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Abstract: Drought research is needed to understand the complex nature of drought phenomena
and to develop effective management and mitigation strategies accordingly. This study presents
a comprehensive regional frequency analysis (RFA) of 12-month meteorological droughts in the
Kizilirmak Basin of Turkey using the L-moments approach. For this purpose, monthly precipitation
data from 1960 to 2020 obtained from 22 meteorological stations in the basin are used. In the drought
analysis, the Standard Precipitation Index (SPI), Z-Score Index (ZSI), China-Z Index (CZI) and
Modified China-Z Index (MCZI), which are widely used precipitation-based indices in the literature,
are employed. Here, the main objectives of this study are (i) to determine homogeneous regions
based on drought, (ii) to identify the best-fit regional frequency distributions, (iii) to estimate the
maximum drought intensities for return periods ranging from 5 to 1000 years, and (iv) to obtain
drought maps for the selected return periods. The homogeneity test results show that the basin
consists of a single homogeneous region according to the drought indices considered here. The best-fit
regional frequency distributions for the selected drought indices are identified using L-moment ratio
diagrams and ZDIST goodness-of-fit tests. According to the results, the best-fit regional distributions
are the Pearson-Type 3 (PE3) for the SPI and ZSI, generalized extreme value (GEV) for the CZI, and
generalized logistic distribution (GLO) for the MCZI. The drought maps obtained here can be utilized
as a useful tool for estimating the probability of drought at any location across the basin, even without
enough data for hydrological research.

Keywords: regional frequency analysis; L-moments; probability distribution function; drought

indices; Kizilirmak Basin

1. Introduction

Drought is a natural disaster that occurs due to “water shortage” or “water scarcity”,
a common point in all the definitions, such as the occurrence of precipitation significantly
below normal levels in a region over a certain period or water being below the required
level. It can be seen in different regions of the world, depending on the environmental and
meteorological conditions. Its consequences can significantly affect agricultural sectors, the
ecological environment, social life, human activities, and, therefore, economic well-being,
such as the ones that occurred in the 1980s in sub-Saharan and eastern Africa that caused
mass migration, starvation, famine, and the death of millions of people [1-10]. Bryant [11]
classified natural disaster events in 1991 according to various characteristics, such as the
severity, duration, frequency, area extent, loss of life, long-term impact, economic size, and
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social vulnerability. The study emphasized that drought is the most severe meteorological
catastrophe due to its long-lasting, repetitive, unpredictable, and extended impact [12].
Furthermore, studies have shown that drought events are expected to increase markedly in
the 21st century. Correspondingly, early warning systems for drought monitoring, water
resources development, and basin management are urgently needed to prevent disasters or
minimize their possible effects [13-17].

The magnitude of the effect of drought events, which is characterized by the frequency,
severity and duration, can be evaluated according to the amount of the decrease in water
resources, the size of the affected area and the temperature of the dry period [18]. The
existence of more than one parameter that may cause drought to emerge has expanded
the scope and definition of drought [19]. In the literature, drought disaster is handled in
four different ways, as meteorological, agricultural, hydrological, and socioeconomic [20].
Among them, meteorological drought is an extreme climatic event caused by decreased
precipitation. Long periods of low precipitation are required for meteorological drought
effects, and meteorological drought leads to the other three types of droughts. Although
meteorological drought is the first type to occur, its catastrophic effects are lower than those
of the different kinds of drought [17,21,22].

Drought is a climatic event that can be seen worldwide, but its characteristics may
differ from region to region or from basin to basin, and its effects can be felt more, espe-
cially in arid and semi-arid climatic areas [23]. Multiple climatic variables, for example,
heat waves, cold spells, storms, evaporation, and low relative humidity, that can cause
drought events also expand the impacts of drought and increase its severity [24]. Due
to the complexity and severity of drought, it is tough to identify and evaluate drought
characteristics [21,25]. Drought indices are used, which provide a quantitative method to
determine the beginning and end of drought events, monitor their change over time, and
evaluate the level of drought severity. The drought index was calculated using various
input parameters, depending on different climatic variables, such as the precipitation, tem-
perature, stream flow, water level of reservoirs and lakes, groundwater levels, soil moisture,
and crop yield [3,21,26-40]. All the drought indices have weaknesses and strengths, so
it is often difficult for researchers to decide which provides better results. The literature
contains many studies on the advantages and limits of different drought indices [12,41].
The present study focuses on meteorological droughts caused by a lack of precipitation in
a region for a certain period. In this study, precipitation-based indices are used that can
be used on multiple time scales and represent changes in drought characteristics. These
indices are the Standardized Precipitation Index (SPI), Z-Score Index (ZSI), China-Z Index
(CZI), and Modified China-Z Index (MCZI), which are broadly accepted in the literature as
well [26,42-56].

The lack of hydrological data used in drought analysis or insufficient records makes
it difficult to implement timely preparation, control, planning, and mitigation measures
for this natural phenomenon [57,58]. There are numerous statistical analysis techniques
available to deal with these issues. The L-moments method, proposed by Hosking [59], is a
popular technique for solving problems associated with parameter estimation, regionaliza-
tion and distribution definition [59,60]. This method is a linear combination of probability-
weighted moments and provides more powerful parameter estimates than conventional
moments, as they are more robust against outliers in the dataset [12,59,61-63]. One key
advantages of this approach is the aggregation of summary statistical values from differ-
ent stations within a homogeneous region, which increases the reliability of magnitude—
frequency estimates, even in areas with insufficient hydrological data [59,61,64-66]. In
addition, regional frequency analysis (RFA) can overcome the limitations of statistical
estimation, such as the absence of long records or the presence of limited records, and can
yield more accurate quantitative forecasting results compared to in situ analysis [67].

The literature provides information on investigating hydrological events such as
drought by applying RFA methods. Lee and Maeng [68] examined the design of drought
precipitation with an L-moment approach for consecutive periods using minimum monthly
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precipitation data in Korea. The comparative analysis revealed that generalized extreme
values and generalized Pareto distributions provide the best results in terms of optimum
rainfall drought design. Nufiez et al. [69] applied RFA based on L-moments to predict and
map the meteorological drought frequency in north—central Chile. The study highlighted
the significance of a sub-regional homogeneity test and the benefit of adapting the three-
parameter Gaucho distribution for arid regions. Zhang et al. [70] analyzed the regional
drought frequency in China, and the study area was divided into five homogeneous regions
in terms of the SPEI Topcu and Seckin [71] aimed to apply RFA with L-moments to the
precipitation values of the driest months determined by the SPI (12-month) method in the
Seyhan Basin, Turkey. They found that, the most appropriate distribution for this series
is the generalized normal distribution. Kaluba et al. [70] determined that meteorological
droughts in Zambia fit a generalized extreme value distribution in all the homogeneous
sub-basins using the L-moments method. Ghadami et al. [72] used the extreme drought
severity—duration probability index (SD) and determined that a two-parameter log-normal
distribution was appropriate for four homogeneous subregions of Iran. Parvizi et al. [24]
used the meteorological, agricultural and hydrological droughts of the Karkheh Basin in
Iran and divided the basin into four homogeneous subregions and determined that the
most appropriate distribution function for each region was the Pearson Type-III. Alam
et al. [73] investigated the drought situation in six major drought zones of India using a log-
linear modeling approach with the SPEI on a 12-month time scale. In the study, the drought
class transition probabilities, average residence time, and average transition times between
drought classes and drought severity classes were estimated 1, 2, or 3 months in advance.

Based on the literature scanned in the Web of Sciences database, it was seen that
138 research articles containing the keywords “L-moments and drought” were published. The
VOSviewer algorithm for the relationships between the keywords is shown in Appendix A.
This issue is significant for RFA, climate change and regionalization. When the countries
in which these studies were conducted were examined, it was seen that 27 studies were
conducted for Iran, 24 studies were conducted for China, 19 studies for the USA, 11 studies
for Canada, 9 studies were conducted for Turkey, and a few studies were conducted for
other countries. In addition, it is seen that the studies on drought analysis using the
L-moments method are quite limited. Therefore, the subject discussed is original and will
bring innovation to the literature.

In Turkey, where the long-term mean annual precipitation is approximately 645 mm,
drought events were frequently experienced throughout the country, depending on the at-
mospheric conditions, climatic conditions, and physical geography factors. Some areas of
Centre Anatolia around Tuz Lake experience arid conditions, with an annual precipitation of
300 mm, in contrast to the semi-arid climate features that characterize the country’s central
and southeast regions [19,74]. The Kizilirmak Basin, situated in the semi-arid climate region
of Turkey, was chosen as the study area and drought analysis was carried out using different
methods to examine the development and characteristics of meteorological droughts over time.

