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Abstract: Reducing the negative effects of drought disaster, which is one of the most important parameters affecting the
planning and management of water resources, has become very important today. Many methods have been proposed in the
literature for the calculation of drought, which is used to express the periods when precipitation is significantly less than the
average, and two of these methods, "Standardized Precipitation Index (SPI)" and "Reconnaissance Drought Index (RDI)" were
applied to the Yesilirmak basin in this study.12-month SPI and RDI analyzes were made and compared by using the monthly
precipitation and evapotranspiration totals of 8 stations in the Yesilirmak Basin for the period 1991-2020. The results show us
that the SPI and RDI methods generally give similar signals for wet periods, but the RDI method defines more extreme dry
periods than the SPI method in extreme dry periods. While the RDI method defines more extreme dry periods than the SPI
method; It was observed that the SP1 method defined more extreme wet periods than the RDI method. In drought analysis, using
an index based on more than one meteorological parameter (such as the RDI) will give more reliable results instead of using an
index based on a single parameter (i.e, SPI). It has shown in this study that the effect of evapotranspiration values in drought
calculation is very important by comparing it with RDI analysis and SPI analysis.
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Yesilirmak Havzasinda iki Farkh indeksle Kurakhk Analizi

Oz: Su kaynaklarmin planlanmasi ve yonetilmesini etkileyen en 6nemli parametrelerden birisi olan kuraklik afetinin olumsuz
etkilerinin azaltilmas1 konusu giiniimiizde olduk¢a 6nemli hale gelmistir. Yagislarin ortalamadan 6nemli miktarda daha az
diistiigli donemleri ifade etmekte kullanilan kurakligin hesabi igin literatiirde pek ¢cok yontem teklif edilmis ve bu yontemlerden
ikisi “Standartlastirlmis Yagis Indeksi (SP1)” ve “Kesif Kuraklik Indeksi (RDI)” bu ¢alismada Yesilirmak havzasma
uygulanmigtir. Yesilirmak Havzasi’nda bulunan 8 adet istasyonun 1991-2020 donemine ait aylik toplam yagis ve
evopotranspirasyon kullanilarak 12 aylik SPI ve RDI analizleri yapilip karsilastirilmistir. Elde edilen sonuglar, SPI ve RDI
yontemlerinin 1slak donemler igin genellikle benzer sinyalleri verdigini ancak asir1 kurak dénemlerde RDI yonteminin SPI
yontemine gore daha ¢ok asirt kurak dénem tanimladigini gostermistir. RDI yonteminin SPI yontemine gore daha fazla asir
kurak donemler tanimlarken; SPI yontemi ise RDI yontemine gore daha fazla asiri 1slak donem tanimladigi gézlenmistir.
Kuraklik analizinde tek parametreye bagli bir indeks (6rnegin SPI) kullanmak yerine birden fazla meteorolojik parametreye
dayali indeks (RDI gibi) kullanmak daha giivenilir sonuglar verebilecegi diisiiniilmektedir. Bu ¢alisma ile evopotranspirasyon
parametresinin kuraklik analizindeki 6nemi RDI ile SPI indekslerinin karsilastirilmasi ile gosterilmistir.

Anahtar Kelimeler: Standartlastirilmig yagis indeksi, kesif kuraklik indeksi, yagis, yesilirmak havzasi.

1. Introduction

Drought is a natural disaster that develops slowly,
whose beginning and end cannot be determined
precisely, and which has negative effects on the lives of
living things. Drought is a problem with very important
socio-economic consequences that complicate the
planning and management of water resources,
negatively affect economic life, and may cause a
decrease in agricultural production, resulting in famine,
hunger, death and migration. Since Turkey has very
different climatic zones due to its geographical location
and structure, the hydroclimatic parameters, especially

the precipitation factor, which has the greatest effect on
drought, show great temporal and spatial changes in our
country (Sen, 2001).

