zi=1 (Y, -V k=12, ...n 3)

R = (max S; — min S})/S 4)

where Y is the mean of time series,Y; is the observation val-
ues, n is the number of observations, and S is the standard
deviation.

The H,, is accepted when the value of R\/n is less than
the critical values given by Buishand (1982).

3.1.3 Von Neumann Ratio Test

The Von Neumann ratio N is defined as the ratio of the mean
square successive (year to year) difference to the variance
(Von Neumann, 1941):

(Y= Yy
2:‘[:1 (¥, =Yy

N= &)

where Y is the mean of time series, Y, is the observation
values, and n is the number of observations.

3.1.4 Standard Normal Homogeneity Test (SNHT)

The standard normal homogeneity test (SNHT) developed
by Alexandersson (1986) has been used in many hydrologi-
cal studies. The T(k) is computed as:

Ty, =kZ:+(n-KZ: k=12, ..n (6)
1wk -7 1 o -1
Zi=7 Zi:l s and Z, = n—k Zi:k+l s
7

where n is the number of observations,l_/ and s are the mean
and standard deviation of the series, Y, is the observation
values. The year k consisted of a break if the value of T is
maximum. The test statistic (T,)

TO = max Tk (8)

1<k<n

3.2 Serial Correlation Analysis

The series correlation structure in a dependent time series
will affect the capability of MK. More clearly, the presence
of a positive series correlation in time series increases the
chance of giving a significant trend, even in the absence
of a trend in the series (Hamed and Rao 1998; Yilmaz and
Tosunoglu 2019). Therefore, the serial correlation struc-
ture of the series should be checked before the MK test is
applied. If there is a significant series correlation in a data
series, the calculation of the test statistics should be modi-
fied or a preliminary method should be used to eliminate the
effect of this correlation. In this study, the trend-free pre-
whitening method (TFPW) proposed by Yue et al. (2002)
was used. The steps to implement this method are as follows
(Akgay 2018);

Step I: The first autocorrelation coefficient (ri) is calcu-
lated as:

ro= zfz_lk [(xi - E)(xH_k _E)]
o Yy (= X)?

where x; is the serial values, x is the mean of the series, n is
the number of observations, k is the number of shifts, and
1 is taken.

Step 2 |, | >1.96 / V/N there is an internal dependency

in the series, and its effect should be eliminated (o« =0.05
significance level).
Step 3: x = by + bt The relationship between line equa-
tion, observation values (x) and time values (up to.
t=1,2,..,nth years) is established by regression, and the
slope of the line (b,) is calculated.

€))

Y, =X, - bt (10)

Step 4 In Eq. 10, the trend is removed from the series, the
properties of the original series do not change. The trend is
considered to be linear.

Y;:Yt_rlyt—l (1)

Step 5 The intrinsic dependence in the remaining series
in Eq. 11 is removed.

Y =Y + bt (12)

Step 6 In Eq. 12, the trend is added to the series again,
and the internal dependency is eliminated. One year miss-
ing (first year) data set is obtained. Finally, the MK test is
applied to the new Yt" time series.
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3.3 Trend Analysis
3.3.1 Mann-Kendall (MK) Test

The nonparametric Mann—Kendall (MK) test, which was
developed by Mann (1945) and Kendall (1975), is most
commonly used in trend analysis studies. This test is less
sensitive to gaps in the data series. According to the H
hypothesis, series data are similar and independent scat-
tered variables. According to the H, hypothesis, the dis-
tribution of the sequential data ordered by time is not
similar, and there is a trend in the time series. The MK
test statistic (S) can be computed as:

n—1 n
§= 21’:1 2j=i+1 sgn(y; — i) (13)
+Lify; >y
Sgn=0;—y) =3 0:ify, =y (14)
=Lify, <y,

where S is MK statistic, and sgn is the signum function. The
application of the trend test is made to a time series yi that is
ranked fromi=1,2,......... n-1 and yj, which is ranked from
j=i+1 2, n. If the data length in the time series is
n> 10, it is assumed that the data are distributed normally,
and the variance is calculated as in Eq. (15).