This study aimed (1) to investigate the characteristics of meteorological droughts occur-
ring in the Kizilirmak Basin using different drought indices, (2) to evaluate the performance
of the drought indices, and (3) to investigate meteorological drought in terms of the drought
severity based on RFA. In addition, the procedure in this study also aimed to determine
the drought for some specific drought events in areas with data scarcity. Meteorological
droughts were investigated using the SPI, ZSI, CZI, and MCZI drought indices and RFA.
The drought indices were calculated at a 12-month time scale by using long-term monthly
average precipitation data obtained from 22 meteorological stations. RFA was applied using
the L-moments method, using the maximum drought severity values obtained for each year
for four different indices at a 12-month time scale. The remainder of the article is structured as
follows. The study area, the SPI, ZSI, CZI, and MCZI drought indices and the L-moments
method are briefly introduced in Section 2. The application is presented in Section 3. The
evaluation and presentation of the model results are detailed in Section 4. Finally, the article is
summarized in Section 5 by reiterating the conclusions.
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2. Materials and Methods
2.1. The Study Area

The study area is geographically located at 37°56'—41°44 N latitudes and 32°48'-38°24' E
longitudes, with a land surface area of 82,082 km?, which equates to about 10% of the
surface area of Turkey (Figure 1). One of the nation’s primary water resources is the
1151 km long Kizilirmak River, which has an annual average flow rate of 184 m3/s at
its Black Sea discharge. The Kizilirmak Basin showcases a diverse topography, featuring
expansive plateaus, verdant meadows, and towering highlands. The basin’s altitude
fluctuates between sea level and 3880 m above it, gradually decreasing from its upstream
regions. The Kizilirmak Basin is an extensive area where we can see different topographical,
geographical, and climatic features along the basin. The Upper Kizilirmak Region has a
high and mountainous plateau feature and is the basin’s hilliest region. This region of the
basin, which consists of high peaks, is bordered by mountainous areas from the north and
south. Meadows and plateaus are mostly encountered in the Middle Kizilirmak Region of
the basin. In this basin region, volcanic-origin mountains draw attention, and there are vast
plains hills. The northern Anatolian and Kure Mountain ranges, located to the west of the
Lower Kizilirmak Region, constitute the basin’s border with the Western Black Sea Basin.
These mountain ranges act as a barrier against humid air masses from coastal regions,
and because of this, they significantly affect the basin’s climate. A typical dry climate is
dominant in a large part of the basin, and the Black Sea climate characteristics and effects
are observed in the northern part of the basin. According to the results of previous analyses
of the basin, agricultural lands, fertile forest lands, and degraded forest lands constitute the
most significant land uses in the basin. Approximately 73% of the basin, 5,960,665 ha of
the general area, consists of agricultural lands, and 7% comprises pasture areas used for
livestock. The basin’s most widely produced agricultural products are cereals and legumes,
such as sugar beet, potatoes, melons, and watermelons [75].
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Figure 1. Location of the Kizilirmak Basin and spatial distribution of the meteorological stations.

The mean temperature is around 10.5 °C, and the average annual precipitation is about
450 mm. The mean annual precipitation in the basin also varies yearly; while the minimum
was 315 mm in 2013, the maximum was 606 mm in 2010. At the same time, differences in
the precipitation data of the stations are observed because of the effect of the distance from
the sea and the high elevation range in the basin. While the mean annual precipitation is
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760 mm at Bafra meteorology station (103 m altitude), it decreases to 342 mm at Cicekdag1
meteorology station (900 m altitude). The spring months of April and May in the basin
experience the most precipitation, while July and August in the summer experience the
least. The monthly precipitation data between 1960 and 2020 were obtained from the
General Directorate of Meteorology (MGM) of Turkey.

2.2. Precipitation Drought Indices

In this study, the SPI, ZSI, CZI, and MCZI methods were applied to the monthly total
precipitation data observed from 1960 to 2020 at 22 stations in the Kizilirmak Basin. The
results are classified in Table 1, and it was determined which intensity—time drought was
observed at which observation station. The L-moments method was used to localize the
results and obtain the rotation periods, and spatial visualization was carried out with the
IDW method. The methods are listed in the following headings.

Table 1. The classification of droughts for the SPI, ZSI, CZI, and MCZI [76].

SPI/ZSY/CZI/MCZI Values Drought Category
>2 Extreme Wet
1.5t01.99 Severe Wet
1.0 to 1.49 Moderate Wet
0.99 to —0.99 Near Normal
—1.0to —1.49 Moderate Drought
—15to0 —1.99 Severe Drought
<-2.0 Extreme Drought

2.2.1. Standardized Precipitation Index (SPI)

The SPI is one of the most preferred drought indices and is well known, especially
when studying meteorological droughts [77,78]. Historical long-term precipitation data are
used to determine drought with the SPI method. This method determines the probability
distribution function that best fits the observed rainfall data. The SPI values are com-
puted following the computation of the cumulative probability values using the identified
probability distribution function [79]. Since precipitation data can often fit the gamma
distribution, the SPI values are calculated using a probability density function of the gamma
distribution (Equation (1)) [80].

809 = g™ eF (x> 0) )

In Equation (1), T (a) represents the « gamma function and x (mm) represents the
precipitation amount (x > 0); « is a shape parameter («x > 0); and f3 is taken as the scale
parameter (3 > 0). The « and 3 parameters of the gamma distribution are calculated by the
relations provided in Equations (2) to (4), depending on the number of sample data.

Fin(x)

A =In(x) - == )

In Equation (2), ¥ indicates the average of the precipitation data and n indicates the

number of data.
1 4A

X
p=— (4)

By finding the « and {3 parameters, the cumulative probability value of the precipita-
tion value in any month is converted into the standard normal Z variable expressing the SPI
values. Please review [81] for detailed information about the method. Accordingly, there

[0
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are statistical data that we need when applying the SPI method. These are the arithmetic
mean and standard deviation of the precipitation series observed during the study period.
The SPI equation depending on these data is shown in Equation (5).

P,—P
op

SPL = ()

Here, P; represents the precipitation of any time, P is the arithmetic average of the
series and op represents the standard deviation of the series. The obtained drought data
indicate the situation of the drought in that period according to the value ranges in Table 1.

2.2.2. Z-Score Index (ZSI)

The ZSI differs from the SPI as it does not require data adjustment to fit the gamma
or Pearson type III distribution. The ZSI represents how many standard deviations a
precipitation value is above or below the average [82]. The following equation can be used
to compute the ZSI [80].
P,— P
SD (6)
In this equation, the ZSI stands for the standardized variable precipitation score, P;
is the average of precipitation, P is the mean total precipitation, and SD is the standard
deviation. The results are evaluated as in Table 1.

7S] =

2.2.3. China-Z Index (CZI)

Since 1995, the Chinese National Climate Center has utilized variations of the CZI to
monitor the drought conditions across the country [42,45,49]. The China-Z Index is related
to the Wilson-Hilferty cube root transformation [83]. If precipitation follows the Pearson
type III distribution, the CZI can be calculated using the following formula.

6 _ (Cy 36 | Gy

CZI;i = — x [ = x ;i +1 -+ = 7

= (Fxa+r) —E+% ”)

where i is the time scale of interest and j is the current month; CZI; means the CZI's

amount of the current month (j) for period i; Cy; is the coefficient of skewness; and @j; is the

standardized variation [80]. The CZI data found are evaluated and categorized according
to Table 1.

2.2.4. Modified China-Z Index (MCZI)

The MCZI is calculated in the same way as the CZI, only the precipitation median
is used instead of the average of precipitation data [84]. The values found after applying
the MCZI method are classified according to the value ranges provided in Table 1 for the
determining of drought.

2.3. Regional Frequency Analysis (RFA) and L-Moment Statistics

RFA aims to create a homogeneous region from the selected stations [85]. With
regionalization, it is accepted that the frequency distribution in all the stations is the same.
In the equation Qi (F) = pi q (F), F represents the probability of not being exceeded, pi
represents the mean at station i, and q (F) represents the regional growth factor that is the
same for each station. After obtaining the q (F) value due to RFA, the Qi (F) value of the
hydrological variable at the station it belongs to can be obtained for the F recurrence by
multiplying this value with the average of the desired station. In a region where there are
N stations, the Qi (F) value of the hydrological variable at the station it belongs to can be
obtained for the F recurrence by multiplying the average of the i station [86]. RFA consists
of several stages listed in the following subheadings. Since the L-moments and L-moment
ratios are used in all of these stages, this version of the indicator flood method is called the
regional L-moment method [87].
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2.3.1. L-Moments and L-Coefficients

Hosking developed the L-moments approach [59,88]. L-moments are commonly
employed to solve parameter estimation, regionalization, and distribution identification
issues. In this study, the probability-weighted moments method developed by Greenwood
et al. [89] is used, and the following equation defines the linear functions of L-moments:

1
B = [ x(F)FdF (8)
/

Here, F = F(x), the cumulative distribution function (CDF) of the random variable x;
x = x(F), the inverse of the CDF, defined as a variable function; and f3j is the jth probability-
weighted moment. As can be seen from Equation (8), when j = 0, the Oth probability-
weighted moment is equal to the overall mean of the distribution. Linear moments are
defined as linear combinations of moments defined using Equation (8) as follows.

A =By )

A =231 — Bo (10)

A3 =60, — 631 + Bo (11)

Ay =20B3 —30B, + 1231 — By (12)

Here, Aj is the jth L-moment of the distribution. By proportioning the L-moments, the
L-coefficients of the distribution are defined as follows.

T = L — Coefficient of variation = A2/x, (13)
T3 = L — Skewness coefficient = A3/, (14)
14 = L — Kurtosis coefficient = A4/, (15)

It is explained by Hosking and Wallis [60] that the L—coefficient of variation T functions
as the conventional coefficient of variation (standard deviation/); in other words, it
quantitatively reflects the narrowness or breadth of the probability density function. The
basis of the regionalization study performed by the L-moments method is based on the
L-moments ratios calculated from the observed series at each station. Among the sample
probability distributions, with the ZPST fitness test, the one that is closest to the theoretical
relation between the L-kurtosis and L-skewness coefficients is chosen as the most suitable
distribution for the region. Any mean recurring value at any point in the homogeneous
region is obtained by multiplying the value provided by the standardized frequency curve.
This curve is defined with the mean value estimated at that point. The following equation
calculates the minimum drought index with the regionalized drought frequency analysis
recurrence period.