n(n— D)Q2n+5) - ¥ 1,6 — D2t +5)

18

Var(S) = (15)

where n is the number of data, k is the number of connected
groups of the series, and ti shows the number of elements in
observation subsets whose numerical value is equal. Then,
the standardized MK test statistic (Z) can be defined as:

( A
521 #s>0
Var(S)
z=49 0 if§=0 ¢ (16)
S+1 ifS<0
Var(S)

The H, hypothesis is rejected if the absolute value of
the calculated z value calculated as the result of Eq. (16)
is greater than the z value determined at the o sense level,
namely, there is a significant trend in the time series. If it
is low, the H, hypothesis is accepted, meaning that there
is no significant trend in time series.
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3.3.2 Spearman’s Rho (SR) Test

The Spearman’s rho (SR) test is also a nonparametric test,

like the MK test, and is used to determine the monotonic

trend in the time series. According to the H, hypothesis,

the data in the series are uniform, meaning that there is no

trend in the series. The SR correlation coefficient (r,) and its

test statistic (Z) for trend evaluation are defined as follows:
Z?:] (in - i)z

rs:l_én(nz——l) (17)

z=r,Vn—-1 (18)

where R(xi) is the i. sequence number of value, i is the order
of observation of data, and n is the data length. For n> 30,
normal distribution tables are used since the r, distribution
approaches normal. If the Z value at the a significance level
is greater than the Z, value determined from the standard
normal distribution tables, the H,, hypothesis is rejected, and
it is concluded that there is a certain trend.

3.3.3 Innovative Trend Analysis (ITA)

There are some limitations in the methods used to determine
the trends of hydrometeorological variables, such that the
data are serially independent, normally distributed, and the
data are of a certain length. For the Innovative Trend Analy-
sis (ITA) method developed by Sen (2012), there is no limi-
tation in data length, and it can be applied to any time series.
Step by step implementation of this method is as follows:

Step 1 The time series is first divided into two equal
parts, and the separated series are ordered from the small-
est to the largest.

Step 2 The first half of the time series is placed on the
x-axis and the second half on the y-axis.

Step 3. These series placed in the coordinate system
are mutually marked. As in Fig. 3, it is concluded that if
points remain above the 1:1 (45°) line, there is an increas-
ing trend in the time series, if they are below the line, there
is a decreasing trend if they remain on the line, there is
no trend.

The Z-Score does not need any transformation of index
data such as gamma distributions or Type III Pearson dis-
tribution (Jain et al. 2015; Mahmoudi et al. 2019). Because
of its simple calculation and efficiency, the Z-Score Index
(ZSI) has been used in many drought studies (Komuscu
1999; Morid et al. 2006; Akhtari et al. 2009; Aksan and
Bacanli 2021). Dry periods, as well as wet periods, can be
monitored with the help of an index calculated based on
only precipitation values. In this study, while researching
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Fig.3 Graph showing the ITA method

trends with the ITA method, classification was made with
the ZSI. In this context, three main categories were cre-
ated while classifying with ZSI (Table 3). ZSI was applied
in reverse and precipitation that could cause drought was
classified as “low”, normal “medium” and precipitation
that could cause wetness “high”.

7SI = X%X (19)

where X is observed precipitation, X is mean precipitation,
and S is the standard deviation.

This integration of ITA and ZSI offers some advantages
in trend interpretation. In this way, it allows preliminary
interpretations against two extreme events, such as flood
and drought, in which precipitation plays a leading role.
For example, while the precipitation in the low group
increases, the decrease in the precipitation in the medium
and high group may increase the drought pressure in the
region. This situation will make itself felt in many areas,
from product productivity in agricultural activities to
industry, environment, and irrigation. On the other hand,
the presence of an increasing trend in precipitation in the
high group, especially during a period when rapid snow-
melt increases, such as the spring season, may lead to a
flood event in the region.