It = x(F)u (16)

In this equation, I7 is the drought index value with a recurrence period of T years
at that geographic point; F is the probability of the T-year mean recurrent drought index
small stay (not exceeded) associated with the mean recurrence period by the expression
F =1 — 1/T, x(F), the inverse (variable function) of the cumulative function of the probabil-
ity distribution found suitable for the standard drought index value whose average is equal
to one (i = 1); and p is the average of the minimum drought indexes at that geographic
point [87,90,91].

2.3.2. Non-Compliance Criterion According to L-Moments Method

The discordancy criterion is used to identify stations that may be too far from the mean
of the congruent stations in the homogeneous assumed region. A non-conforming station
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is excluded from the regionalization analyses based on the L-moments in the homogeneous
region. The following formula expresses the discordancy criterion [90,92].

D; = %N(ui ) A5 (w - T) 17)

Here, the matrix form of the coefficients u;, L-variation, L-kurtosis, L-skewness; T; is
the transpose of the matrix; [t is the unweighted group mean; Ay is the matrix and cross
product of the sum of its squares and D; is the discordancy measure for station i. D; is
defined by the number of stations in the area. If the calculated D; value is greater than
the critical D; value, that station is indicated to be irregular [93]. The number of stations’
critical values are shown in Table 2.

Table 2. Critical values for the discordancy measure.

Number of Stations Critical Value Number of Stations Critical Value
5 1.333 11 2.632
6 1.648 12 2.757
7 1.917 13 2.869
8 2.140 14 2971
9 2.329 >15 3
10 2.491

2.3.3. Homogenization Test

The region’s homogeneity is assessed using homogeneity measurements to determine
whether the selected region is homogeneous after the discordancy test. Homogeneity
metrics are based on simulating 500 homogenous regions with population parameters equal
to the regional average sample l-moment ratios [93]. The L-moments-based homogeneity
test Hy statistics are provided by Equation (18).

Hg = M (18)

In this equation, three different Hy are defined with k =1, 2, 3, of which H; is more
determinant, as it depends on Hosking [59], experiences and on the L-variation coefficient.
Therefore, H; becomes more important. Here, Vy is the weighted standard deviation
of the kth L-coefficient, while u, and oy are the mean and standard deviation of the V)
values obtained from 500 synthetic series. If the value of the homogeneity statistic is
less than 1 (Hy < 1), the region is considered to be strictly homogeneous, probably hetero-
geneous when 1 < H < 2, and certainly heterogeneous when H > 2 [87].

2.3.4. Choosing ZDIST Goodness-of-Fit Tests

The best fit in the RFA indicates a single probability distribution for data obtained
from stations in the selected homogenous region. The goodness-of-fit test is used to select
the most appropriate regional frequency distribution (ZP'ST) [93,94]. Equations (19)—(21)

are used to compute the ZP'ST statistics by comparing the following equations.
. Nspy R
Bs=Ngps- Y 4 —14 (19)
m=1
1 Nsiv Ru2 ) 05
0y = {(NSIM -1 | Y (tP—1y)? — Nspv-Bj (20)
m=1

DIST _ R
ZDIST _ (g™ — 75 + Ba)
Oy

(21)
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In these equations, TX and T}’ are the regional L-Basque coefficients determined from
the recorded series and the m simulation; 34 is the correction term for the bias in the
estimation of the regional mean L-squared coefficient determined from the recorded series;
04 is the standard deviation of the regional mean L-Basque coefficient determined from the
recorded series; and 5! ST is the theoretical L-squared coefficient of the candidate proba-
bility distribution. Nsim denotes the number of simulations (synthetic series) carried out
by the Kappa distribution [94]. The Ngjm, 500 is used in this study, which is recommended
by Hosking and Wallis (1997) [62]. The software (Version 3.04) presented by Hosking was
employed and ZP'ST statistics values of the generalized logistic (GLO), Pearson type III
(PE3), generalized extreme value (GEV), generalized normal (GNO) and generalized Pareto
(GPA) distributions were determined [95,96].

2.3.5. Inverse Distance-Weighted Interpolation Method (IDW)

The IDW method is one of the most popular non-geostatistical methods in the litera-
ture [97]. This method uses interpolation to compute the cell values of unknown points
based on the values of known sample points. It uses local interpolation since it only creates
estimates from surrounding spots. The method is based on the notion that local points
have a higher weight on the interpolated surface than remote points [98,99]. A mathemat-
ical expression called Shepard’s method is used in IDW interpolation [100]. The general
equations for the method are given below.

F(x,y) =) wixf; (22)
i=1
wi=h;P/Y " hP (23)
i=1

In the equations, p refers to the exponent known as the force parameter, h; is the
spatial distance between the sample points and the interpolated points, wj is the sum
of the weight values, which should be 1, and f; refers to the known height values. This
IDW method has been applied in ArcGIS 10.8 software, Geographical Information Systems
software, and the maps prepared are included in the application section. The specific
purpose of using the IDW interpolation technique in the study is to achieve a better and
more practical performance in predicting precipitation in the study area compared to
methods such as Kriging and spline, as reported in the literature [101,102]. The IDW
method has been employed to obtain more accurate predictions in intermediate regions
based on the characteristics of the dataset and the analysis requirements [103]. Unlike the
Kriging method, the IDW method is not a complex and time-consuming method because
it does not require estimating the variogram model [104]. Due to these advantages of the
IDW method, it has been widely used in recent years [105-110]. The relationship between
the materials and methods used in this study and the workflow chart of the study are set
out below (Figure 2).
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Figure 2. Flowchart of the study.

3. Results

Before the drought analysis and regionalization study with the L-moments method,
the descriptive statistics of the data were examined, and the results are summarized with
the location information and Koppen climate type [111] in Table 3. As Table 3 shows, the
kurtosis coefficient for all the stations is greater than zero, indicating a platykurtic charac-
teristic, which means the distributions are flatter compared to a normal distribution. The
Nevsehir (1260) and Yozgat (1301) stations have the lowest kurtosis coefficients, indicating
that their data distributions are flatter and contain fewer outliers. In contrast, the Boyabat
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(350) and Kastamonu (800) stations have the highest kurtosis values, suggesting that their
data distributions are more peaked and contain more outliers. In evaluating the skewness
coefficient results, the skewness coefficients of all the stations provide close results. In
addition, the skewness coefficients of all the stations are greater than zero, indicating a
right-skewed distribution. This means that the data distributions are asymmetrical, with
a longer tail on the right side. The coefficient of variation refers to the data distribution
around the arithmetic mean. Table 3 shows that the coefficient of variation of the data of the
Kizilirmak Basin stations varies between 62.81% and 86.95%. Since the Develi (1204) station
has the highest coefficient of variation, its probability density function indicates the greatest
variability among the stations. Conversely, the Vezirkoprii (378) station, with the lowest
coefficient of variation, shows values that are more homogeneously distributed around the
arithmetic mean. According to the descriptive statistics of the stations, it seems that the
stations in the Kizilirmak Basin are compatible. Aktiirk et al. [112] determined the most ap-
propriate probability distribution for the selected meteorological stations in the Kizilirmak
Basin at the 0.1, 0.05 and 0.01 significance levels according to the Kolmogorov-Smirnov and
X2 (chi-square) statistics. Here, they found that the Pearson type III probability distribution
is the most suitable distribution for monthly total precipitation data.

Table 3. Statistical parameters of the Kizilirmak Basin data.

. . . " . Coefficient
Station Name . Latitude Longitude Koppen Range Mean SD Kurtosis Skewness -
. Period ° 2 . * of Variation
(Altitude, m) CN) CE) Climate Type (0-mm) (mm) (mm) (mm) (mm) (%)
Bafra (103) 1960-2020 41.55 35.92 Csa 343.90 63.29 44.98 3.33 1.40 71.07
Bogazliyan (1070) 1960-2020 39.19 35.25 Csb 159.90 30.29 25.46 1.61 1.12 84.03
Boyabat (350) 1960-2020 41.46 34.79 Cfb 241.50 34.48 28.44 6.47 191 82.48
Cankuri (755) 1960-2020 40.61 33.61 Cfa 149.80 34.63 27.48 1.31 1.13 79.34
Cigekdag (900) 1972-2020 39.61 34.42 BSk 171.10 28.51 23.79 2.46 1.19 83.47
Develi (1204) 1960-2020 38.37 35.47 Csa 159.60 30.23 26.28 1.10 1.02 86.95
Gemerek (1182) 1960-2020 39.19 36.08 Csb 160.00 3298 27.06 1.50 1.07 82.04
Tigaz (885) 1960-2020 40.92 33.63 Cfb 216.60 40.00 31.22 3.06 1.34 78.06
Kaman (1075) 19602020 39.37 33.71 Csb 246.20 38.51 33.43 2.80 1.25 86.80
Kastamonu (800) 1960-2020 41.37 33.78 Cfb 278.70 41.77 32.57 5.62 1.80 77.99
Kayseri (1094) 1960-2020 38.69 35.50 Csa 164.70 32.45 25.82 0.93 0.92 79.58
Keskin (1140) 1960-2020 39.67 33.61 Csb 145.90 33.68 27.49 0.80 1.02 81.61
Kirikkale (751) 1960-2020 39.84 33.52 BSk 172.70 31.95 27.37 1.68 116 85.65
Kirgehir (1007) 1960-2020 39.16 34.16 Csa 161.40 31.94 26.83 1.18 1.03 84.01
Nevsehir (1260) 1960-2020 38.62 34.70 Csb 148.80 34.54 27.73 043 0.82 80.28
Osmancik (419) 1976-2020 40.98 34.80 BSk 139.00 33.04 25.00 0.78 0.98 75.65
Sivas (1294) 1960-2020 39.74 37.00 Dsb 154.80 36.49 28.15 0.61 0.84 7713
Tosya (870) 1960-2020 41.01 34.04 Cfb 157.20 39.17 28.40 1.04 0.99 72.49
Urgiip (1068) 1964-2020 38.62 3491 Csb 138.30 30.19 25.26 1.01 0.99 83.68
Vezirkoprii (378) 1960-2020 41.14 35.45 Cfb 172.00 47.81 30.03 0.73 0.77 62.81
Yozgat (1301) 1960-2020 39.82 34.82 Csb 192.30 48.74 38.64 0.44 0.86 79.27
Zara (1338) 1960-2020 39.89 37.75 Dsb 171.40 43.35 33.65 0.63 0.90 77.64

Notes: * Csa: climate with mild winters and very hot and dry summers; Csb: climate with mild winters, warm summers
and dry climate; Ctb: climate with warm winters and summers, rainy in all seasons; Cfa: severe winter, rainy in all
seasons, hot in summer; BSk: semi-arid steppe climate (cold) Dsb: winter is severe, summer is dry and cool.