Table 3 Classifications of precipitation conditions using ZSI (Jain
et al. 2015)

7SI index values Classification

ZSI< -1
—-0.99<ZSI< +0.99

“Low” precipitation that can cause drought
“Medium” precipitation that can cause
normal

+1<7ZSI “High” precipitation that can cause wet

4 Results and Discussion

4.1 Homogeneity Test Results and Serial
Correlation Analysis

Absolute homogeneity tests were performed at the sta-
tions to determine whether there were any non-climatic
changes over time. The critical values obtained from these
test results and the results obtained by the classification
specified under the heading methodology are presented in
Table 4. When the related table is examined, it has been
determined that the total precipitation in Artvin/summer
season and Oltu/spring season is doubtful. Within the
scope of the study, these values were examined in detail,
and it was concluded that they did not exceed the critical
values in high amounts and continued to be used in the
study.

Intrinsic dependence, or serial correlation, is an
important problem to consider in the analysis of hydro-
logical time series. Internal dependence can be called the
state in which successive values in the time series affect
each other. Since this situation affects the ability of the
Mann—Kendall test, autocorrelation coefficients were cal-
culated for the seasonal and annual total precipitation data
of the stations, as shown in Table 5. The results of this
study indicated 1 series out of 25 series that found to be
serially correlated. The trend-free pre whitening (TFPW)
method was used in this study to eliminate the intrinsic
dependency in the Artvin/autumn precipitation series.
After applying the TFPW method to the autocorrelated
Artvin/autumn precipitation, the autocorrelation coeffi-
cient r,. was recalculated using Eq. 9. It was determined
that the r, value (0.018) of the Artvin/Autumn precipita-
tion obtained after TFPW was less than the critical value
(0.310) corresponding to the 95% confidence level, that
18, autocorrelation was eliminated. Then, the MK test was
applied to the new precipitation series, which was free
from serial correlation.

4.2 Comparison of ITA, MK, and SR Test Results

ITA, MK, and SR trend analysis methods are applied to
each precipitation series as described in the “Sect. 3.3
Trend Analysis”. As is known, MK and SR are based on
a monotonous holistic trend without any grouping. On
the other hand, ITA is based on categorical trend behav-
ior by clustering time series. In this study, the time series
in the ITA scatter diagram is divided into three groups
(Table 3). The boundaries of this grouping are determined
by ZSI. These groups are formed by the reverse applica-
tion of the ZSI formula (Eq. 19), precipitation that may

@ Springer
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Table 4 Homogeneity

. . Station name Seasons SNHT Von-Neuman Buishand Pettitt Classification
classification* of seasonal and

annual total precipitation Artvin Spring 4.491 1.993 0.845 133 Class A
Summer 10.353 1.490 1.758 240 Class B

Autumn 7917 2.704 1.369 141 Class A

Winter 3.453 1.776 1.481 127 Class A

Annual 8.238 2.166 1.404 220 Class A

Bayburt Spring 7.458 1.959 1.350 198 Class A

Summer 2.494 2.039 1.148 151 Class A

Autumn 4.886 2.391 1.022 185 Class A

Winter 4.551 1.793 1.199 146 Class A

Annual 8.634 1.663 1.453 227 Class A

Ispir Spring 11.234 1.732 1.302 153 Class A

Summer 6.414 1.974 1.117 115 Class A

Autumn 5.153 2.342 1.176 159 Class A

Winter 3.100 1.728 1.164 103 Class A

Annual 7.405 1.981 1.034 141 Class A

Oltu Spring 14.032 1.360 1.682 195 Class B

Summer 4.160 2.494 1.067 94 Class A

Autumn 2.756 2.133 1.021 81 Class A

Winter 6.273 1.317 1.249 80 Class A

Annual 7.615 1.913 1.373 128 Class A

Tortum Spring 5.844 1.955 1.454 160 Class A

Summer 5.676 2.178 1.245 135 Class A

Autumn 3.019 2.360 0.750 71 Class A

Winter 4.529 1.848 1.026 117 Class A

Annual 3.877 2.288 1.247 118 Class A

Bold values indicate that it has exceeded the critical value

*Homogeneity analyses were conducted separately based on seasonal and annual total precipitation values,
and the confidence level was 99%

between the 1:1 line and the 20% (+) band. Similarly,

Table 5 Autocorrelation coefficients for seasonal and annual total

precipitation an increasing trend is observed in all groups at Bayburt
Station Spring Summer  Autumn  Winter  Annual except for the peak value station (Fig. 4b). Ispir (Fig. 4¢)

" station, there is a partially increasing trend in the medium
Artvin . —0.032 0221 —0.361  0.111 —0.106 group data (385-567 mm), low group data (<385 mm),
Baytiurt —0001 -0.048 ~ —0.198 0097 0.164 and high group data (> 567 mm) show an increasing trend
fspir 0.0%  -0012  -0177  0.125 0005 i the 1:1 line and 10% (+) band. Oltu (Fig. 4d) although
Oltu . 0247 =025 008 0250 0.033 an increasing trend was observed in all groups at the sta-
Tortum —0.033 —-0.103 -0.209  0.066 -0.178

tion, it was determined that as the values of high group

*The critical value is +0.310

*#*The critical value is +0.327

cause drought is named as “low”, normal “medium” and
precipitation that may cause wet as “high”. Figure 4 shows
how the grouping of stations subject to scattering diagrams
is applied to the total annual precipitation. It is clear that
there is an increasing trend for all groups in most of the
precipitation stations in Fig. 4 When the ITA graph of
the total annual precipitation of Artvin station (Fig. 4a) is
examined, it is seen that the series is generally distributed
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data increased, the trend increase slope also increased.
An increasing trend is also observed in all groups at the
Tortum station (Fig. 4e). MK and SR trend analysis results
of the same stations are summarized in Table 6. Contrary
to expectations, an increasing trend was observed at only
2 (Artvin and Bayburt) out of 5 stations in MK testing
and SR tests.

The trend analysis results of total seasonal precipitation
according to MK, SR, and ITA are presented in Table 7 com-
paratively in order not to take up much space in the article.
As can be seen from the corresponding table, MK and SR
produced completely parallel results. According to these
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Table6 MK and SR trend

X Station MK (S) MK Z SR (rs) SRZ Z iic 0=5% H, Hypothesis Trend
analysis results
Artvin 218 2.528 0.392 2.449 +1.96 Rejected Yes (+)
Bayburt 268 3.111 0.505 3.153 +1.96 Rejected Yes (+)
Ispir 116 1.340 0.247 1.542 +1.96 Accept No
Oltu 127 1.716 0.297 1.755 +1.96 Accept No
Tortum 108 1.247 0.188 1.172 +1.96 Accept No

results, while there was a statistically increasing trend in 4
of the total seasonal precipitation series (5*4 =20 stations /
season in total) according to both MK and SR methods, no
significant trend was observed in the remaining 16 series. In
light of the definitions found in Table 7, the corresponding
table is self-explanatory. In the last column in the table, short
expressions on the ITA method are included. Some impor-
tant comparative results of trend analysis methods are as
follows; an increasing trend can be mentioned for all meth-
ods in the total precipitation of the Artvin/summer season.
Here the z;;. values for MK and SR are 2.924 and 2.923,
respectively. MK and SR z_;;;. values are 1.911 and 1.216,
respectively, in total precipitation of Artvin/autumn season.
While an increasing trend was observed in ITA in general,
if the MK was at 90% confidence level (z,;;, = 1.645), it
would be determined that there was an increasing trend in
MK. An increasing trend can be mentioned for all methods
(except the low group for ITA) in the total precipitation of
the Bayburt/spring season. Here the z ;. values for MK
and SR are 2.505 and 2.470, respectively. As the size of the
values in the medium and high group increases in the total
precipitation of the Ispir/winter season, the decreasing ten-
dency also increases. All methods show an increasing trend
in total precipitation in the Oltu/spring season. Here MK
and SR z_;,;. value are 3.283 and 3.195, respectively. For the
total spring and summer seasonal precipitation of the Tor-
tum station, ITA detected increasing trends in the medium
and high classification, although there was no significant
trend according to the MK and SR test.