3.1. Drought Indices Results

The droughts examined on a 12-month time scale for each station and drought class,
the average drought severity and average drought duration, the longest duration of the ex-
amined droughts as well as their start-end times, the maximum drought severity (Table 4),
and the years when extreme droughts occurred are detailed in Appendix B. According
to the SPI, ZSI, and CZI results, the total drought events were mainly experienced at the
Kirsehir (1007) station, and according to the MCZI results, at the Sivas (1294) station. When
the average drought duration is examined, it is observed that the average duration ranged
between 5.11 and 2.93 for the SPI results, 5.5 and 2.88 for the ZSI results, and 5.5 and 2.90
for the CZI results. The maximum average drought duration for the three indices was
obtained at the Zara (1338) station, and the minimum was obtained at the Keskin (1140)
station. However, according to the MCZI results, the average drought duration varies
between 4.91 and 2.52. The maximum average drought duration was obtained at the Boga-
zliyan (1070) and Boyabat (350) stations, and the minimum was obtained at the Keskin
(1140) station. However, according to the MCZI results, the average drought duration
varied between 4.91 and 2.52. The maximum value was obtained at the Bogazliyan (1070)
and Boyabat (350) stations, and the minimum value was obtained at the Keskin (1140)
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station. In the study area, the longest experienced drought period was 31 months, from
April 2012 to October 2014 at the Urgiip (1068) station, and the index results for each station
showed approximate values. At the same time, when the average drought severity is
evaluated, the index results for each station show close values. For example, the average
drought severity for the Tosya (870) station in the north of the basin was found to be —1.52
according to the SPI values and —1.49 for the MCZI. For the Zara (1338) station located
in the east of the basin, it was found to be —1.60 according to the ZSI values and —1.59
for the CZI. The results showed slight differences in the maximum drought severity for
each index, but extremely severe drought events were experienced at all the stations in
the basin. In particular, for many stations, the maximum drought severity obtained by
the MCZI method was higher than the values calculated by the other methods. Thus, for
the Kaman (1075) station, the maximum severity was found to be —2.69 (December 2020)
with the SPI method, —2.30 (December 2020) with the ZSI method, —2.92 (January 2005)
with the CZI method, and —5.98 (March 2014) with the MCZI method. When years with
extremely severe drought events (major drought events) and when long-term drought
events are evaluated together, the four different indices’ results revealed that these droughts
mainly occurred in the 2000s. The selected study area is also affected by the most severe
and widespread drought events in Turkey [19,113-115]. One of the most important results
of the drought analysis in this study is that the MCZI method is not suitable to be used in
some stations (Keskin (1140), Kayseri (1094), Boyabat (350), Cankir1 (755), Kaman (1075),
Kastamonu (800), Ilgaz (885), Gemerek (1182), Zara (1338)) because it provides extraordinary
results compared to other index results. In addition to the high results obtained with the
MCZI method at the Ilgaz (885) and Boyabat (350) stations, the CZI results for only these
two stations among all the stations studied in the basin also differed from the other index
results. Therefore, besides the MCZI method, the CZI method is unsuitable for use at the
Boyabat (350) and Ilgaz (885) stations.

Table 4. Maximum drought severity at each station in the Kizilirmak Basin according to the SPI,
MCZI, CZI and SPI results at a 12-month time scale.

Station Maximum Drought Maximum Drought Maximum Drought Maximum Drought
Name Severity (for SPI) Severity (for MCZI) Severity (for CZI) Severity (for ZSI)
Severity Time Severity Time Severity Time Severity Time
(Year/Month) (Year/Month) (Year/Month) (Year/Month)
Bafra —3.46 2014/8 —3.49 2014/5 —2.83 2014/3 —2.83 2014/8
Bogazliyan —3.37 2017/5 —3.72 2017/6 —3.7 2017/5 —2.58 2017/5
Boyabat —2.67 2017/9 —6.87 2017/9 —7.92 2017/9 —2.03 2017/9
Cankir1 —3.07 2007/10 —6.5 1986/8 —2.75 1986/8 -2.5 2007/10
Cicekdag1 —2.6 2014/1 —-3.23 2012/7 —2.46 2014/2 —2.22 2014/1
Develi —4.41 2014/4 —2.86 2014/5 —291 2014/5 —3.36 2014/4
Gemerek —2.47 2001/10 —4.44 2001/10 —3.52 2001/10 —2.17 1995/3
ligaz —2.22 1962/7 —4.73 1962/7 —5.69 1962/8 —1.68 1962/7
Kaman —2.69 2020/12 —5.98 2005/1 -2.92 2005/1 —-23 2020/12
Kastamonu —2.4 1994/9 —5.8 1994/8 —2.49 1964/5 —2.07 1994/9
Kayseri —2.87 2016/11 —7.2 2016/6 -3.15 2016/6 —2.36 2016/11
Keskin —2.93 2017/5 —8.55 2017/3 —3.14 2017/3 —2.46 2017/9
Kirikkale —3.02 2007/10 -2.8 2008/6 —2.43 2007/10 —2.52 2007/10
Kirsehir —2.51 1974/8 —2.59 1995/2 —2.33 1995/2 —2.19 1974/8
Osmancik -2.7 2014/2 —3.88 2014/3 —2.74 2014/3 —2.23 2014/2
Sivas —2.76 1973/10 —2.84 2014/5 —2.38 2014/5 —2.42 1973/10
Tosya —2.83 2020/12 —2.57 2020/12 27 2020/12 —2.41 2020/12
Urgtip —3.33 2012/9 —2.95 2014/5 —2.88 2014/5 —2.71 2012/9
Vezirkoprii —3.89 2014/4 —2.83 2014/5 2.7 2014/4 —3.18 2014/4
Yozgat —3.24 2001/10 —2.87 1974/6 —2.47 1974/6 —2.79 2001/10
Zara —3.68 2014/5 —4.17 2012/11 —3.23 2012/11 —3.02 2014/5
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One of the notable findings of this study is the observed increase in the drought
severity values for the Zara station (1338), located in the Upper Kizilirmak basin, starting
from the 2000s. Additionally, extreme drought occurrences were found to only occur
during this period. The annual average precipitation in the Upper Kizilirmak Basin varies
depending on the elevation and the influence of moisture-laden air masses within the basin.
The region has a parallel increase with the elevation, with the annual average precipitation
being 396 mm in Gemerek at an elevation of 1182 m, 438 mm in Sivas at 1294 m, and
520 mm in Zara at 1338 m. The relatively high precipitation at the Zara station is attributed
to the tendency of air masses originating from the Black Sea to traverse the mountainous
terrain to the north of the basin and reach the basin [116]. However, in Zara, which has
a semi-arid climate condition, decreasing trends in the annual and spring precipitation
and increasing temperatures have been observed starting from the 2000s [117]. Therefore,
this situation has led to more severe and effective fluctuations in the precipitation and
temperature in the region due to global climate change, resulting in severe and extreme
drought conditions.

3.2. Regionalization with L-Moments Method
3.2.1. Calculation of L-Coefficients, Non-Compliance Criterion and Homogeneity

Monthly precipitation data from 22 meteorological stations in the Kizilirmak Basin
up to 2020 were used to calculate the annual maximum drought severity values for
four drought indices at a 12-month time scale. The basis of the regionalization study
performed by the L-moments method is based on the L-moments ratios calculated from
the observed series at all the stations in the region. For this reason, at the beginning of the
study, the L-moments ratios, which are defined as the L-variation, L-skewness, and L-kurtosis
coefficients of the SPI, MCZI, CZI, and ZSI values of the 22 meteorology stations, were cal-
culated. A discordancy test was carried out using these ratios for the regionalization study.
So, firstly, the discordancy test was performed for each of the SPI, MCZI, CZI and ZSI values
of the 22 meteorology stations and the results of the discordancy test are shown in Table 5.
As can be seen in Table 5, only the Ilgaz (885) station for the SPI and MCZI, Ilgaz (885) and
Boyabat (350) stations for the CZI, and Ilgaz (885) and Vezirkoprii (378) stations for the ZSI
were determined to be discordant and removed from the study area. The Ilgaz (885) station
was found to be discordant in all four of the SPI, MCZI, CZI, and ZSI drought indices.