According to the MK and SR test results applied to the
seasonal and annual total precipitation records of 5 precipi-
tation stations in the Coruh Basin, whose data length is equal
to or longer than 36 years, the decreasing trend in seasonal
and annual total precipitation was not observed. However,
the data of annual total precipitation only 2 (Artvin and Bay-
burt) showed a significant increasing trend at the a=0.05
significance level. Again, an increasing trend was observed
at only 4 stations /season a=0.05 significance level. In the
ITA method, in many cases where MK and SR do not deter-
mine a significant trend, it has determined a neutral, increas-
ing, or decreasing trend in the grouping field with “low”,
“medium”, and “high” in both seasonal and annual total
precipitation. Although MK and SR are quantitative meth-
ods that give numerical results, there are some limitations
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mentioned in the introduction of the article. However, ITA
is not subject to such restrictions as a graphical method.
Moreover, it allows the creation of any number of categories
with ITA. This situation facilitates studies that can be done
on extreme events such as drought and flood, which are indi-
rect consequences of climate change. Trend analysis studies
in the literature are statistically interpreted as quantitative
results, while ITA has verbal definitions and inferences. In
this study, grouping in the ITA method was performed by
applying ZSI in reverse and taking into account precipitation
values instead of index values.

5 Conclusions

In studies focusing on climate change, it is very important
to interpret the possible change in the hydrometeorological
parameters that affect the climate, which is precipitation in
this study, in a certain time series. In this study, MK and
SR, which are the classical trend analysis methods, and ITA
were applied to the precipitation records of 5 precipitation
stations in the Coruh Basin, and the results were analyzed
comparatively. The results may be summarized as follows:

(1) The absolute homogeneity tests applied to both sea-
sonal and annual total precipitation of the precipitation
stations were investigated and classified. As a result of
these tests, most of the stations (92%) were found to be
homogeneous at the Class A level.

(2) Before applying the MK, the internal dependence in the
precipitation data was examined by serial correlation
analysis and the data with internal dependency were
purified by the TFPW method. This step is often over-
looked in most trend analysis studies.

(3) MK and SR test results reveal an increasing trend in
total annual precipitation at two stations. Increasing
trends were determined in four of the total seasonal
precipitation.

(4) As precipitation series in the ITA method is divided
into three clusters (low, medium, and high), trending
behaviors have been studied in more detail. This new
approach has led ITA to produce detailed results when
MK and SR methods do not set trends.
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Table 7 Evaluation and comparison of the performances of all stations used in this study with MK, SR, and ITA