Secondly, in the regionalization study, the homogeneity test was performed for each of
the SPI, MCZI, CZI, and ZSI; the homogeneity test results are shown in Table 5. As can be
seen in Table 5, it has been determined that the Kizilirmak Basin is a single homogeneous
region because the H1 and H2 values found for the SPI, MCZI, CZI, and ZSI values are
less than one. Except for the MCZI, the H3 value of the other three indices is less than one,
and according to the H3 value, it has been determined that the Kizilirmak Basin is a single
homogeneous region.

Table 5. Summary of discordancy and homogeneity test results for the SPI, MCZI, CZI, and ZSI indices.

Indices Discordant Stations D Statistics H1 H2 H3
SPI 17648 llgaz 3.27 —1.35 —1.50 —0.96

MCZI 17648 Ilgaz 3.90 0.02 0.87 3.38 *
(@V4] 17648 Ilgaz, 17620 Boyabat 4.73,5.10 —1.25 —1.68 —1.57
ZSI 17648 Ilgaz, 1122 Vezirkoprii 3.49, 3.19 —2.24 —2.01 —0.75

Notes: * Not homogeneous.

3.2.2. Choosing ZDIST Goodness-of-Fit Tests

After the discordance and homogeneity test stages, graphical methods were applied
to determine the most appropriate probability distribution [118-120]. Graphical methods
visually determine the proper distribution by using the points of the “L-skewness (t3)<+L-
Kurtosis (t4R)” coefficients of each station and the mean point of these point values. In
addition, Figure 3 is drawn to visually show the appropriate distribution of the SPI, MCZI,
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CZI, and ZSI. In Figure 3, for the SPI, MCZI, CZI, and ZSI values, the “ty<>t3” points
calculated from the data of the stations with the “t44+>13” curves of each station and the
mean point of these point values are provided. As can be seen from these figures, it is
interpreted that if the mean of the t4¢+t3 points of the series (each station) is closer to the
T44+73 curve of the distribution, that distribution is the most appropriate distribution. This
way, it is determined visually that the most appropriate distribution for the MCZI values is
the GLO distribution. However, it is determined that the appropriate distribution for the
SPI and ZSI values is the PE3 and GNO distributions. The appropriate distribution for the
CZI values is PE3, GNO, and GEV distributions, and it is impossible to determine the most
suitable distribution visually.

Standardized Precipitation Index (SPI)
T T T T T

Modified China-Z Index (MCZI)
0.20 T T o 0.35 T T T T
o o °
0.30f
0.15p ° 4
S0P ° ° _—— = o2sf °
3 o o P ° °
g 0.10F ° ° " H 0.20f s io °
& ° X
2] ° 2 o015
S S
@ 2
2 0.05 & § 0.10F
S © Point of Sample Sedes 5
< <
—GPA 5 0.05|
ot ok —GLO =
—GEV
PEY 0
—GNO
. Mosn
0.05 I 1L 1 1 1 1 1 n I -0.05 L L L L L - 4. L
-0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.1 -0.05 0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
L-Coefficient of Skewness, t3 L-Coefficient of Skewness, t3
(a) SPI (b) MCZI
China-Z Index (CZI) Z-Score Index (ZSI)
0.18 T T T T T T T 0.20 T T T T
0.16 ° ° ° o o
° ° o
0.14 0.15} °
: 2 ° o
;0.2 & E— R N
é" § e © '07777 EEe—
g 010 § 0.10 ° ke °
2 008 & °
= o
£ oo g 005 %
-“ 0.04 2 O Point of Sample Series
S 5 = GPA
0.02 of Jcm 4
GEV
" PES
—GNo
" Mosn
.02 L 1 .0.05 1 1 I 1
0.08 0,06 0.04 0.02 0 0.02 0.04 0.06 0.08 .0.15 0.1 -0.05 0 0.05 0.10
L-Cocflicient of Skewness, 3 L-Coefficient of Skewness, t3
(c) CZI (d) ZSI

Figure 3. Diagrams illustrating the L-skewness versus the L-kurtosis using the L-moment ratios for
the SPI (a), MCZI (b), CZI (c), and SZI indices (d). The average L-moments for each region are shown
by the red squares.

The regional L-variation (%), L-skewness (t3R), and L-kurtosis (t,]) coefficients were
calculated by averaging the point coefficients with the weight coefficients obtained by
dividing the length of the single series by the total series length. Based on the fact that there
is a general main distribution and that the three-parameter potential distributions are its
special forms, synthetic series were derived with the four-parameter Kappa distribution,
whose parameter values were determined using the regional L-coefficients [87,121]. After
500 synthetic series simulations were performed, the ZP'ST statistics were calculated for all
the candidate distributions. In Table 6, the ZPIST statistics values for the GLO, GEV, GNO,
PE3 and GPA distributions are available.

Table 6. Goodness-of-fit measures for the SPI, MCZI, CZI, and ZSI indices.

Indices GLO GEV GNO PE3 GPA
SPI 5.64 —-1.07 0.52 0.45* —13.35

MCZI 1.63 % -3.23 —2.650 —3.00 —-12.77
CZI1 6.00 —0.77 * 1.05 1.01 —12.87
7SI 5.15 —1.63 0.51 0.38 * —13.31

Notes: * absolute Z-statistic value that is less than 1.64 and closest to zero.
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Hosking and Wallis [87] and Peel et al. [118] point out that visual inspection of the
L-moment ratio diagram should not be the only criterion when choosing the optimal
distribution. For this reason, they argue that acceptable distributions should include a
measure of goodness-of-fit testing to define them. For a probability distribution to represent
a homogeneous region, its ZP'ST statistic must be in the range —1.64 < ZP'ST < +1.64. Among
the distributions satisfying this condition, the one with the smallest absolute value of ZP'ST
statistics is the most appropriate. Therefore, distributions with the smallest absolute value
for ZPIST statistics were chosen at the beginning. As seen in Table 6, the ZP™ST statistic for
the MCZI is the most appropriate distribution, with the smallest value of 1.63 compared to
the others. Since the ZPST statistics are smaller than for the other distributions, the PE3
distribution is the most appropriate for the SPI and ZSI. In contrast, the GEV distribution
is the most appropriate for the CZI index. Table 7 presents the regional parameters of
all the distributions of the SPI, MCZI, CZI, and ZSI values calculated using the regional
L-coefficients.

Table 7. Regional parameters of all the distributions for the SPI, MCZI, CZI, and ZSI indices.

Indices GLO GEV GNO PE3 GPA
Location Scale Shape  Location Scale Shape  Location Scale Shape  Location Scale Shape  Location Scale Shape
SPI 098 0625 —0019 0594 1084 0249 0978 1108  —0.04 1 1109 0119 0978 1108  —0.04
MCzI 0907 0674 0084 0421 096  —0026 0897 1193  —0171 1 1218 0512 0897 1193  —0.71
Czl 1003 0608 0003 0625 1077 029 1004 1078  0.007 1 1078  —002 1004 1078  0.007
ZSI 1038 0562 0041 0685 1033 0359 1042 0997  0.084 1 1002 0253 1042 0997  0.084
Table 8 presents the standard quantile estimates for a single homogeneous region.
The standard quantile estimates for the four drought indices have very high values. The
standard quantile estimates initially yielded similar results for the four drought indices.
However, with the increase in the return period, it was observed that the standard quantile
values of the MCZI increased more rapidly than the standard quantile values of the SPI,
CZI, and ZSI. The rapid increase in the standard quantile values of the MCZI is because
the MCZI provides higher results than the other indices at many stations in the basin. In
addition, as can be seen in Table 8, extreme drought values were observed in all the indices
after ten years.
Table 8. Regional standard quantile of the severity of the SPI, MCZI, CZI, and ZSI drought indices in
Kizilirmak Basin.
Indices Return Periods (Years) 5 10 25 50 100 200 500 1000
SPI PE3 1.926 2.434 2.986 3.348 3.676 3.98 4.352 4.616
MCZI1 GLO 1.897 2.532 3.36 4.006 4.682 5.393 6.396 7.205
CZI GEV 1.935 2.406 2.871 3.142 3.362 3.541 3.729 3.84
ZS1 PE3 1.853 2.254 2.664 2.919 3.143 3.343 3.578 3.739