Season Mk SR ITA Brief explanation
Low  Medium High
Artvin  Spring - - <131 131-209 >209 The lowest value in the low group shows a decreasing trend of about 10% (-), while
v - A most of the values in the high group show an increasing trend of about 10% (+)
Summer A A <77 77-144 >144 While the values in the low and medium groups exceed the 20% (+) band, most of the
A A A values in the high group are between 10% (+) and 20% (+)
Autumn - - <108 108-244 >244 All of the values in the high group have an increasing trend exceeding the 20% (+)
A A A band
Winter - - <166 166-359 >359 Values in the medium group are between 10% (+) and 10% (-). The extreme value in
- - A the high group is in the 10% (-) band. Other values 1n the high group are between
the 1:1 line and 10% (+)
Bayburt Spring A A <125 125-222 >222 While most of the values in the low group are in a decreasing trend, most of the values
v A A in the medium group are between 10% (+) and 20% (+). The values in the high
group are in the 20% (+) band
Summer - - <46 46-120 >120 While most of the values in the medium group are around the 10% (+) band, the
v A v values in the high group tend to decrease up to the 20% (-) band. No trend was
determined for the extreme value in the high group
Autumn A A <65 65-142  >142 The values in the medium groups are generally distributed in the 10% (+) band
A A -
Winter - - 52 52-117  >117 While there is no value in the low group, most of the values in the medium group are
- A - around the 10% (+) band. Extreme values in the high group are around the 20% (+)
band. Other values in the high group are in the decreasing trend area
Ispir Spring - - <124 124-207 >207 No significant trend was found in most of the values in the medium group. Most of the
v - A values in the high group are in the 10% (+) band
Summer - - <54 54-118 >118 Most of the values in the medium and high groups are around the 10% (+) band
- A A
Autumn - - <61 61-165 >165 While the values in the low group are in the 10% (4) band, most of the values in the
A A A medium and high groups are between the 1:1 line and 10% (+)
Winter - - <66 66-157 >157 Most of the values in the medium group are around the 10% (-) band, while the values
A v v in the high group are in the 20% (-) band
Oltu Spring A A <106 106-172 >172 Although there is no value in the low group, the trend slope increases as the size of
A A A the values in the medium and high groups increases
Summer — - <73 73-157 >157 The values in the low group tend to decrease up to the 10% (-) band, while the values
v A A in the medium group increase up to the 10% (+) band. However, the values in the
high group have an increase that exceeds the 20% (+) band
Autumn - - <45 45-114 >114 While the extreme values in the high group show an increasing trend, other values of
A - - the related group tend to decrease up to the 10% (-) band
Winter - - <33 33-85 >85  The values in the low group are around the 10% (+) band. The values in the medium
A - v group, on the other hand, are in both the increasing and decreasing trend areas. All
values in the high group have a decreasing trend exceeding the 20% (-) band
Tortum Spring - - <121 121-210 >210 Medium group, all of the values are distributed between the 10% (+) and 20% (+)
v A A band and have an increasing trend
Summer - - <75 75-167 >167 Low group values generally show an increasing trend up to the 10% (+) band, while
A A A most of the values in the medium group are distributed between the 1:1 line and
10% (+) band. The extreme value in the high group has an increasing trend that
exceeds the 20% (+) band
Autumn - - <66 66-143 >143 Low group values generally show an increasing trend up to the 10% (+) band. The
A - - values in the medium group are distributed in both the decreasing and increasing
trend area
Winter - - <55 55-116 >116 The extreme value in the high group tends to decrease at a slope exceeding the 20%
A v v (-) band

A Increasing trend W Decreasing trend (—): No trend

(5) The present in this study, in which three different meth- SR methods. One of its main advantages is that it does
ods are discussed comparatively, revealed that the ITA not have any assumptions (e.g. serial correlation, non-
method has some advantages relative to the MK and normality, data length, etc.) as in MK and SR methods.
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Another important advantage is that low, medium, and
high data trends can be easily determined with ITA.
Determining a categorical tendency instead of a mono-
tonic tendency will enable the implementation of pro-
jects that better respond to the needs.

(6) Thanks to this study, The fact that the ITA is grouped
for a specific cause (ZSI), and the study of changes
in this grouping can provide valuable information to
authorities in the investigation of extreme events such
as drought and floods, management of water resources,
operation, and planning. Especially in basins with
internationally important rivers crossing the border of
countries such as Coruh (Turkey-Georgia), it is very
important to examine the change in precipitation with
this type of new approach.
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