The standard quantile function x(F) obtained from the appropriate distribution and
the “flood index”, which is the mean of the annual series of flood peaks at “u” at the
relevant geographical point, were used to calculate the flood peak size with an average
T-year recurrence period at any location [121]. This study calculated the standard quantile
function for each index, as shown in Table 8. At the same time, many data, such as the
latitude, longitude, and maximum temperature, were used to represent the average values
of the drought severity for each drought index. However, no function that could represent
the average of the drought severity values of the four drought indices could be obtained.
For this reason, maps were obtained by using the IDW method to determine the probability
of drought severity at any point in the basin where there are insufficient data [61,67,70].
The data to be used in the formation of probability maps of the drought severity values
were calculated for each station by multiplying the average of the drought values of each
station with the standard quantile function values one by one. Figures 4-7 show the maps
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obtained by the IDW method using these drought severity values. In addition, the IDW
method is arranged according to the one/standard deviation legend range in order to
follow the intermediate values and highlight the peak values on the maps.
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Figure 4. Areal extent maps of the drought severity values in the Kizilirmak Basin for the SPI.
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Figure 5. Areal extent maps of the drought severity values in the Kizilirmak Basin for the ZSI.
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Figure 6. Areal extent maps of the drought severity values in the Kizilirmak Basin for the CZI.
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Figure 7. Areal extent maps of the drought severity values in the Kizilirmak Basin for the MCZI.
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The primary purpose of the maps in Figures 4-7 was to determine the future drought
situation of any point. Thus, the legend values were taken differently from the classical
value range of drought when drawing the maps. In this way, the maps in the figures can
examine the changing effects of drought from north to south and east to west. The drought
maps were created using the IDW method in ArcGIS 10.8, and the drought severity values
for each pixel were obtained. Figures 4-7 show the spatial distribution of the drought
severity values for the eight fixed return periods (5, 10, 25, 50, 100, 200, 500, and 1000 years)
that were obtained from the SPI-12, ZSI-12, CZI-12, and MCZI-12 analysis results in this
study for the entire basin. In Figure 4, the drought increases further in the transition
from east to west. While less drought is observed in the northern and southern ends, it is
observed that there is more drought in the inner parts. It is thought that the reason for the
low drought in the northern parts is the rainfall in the Black Sea, and the reason for the low
drought in the southern parts is the rains that occur right behind the Taurus Mountains.
Additionally, in the SPI index, more drought is observed in the Yozgat (1301) and Sivas
(1294) stations and their surroundings. Figure 5 shows maps similar to the SPI index for
the ZSI index. It is seen that drought increases as we move from north to south. As in the
SPIindex, it is seen that the drought increases further from east to west in the ZSI index.
Figure 6 shows that the CZI and ZSI indices provide opposite results. Unlike the ZSI index,
in the CZI index, a lot of drought is observed in the Boyabat (1070) and Ilgaz (885) stations,
while less drought is observed in the Sivas (1294) station. This is because the observed
precipitation data for the Boyabat (1070) and Ilgaz (885) stations are more skewed than
those for the Sivas (1294) station. Figure 7 shows that while the Kayseri (1094) and Sivas
(1294) stations are the driest regions in the MCZI index, the Vezirkoprii (378), Osmancik
(419) and Zara (1338) stations have less drought around them. In the SPI, ZSI and MCZI
indices, the surroundings of the Sivas (1294) station appear to be drier. The Zara (1338)
station and its surroundings appear less arid in the SPI, CZI and MCZI indices.

The percentages of the areal extent of the drought severity values for this return
periods were shown in Figure 8. In Figure 8, fixed intervals are arranged for readers to
understand the region’s drought severity values better. The maps and the graphs of the
four drought indices show that as expected, the amount of drought severity increases
with the increasing return period. In natural events (drought, flood, earthquake, etc.), the
severity increases as the recurrence time increases [122].

SPI CZI

S
8

500 1000

5 10 25 50 100 200

Return Period

Areal extent of Drought Severity
(%)
Areal extent of Drought Severity

5 10 25 50 100 200 500 1000
Return Period

w15 m-1.5--1.75 m-1.75--2 m-2--25 m-25-3 W335 0 -35-4 mo4-5 med

w15 m-15--175 17522 m2--25 W-25-3 W335 0354 w45 mes
(a)
MCZI )

; Z

& =

£ 100 - - — c

@ B & s -

3 is = E &

w 80 -

5 )

g &0 H

a2 i &

8T 4 g S| = 3

o a o =

g 20 k1

£ g

o = he e b

= 0 EF] o = i e

5 3 10 25 50 100 200 500 1000 E 5 10 25 50 100 200 500 1000
Return Period Return Period

m>-15 M-15--175 M-1.75--2 m-2--2.5 M-25-3 W-3-35 ©-35-4 5-4-5 m<S w15 m15 175 m-175-2 m2- 25 @253 m3-35 354 545 m<s
(0) (d)

Figure 8. The percentages graphs of the areal extent of the drought severity values for the return
periods for the SPI (a), CZI (b), MCZI (c), and ZSI (d).



Water 2024, 16, 2124

21 of 33

3.3. Inverse Distance Weighted Interpolation Method (IDW)

In the 5-year return period, the SPI results show 18% of the basin has moderate
drought and 82% severe drought; the ZSI results show 59% moderate drought and 41%
severe drought; the CZI results indicate 9% moderate drought, 87% severe drought, and
3% extreme drought at the Ilgaz (885) and Boyabat (350) stations in the north; and the
MCZI results show 15% moderate drought and 95% severe drought. For the 50-year return
period, the SPI shows extreme droughts across the entire basin, and the ZSI shows 98%
extreme droughts. During the 25-year return period, the CZI and MCZI results indicate
that extreme droughts dominate the entire basin. To make this study applicable, regression
analysis was performed using the longitude, latitude, altitude and frequency values as
independent variables. The t values of the latitude, longitude, and frequency turned out
to be greater than the critical t (t) and the altitude was discarded simply because its t
value was smaller than t. In this study, linear regression equations in which the latitude,
longitude, and frequency values were obtained using IDW maps of each drought index.
The regression equations developed for each drought index are shown in Table 9. Thus,
by using the equations in Table 9, the value of the drought severity for the desired return
period can be estimated with the help of the latitude and longitude information of any
point in the Kizilirmak Basin. In addition, although the mountains in the region extending
parallel to the sea are a barrier against humid air masses, the findings are satisfactory.

Table 9. Summary of the validation regression for means of the SPI, MCZI, CZI and ZSI indices developed
using the IDW map data for each frequency (mean drought severity =a x (Lo) + b x (La) + ¢ X (q).

Indices Regression Coefficients t Value of Coefficient
a —0.0388 —75.46
SPI b —0.0477 —105.98
c 9.7022 —801.86
a —0.0867 —73.59
MCZI b —0.0373 —36.21
c 17.7712 —641.75
a 0.0575 —160.08
CzI b —0.1258 —399.89
c 7.6086 —899.95
a —0.0143 —15.99
7SI b 0.075 —63.11
c —24.1560 —79.03

Notes: a: coefficient of longitude; b: coefficient of latitude; c: coefficient of frequency.

4. Discussion

In this study, regionalization was carried out by applying the L-moments method to
different drought index values in the Kizilirmak Basin. The difference between this study
and the literature is that, except for the SPI [112], the meteorological drought analysis is
performed with the ZSI, MCZI, and CZI methods, which have not been applied to the
Kizilirmak Basin before. Also, a year’s maximum drought severity value is used for the
four different drought indices calculated at a 12-month time scale. In addition, for the first
time for these indices, regionalization was performed in the selected study area using the
L-moments method.

The MCZI values for the study area were unusual in many stations. As the monthly
differences between the mean and median values increased in the stations, extraordinary
values were observed. For this reason, it is not recommended to use the MCZI for this
study area. In addition, Mahmoudi et al. [123] stated that the MCZI index did not show
an acceptable performance in relation to drought monitoring in Iran. The study in [123]
supported the results obtained with the MCZI in this study.

The discordancy criterion was used regionally as a standard practice to identify
stations whose sample statistics were rare among most of the stations. As suggested by
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Hosking and Wallis [87], the stations with Di > 3 were considered inaccurate and excluded
from the analysis. The discordancy criterion is a function of the number of stations in a
region. Therefore, regions with more stations have a more excellent Di value. Thus, the
Di value is higher in areas with more stations. As the number of stations decreases, the Di
value also decreases. Although it could be more informative in regions with fewer than
three stations, the discordancy criterion is still recommended.

Kaluba et al. [61] divided the Czech Republic region into three homogeneous sub-
regions due to the discordant of several stations according to the discordancy criterion. In
addition, in the studies conducted by [24,61,70,124], the results of the homogeneity and
discordancy criteria were taken into account, and the researchers divided the study areas
into homogeneous sub-regions. Although some stations failed the discordancy criteria in
this study, the Kizilirmak Basin represents the only homogeneous region according to the
homogeneity criteria. For this reason, as in the study conducted by Topgu and Seckin [71],
the analyses were continued by removing the discordant stations without dividing the
Kizilirmak Basin into homogeneous sub-regions.

However, the discordancy test performed in this study resulted in 20 stations in a
single homogeneous region for four different indices. According to Saf [125], the small
number of stations in the homogeneous region indicates that using graphical methods
using the L-moment ratios to select the most appropriate regional frequency distribution
among the competing probability distributions is problematic. The results of the graphical
method obtained in the study by Li et al. [67] support the study by Saf [123]. However,
three different distributions have conflicted with the graphical method in determining
the most appropriate distribution for the SPI, ZSI, MCZI, and CZI. Even at more than
20 stations, it took a lot of work to determine the most appropriate distribution with the
graphic method.

The GNO and PE3 distributions for the SPI and ZSI in the Kizilirmak basin are
acceptable since they are in good agreement and the ZP'ST values are close to zero. On the
other hand, the PE3 distribution has the lowest ZPST value compared to the GNO due to
its competitive nature. As in many studies, this competitive nature of the PE3 distribution
was also found in the SPI and ZSI in this study [24,61,70,71,87]. Kaluba et al. [67] stated
that the GEV distribution is the most appropriate distribution for the seasonality index in a
temperate region [61]. Similarly, Li et al. noted this situation in a monsoon climate. This
study determined that the GEV distribution was the most appropriate in the CZI index
of the basin, which has continental climate characteristics. In the study of regionalization
of drought indices with L-moments, only Li et al. in the literature found that the GLO
distribution was the most appropriate and in only one of the four sub-homogeneities [67].
In this study, the GLO distribution was determined to be the most appropriate distribution
for the MCZI, a weak index. Strnad et al. [124] have applied RFA to the SPEI index values
of the Czech Republic region, which has a temperate climate. As a result of the study, they
stated that the GPA distribution showed good performance. They also emphasized that the
GPA distribution reduces the uncertainty in the shape parameter and quantiles estimates.
However, the distribution of the GPA could not show itself in the Kizilirmak Basin, which
has continental climate characteristics.

In the studies of many researchers, various equations have been developed using the
multiple regression method meteorological variables and L-moments ratios to calculate the
average precipitation and drought severity values [69,121,126,127]. In this study, however,
the regression equation could not be developed because there was no strong correlation
between the meteorological variables, the spatial characteristics of the stations, the basin
characteristics, and the average drought severity values. Strnad et al. [124] stated in their
study that the relationship of the average drought severity values with the characteristics of
the area under investigation and the other parameters of the analysis is uncertain. For this
reason, instead of the regression equation as in the studies of [61,67,70], the average values
of the drought severity of all the stations were multiplied by the standard quantile and
maps were obtained by the IDW method for all the return periods from 5 to 1000 years. The
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most different aspect of this study from other studies is that the IDW maps of each drought
index were converted into linear regression equations. In addition, Sajjadi et al. have
proposed that the inverse distance-weighting (IDW) method is more suitable for estimating
particulate matter than Kriging-based methods [128]. Munyati and Sinthumule [108] have
demonstrated that the IDW method is more appropriate for dispersed areas. Achite et al. [110]
have stated that the IDW method is the most successful interpolation method for rainfall
data. Tayyab et al. [103] have indicated that the IDW method remains the best method for
interpolating groundwater quality data in cases where the observed data are sparse and
randomly distributed. Consistent with the literature, the IDW method has yielded highly
satisfactory results in interpolating the SPI, ZSI, CZI, and MCZI indices [104,129].

The hidden and complex relationships of climatic events with each other cannot be
reflected by univariate frequency analysis. In univariate frequency analysis, the marginal
distribution of a single variable is determined, allowing for the characteristics of that
variable to be reflected. Therefore, multivariate analysis was needed to explain the structure
of the dependence between variables [130]. Generally, in multivariate analyses, the marginal
distributions of each variable are different from each other [131]. For this reason, the
copula approach was developed to take into account the dependence and difference of
variables [132]. In this study, the SPI, MCZI, CZI and ZSI drought indices generated only
from precipitation data were calculated and a second variable feature was not utilized.
Drought analysis was performed by paying attention to only the characteristics of the
precipitation data and the maximum drought events that could occur according to various
recurrence periods were determined.

5. Conclusions

A statistical model was developed with the L-moments-based index flood model by
using the 12-month time scale SPI, MCZI, CZI, and ZSI values obtained from the monthly
precipitation data of 22 stations in the Kizilirmak Basin for the period 1960-2020. The
main conclusions that can be drawn from the regional drought frequency analysis of the
Kizilirmak Basin are as follows:

e  One of the most important results of the drought analysis in this study is that the
MCZI method is not suitable for the basin.

e  According to the results of the four different indices, the basin experienced its longest
and most severe periods of drought events predominantly in the 2000s.

e  Despite their proximity and similar rainfall data statistics, the Sivas (1294) and Zara (1338)
stations show significant differences in terms of the drought duration and severity.

e  The llgaz station was found to be a discordant station for the four different drought
indices. In addition, the Boyabat (350) station for the CZI and the Vezirkoprii (378)
station for the ZSI were found to be discordant. The homogeneity test was thought to
not reflect the truth without removing the discordant stations.

e In the study conducted using the different drought indices, it was determined that a
large region such as the Kizilirmak Basin would be defined as a single homogeneous
region. A single homogeneous region has led to more practical and effective results.

e Hosking’s goodness-of-fit method was used to select the appropriate probability
distribution function for estimating the drought severity of the SPI, MCZI, CZI, and
ZSI drought indices at various recurrence periods. The PE3 distribution for the SPI
and ZSI, GEV distribution for the CZI, and GLO distribution for the MCZI were
determined to be the most appropriate distributions.

e  Itis unclear to what extent the average drought severity depends on the meteorological
variables, station spatial characteristics, basin characteristics, and other parameters.

e  Especially, these thresholds are thought to provide important information for the
region in terms of reducing the effects of drought in drought forecasting, risk analysis
and management studies.

e  These thresholds are thought to provide vital information for the region in terms of reducing
the effects of drought in drought forecasting, risk analysis, and management studies.
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e  Using equations derived from the IDW maps, estimating the probability of drought in any
part of the basin would be more practical without sufficient data for hydrological studies.

e  When drought determination is required for some specific drought events in non-
measured areas, the procedure presented in this study will provide better estimates
than the other available methods. With this procedure, it will not be necessary to have
a long-term station data series to develop a drought-monitoring network, as with an
in situ approach.

Such studies are necessary for other drought indices and regions of Turkey and to
renew the planning in accordance with these results. In future studies, regionalization
studies with L-moments should be carried out for the Kizilirmak Basin and other basins of
Turkey, using two or three variable data, taking into account copula functions.
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Appendix B

Table Al. Drought characteristics of the stations in the Kizilirmak Basin according to the SPI results at a 12-month time scale.

Occurrences Classification of Drought Events

o Grougli Mo Avesge Doughy LongSUDuRionof P Bvents | Maun DBt
Name Extreme Drought Severe Drought lgggsgﬁf ?ﬁ?ﬁ%‘ Severity _lsjf;f: _Eﬁ?e ?ﬁﬁﬁﬁ;‘ Severity (Yeapll'"/il\ljllgnth) Time (Year)
Bafra 20 27 66 3.9 155 2013/12 2015/2 15 346 2014/8 1961, 2001, 2014, 2018, 2019, 2020
Bogazliyan 24 31 51 442 ~165  2016/3  2018/5 27 337 2017/5 2001, 2016, 2017, 2018
Boyabat 8 2 76 3.53 ~1.39 12909137/ > 128912// 4 12 267 2017/9 2017, 2018, 2020
Cankurt 18 31 61 3.67 153 2007/2  2008/9 20 —3.07 2007/10 1973, 1974, 1986, 2007, 2008
Cigekdag 15 17 50 3.73 154 1973/6  1975/3 2 26 2014/1 1973, 1974, 2001, 2012, 2014, 2020
Develi 26 21 50 485 177 2013/12 2015/1 14 yT 2014/4 1985, 1989, 1990, 1995, 2012, 2014
Gemerek 18 34 62 438 152 2018/4  2019/7 16 247 2001/10 1961, 1995, 2001, 2014, 2017, 2018, 2019
llgaz 3 18 68 3.56 132 2006/7  2008/3 21 om 1962/7 1962
Kaman 11 39 73 3.84 145 1973/10  1974/12 15 ~2.69 2020/12 1974, 1976, 2001, 2005, 2007, 2014, 2020
Kastamonu 8 38 75 5.04 —145  2006/8  2008/4 21 “24 1994/9 1962, 1964, 1974, 1994
Kayseri 20 28 64 487 ~155  2016/3  2017/10 20 —2.87 2016/11 1994, 2001, 2016, 2017
Keskin 18 21 84 2.93 147 2017/1  2018/4 16 293 2017/5 2001, 2005, 2007, 2017, 2018, 2020
Kirikkale 9 3 61 4.04 151 2007/2  2009/1 24 “3.02 2007/10 1979, 2001, 2003, 2007, 2008
Kirsehir 14 3 76 475 15 1973/6  1975/3 2 251 1974/8 1973, 1974, 1984, 1995, 2004, 2008, 2014
Osmancik 11 26 45 3.73 151 1986/3  1987/2 12 27 2014/2 1977, 1985, 1986, 1994, 2013, 2014
Sivas 31 37 52 5 ~165  1973/6  1974/9 16 ~276 1973/10 R v B
Tosya 18 2 70 462 ~152  2007/2  2008/8 19 283 2020/12 1964, 197;*6%?,0;612202765808' 2012,
Urgiip 19 27 59 457 —161  2012/4  2014/10 31 333 2012/9 2012, 2013, 2014
Vezirképrii 18 31 60 3.89 ~16 213173?/ R // 3 14 —3.89 2014/4 1964, 1985, 1986, 2013, 2014, 2020
Yozgat 26 3 60 341 161 1972/12 1975/3 28 324 2001,/10 1971, 1973, 1974, 2001, 2007, 2014

Zara 23 25 49 5.11 —-1.72 2013/12 2015/1 14 —3.68 2014/5 2007, 2012, 2013, 2014, 2017, 2020
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Table A2. Drought characteristics of the stations in the Kizilirmak Basin according to the MCZI results at a 12-month time scale.

Occurances Classification of Drought Events . . Major Drought Events
(Drought Months) Average Drought Longest Durahoﬁglit]ﬁ;ought Events in Maximum Drought Severity Experienced in the Kizilirmak
. According to MCZI Basin
Station Name
Extreme Severe Moderate Duration : . . Duration . Time -
Drought Drought Drought (Month) Severity Start Time End Time (Month) Severity (Year/Month) Time (Year)
Bafra 18 23 69 3.67 -1.52 2013/12 2015/2 15 —3.49 2014/5 1961, 2001, 2014, 2018, 2019, 2020
Bogazliyan 22 30 56 491 -1.6 2016/3 2018/5 27 -3.72 2017/6 2001, 2016, 2017
1983, 1994, 2001, 2003, 2014, 2017,
Boyabat 23 21 29 3.48 -2.29 1993/12 1994/11 12 —6.87 2017/9 2018, 2020
Cankir 20 28 34 3.73 -1.73 2007/9 2008/8 12 —6.5 1986/8 1973, 1974, 1986, 1994, 2007, 2008
Cicekdag1 13 17 36 3.88 —1.61 1974/3 1975/3 13 -3.23 2012/7 1974, 2012, 2013, 2014, 2017, 2020
Develi 24 21 64 4.74 —1.58 2013/12 2015/1 14 —2.86 2014/5 1985, 1989, 1995, 2012, 2014
1961, 1964, 1995, 2001, 2013, 2014,
Gemerek 28 28 42 3.77 —1.68 2000/11 2001/12 14 —4.44 2001/10 2017, 2018, 2019
1962, 1964, 1971, 1977, 1993, 1994,
1995, 2001, 2003, 2005, 2007, 2008,
ligaz 49 4 19 2.77 —2.62 1962/1 1962/10 10 —4.73 1962/7 2014, 2017, 2020
Kaman 15 27 48 3.46 ~1.62 1974/2 1974/11 10 ~5.98 2005/1 1974, 1976, 2001, 2005, 2007,
2014, 2020
Kastamonu 23 22 51 3.84 -1.73 2006/9 2008/4 20 —5.8 1994/8 1962, 1964, 1971, 1974, 1994, 1995,
2007, 2008
Kayseri 22 23 55 4 -1.8 2016/4 2017/5 14 -72 2016/6 1994, 2001, 2016, 2017
Keskin 14 19 73 2.52 -159 2017/1 2018/4 16 —8.55 2017/3 2005, 2007, 2017, 2018, 2020
Kirikkale 11 35 44 4.09 —1.55 2007/5 2009/1 21 -2.8 2008/6 1979, 2001, 2003, 2007, 2008
Kirsehir 9 39 74 4.52 —1.46 1973/6 1975/3 22 —2.59 1995/2 1974, 1995, 2008, 2014
Osmancik 7 26 24 3.35 -1.63 1986/4 1986/12 9 —3.88 2014/3 1977, 1986, 2013, 2014
Sivas 14 46 64 4.77 —1.54 1973/6 1974/11 18 —2.84 2014/5 1961, 1971, 1973, 1974, 2014
1964, 1974, 2001, 2007, 2008, 2012,
Tosya 17 24 70 3.83 —1.49 2007/2 2008/8 19 —2.57 2020/12 2013, 2014, 2020
Urglip 13 30 78 417 —1.46 2012/4 2014/10 31 —2.95 2014/5 2012, 2013, 2014
Vezirkoprii 9 36 57 3.19 -15 2013/10 2014/11 14 —2.83 2014/5 1964, 2013, 2014
Yozgat 17 28 50 3.17 -1.59 1972/12 1975/3 28 —2.87 1974/6 1973, 1974, 2001, 2014

Zara 19 23 57 4.71 -1.6 2017/5 2018/8 16 —4.17 2012/11 2012, 2013, 2014, 2019
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Table A3. Drought characteristics of the stations in the Kizilirmak Basin according to the CZI results at a 12-month time scale.

Occurances Classification of Drought Events . . Major Drought Events
(Drought Months) Average Drought Longest Durahoﬁglit]ﬁ;ought Events in Maximum Drought Severity Experienced in the Kizilirmak
. According to CZI Basin
Station Name
Extreme Severe Moderate Duration : . . Duration . Time .
Drought Drought Drought (Month) Severity Start Time End Time (Month) Severity (Year/Month) Time (Year)
Bafra 15 26 76 4.03 —1.48 2013/12 2015/3 16 —2.83 2014/3 1961, 2014, 2018, 2019, 2020
Bogazliyan 22 31 55 4.7 —1.58 2016/3 2018/5 27 -3.7 2017/5 2001, 2016, 2017
2017/5, 2018/4,
Boyabat 19 35 55 3.76 -1.91 1993 /12 1994/11 12 —7.92 2017/9 1983, 1994, 2003, 2017, 2018, 2020
Cankiri 18 31 60 3.63 —1.53 2007/5 2008/9 17 —2.75 1986/8 1973, 1974, 1986, 2007, 2008
icekdag: 11 20 51 3.73 -1.52 1973/6 1975/3 22 —2.46 2014/2 1974, 2012, 2013, 2014, 2020
&
Develi 24 18 61 5.42 —1.61 2013/12 2015/1 14 -291 2014/5 1985, 1989, 1995, 2012, 2014
1961, 1964, 1995, 2001, 2013, 2014,
Gemerek 25 31 57 4.35 -1.59 2018/4 2019/6 15 —3.52 2001/10 2017, 2018, 2019

1962, 1964, 1971, 1977, 1985, 1986,

ligaz 66 14 23 3.68 ~2.89 2006/7 2008/3 21 ~5.69 1962/8 5001 2003, 2002, 2007, 2008, 2013

2014, 2017, 2020

Kaman 9 40 71 3.64 —146 1973/10 1974/12 15 29 2005/1 1974, 1576, 2001, 2005, 2007, 2014,
Kastamonu 18 31 68 468 ~152 2006/8 2008/4 21 249 1964/5 1962, 1964, 1971, 1974, 1994, 1995,
2007, 2008
Kayseri 2 29 61 487 ~159 2016/3 2017/10 20 315 2016/6 1994, 2001, 2016, 2017
Keskin 15 2 85 29 144 2017/1 2018/4 16 314 2017/3 2005, 2007, 2017, 2018, 2020
Kirikkale 10 41 61 415 15 2007/2 2009/1 24 043 2007/10 1979, 2003, 2007, 2008
Kirgehir 7 0 85 479 —145 1973/6 1975/3 2 233 1995/2 1974, 1995, 2008
Osmanaik 7 29 46 373 147 1986/3 1987/2 12 274 2014/3 1977, 1986, 2013, 2014
Sivas 15 44 66 5 ~153 1973/6 1974/9 16 238 2014/5 1961, 1971, 1973, 1974, 2007, 2014
1964, 1974, 2001, 2007, 2008, 2012,
Tosya 17 27 76 462 147 2007/2 2008/8 19 27 2020/12 R TTa o
Urgiip 14 26 72 415 —148 2012/4 2014/10 31 —288 2014/5 2012, 2013, 2014
. 197672, 1977/3,
Vezirkoprii 10 36 71 3.77 —1.45 2013/10 2014/11 14 2.7 2014/4 1964, 1986, 2013, 2014
Yozgat 17 29 70 341 —149 1972/12 1975/3 28 247 1974/6 1973, 1974, 2001, 2014

Zara 18 28 53 55 -1.59 2017/3 2018/6 16 -3.23 2012/11 2012, 2013, 2014
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Table A4. Drought characteristics of the stations in the Kizilirmak Basin according to the ZSI results at a 12-month time scale.
e e Major Drought Events
Occurances Classification of Drought Events . . . .
. L t Durat f D ht Event: . . E d
Station Name (L)Cré)(;lr%}l\rt‘ Mt(())nztléi) Average Drought ongest Lura loﬁgnthgoug vents in Maximum Drought Severity t}):g‘leé‘:;ﬁfrem;{(l
8 Basin
Extreme Severe Moderate Duration : Start End Duration . Time .
Drought Drought Drought (Month) Severity Time Time (Month) Severity (Year/Month) Time (Year)
Bafra 12 26 78 4 —1.45 2013/12 2015/2 15 —2.83 2014/8 2014, 2020
Bogazliyan 19 31 57 4.65 —1.51 2016/3 2018/5 27 —2.58 2017/5 2001, 2016, 2017
Boyabat 1 12 73 3.74 -1.27 1993/12 1994/11 12 —2.03 2017/9 2017
Cankir1 8 33 65 3.66 —1.42 2007/5 2008/9 17 -25 2007/10 1973, 1974, 1986, 2007
Cicekdag1 5 24 53 3.73 —1.42 1973/6 1975/3 22 —2.22 2014/1 2012, 2014
Develi 24 19 60 5.42 —1.61 2013/12 2015/1 14 —3.36 2014/4 1985, 1989, 1995, 2012, 2014
Gemerek 5 44 64 4.35 —1.41 2018/4 2019/6 15 —-2.17 1995/3 1995, 2001, 2014
ligaz 0 3 55 3.22 —1.18 1962/1 1962/11 11 —1.68 1962/7 -
Kaman 4 28 84 3.63 —1.38 1973/10 1974/12 15 -23 2020/12 1974, 1976, 2014, 2020
Kastamonu 1 32 82 4.42 -1.35 2006/8 2008/4 21 —2.07 1994/9 1994
Kayseri 8 29 73 4.78 —1.43 2016/4 2017/10 19 —2.36 2016/11 1994, 2016
Keskin 14 17 90 2.88 -1.39 2017/1 2018/4 16 —2.46 2017/9 2005, 2007, 2017, 2018, 2020
Kirikkale 6 34 67 3.96 —1.42 2007/5 2009/1 21 —2.52 2007/10 2007, 2008
Kirgehir 7 39 86 5.08 —1.42 1973/6 1975/3 22 —-2.19 1974/8 1974, 1995, 2008
Osmancik 4 31 46 3.68 —14 1986/3 1987/2 12 —2.23 2014/2 2014
Sivas 18 44 62 4.77 —1.55 1973/6 1974/9 16 —2.42 1973/10 1961, 1971, 1973, 1974, 1984,
2007,2014
1964, 2007, 2012, 2013,
Tosya 12 28 80 4.62 —1.43 2007/2 2008/8 19 —241 2020/12 2014, 2020
Urglip 13 29 70 4.15 —1.48 2012/4 2014/10 31 —2.71 2012/9 2012, 2013, 2014
N 1976/2, 1977/3,
Vezirkopri 12 32 72 3.74 —1.49 2013/10 2014/11 14 -3.18 2014/4 1964, 1986, 2013, 2014
1971, 1973, 1974, 2001,
Yozgat 19 27 69 3.38 -1.5 1972/12 1975/3 28 —2.79 2001/10 2007, 2014
Zara 18 29 52 55 -1.6 2017/3 2018/6 16 —3.02 2014/5 2012, 2013, 2014
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