When drought occurs, decreases are observed in
many hydrological variables such as precipitation,
stream flow, soil moisture, snowpack, groundwater
levels, and reservoir storage (Oztiirk, 2017). Drought is
divided into different categories according to the types
of environments in which the decrease occurs. For
example,  decreases in  precipitation  cause
meteorological droughts, decreases in soil moisture
cause agricultural droughts, and decreases in stream
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flow cause hydrological droughts (Dracup et al., 1980).
While these reductions in different types/environments
tend to be positively correlated and likely respond to the
same trigger, they show different temporal and spatial
scales. Therefore, generating a general drought
indicator/index that covers reductions in many species
and related temporal scales is difficult because of the
complex dependencies in the wvariables used to
characterize droughts. Given their uncertain nature, the
status of droughts is often evaluated with various indices
derived from hydrological variables (Dabanli1 2017).

Drought indices are key tools for measuring drought
descriptions and implementing drought plans (Wilhite et
al., 2007). Hydro-meteorological drought indices can be
divided into three groups according to the number of
applied hydro-meteorological variables. These are:
univariate (eg Standardized Precipitation Index (SPI)
(McKee et al. 1993), Streamflow Drought Index (SDI)
(Nalbantis  and  Tsakiris  2009), bivariate
(Reconnaissance Drought Index) (RDI) (Tsakiris and
Vangelis 2007; Tigkas et al. 2013)) and multivariate (eg
Aggregated Drought Index (ADI) (Keyantash and
Dracup 2004)).

In this study, drought analyzes were performed using
univariate Standardized Precipitation Index (SPI) and
bivariate Exploratory Drought Index (RDI) methods

Table 1. Statistics of precipitation stations
Tablo 1. Yagus istasyonlart istatistikleri

using eight meteorological stations and monthly
precipitation totals and average temperatures in the
Yesilirmak Basin for the years 1991-2020. These
indices are preferred because they are the most preferred
indices. For the 12-month precipitation totals for the
basin, dry and rainy periods were determined and
compared.

2. Materials and Methods

2.1. Data and Basin

The Yesilirmak Basin, where the study was
conducted, is a precipitation basin with an area of 39626
km?, covering the Central Black Sea Region of Turkey,
located approximately between the coordinates of 38°-
42° North and 33°-38° East. A data set of at least 30
years is needed to perform SPI and RDI drought
analyzes properly. Among the meteorological
measurement stations in the basin, 8 (eight) stations
have been identified that meet the requirement of having
30 years of precipitation, temperature and
evopotranspiration (ETo) data between 1991-2020.
These stations are Samsun, Corum, Amasya, Tokat,
Zile, Turhal, Susehri and Sebinkarahisar stations.
Yesilirmak basin and the stations used in the basin are
shown in Figure 1. The basic statistical values of these
precipitation stations are shown in Table 1.

Average Standard Distortio Maximum Minimum
(mm/month) Deviation n (mm/month) (mm/month)
Samsun 60.65 39.62 1.28 269.80 0.00
Corum 37.37 31.03 1.66 220.10 0.00
Amasya 39.16 29.16 0.90 144.60 0.00
Tokat 36.89 27.23 0.85 141.00 0.00
Zile 36.43 29.56 1.15 154.10 0.00
Turhal 36.53 29.16 1.03 143.60 0.00
Susehri 34.54 26.69 1.12 164.20 0.00
Sebinkarahisar 46.85 33.36 0.78 170.40 0.20

2.2. Standardized Precipitation Index

The SPI method, which is accepted and widely used
in the world for drought analysis, was developed by
McKee et al. (1993). It is a dimensionless drought index
that can be applied to regions with different climatic and
geographical features in the world and that allows
monitoring and comparison of droughts occurring in
different periods. It is seen as a deficiency in that it can
only be calculated based on precipitation data, but it also
provides the opportunity to compare different regions
together and interpret the results. The path followed in
the SPI calculation can be summarized as follows: First,
the best fit probability distribution is determined for the
precipitation data obtained from the monthly
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precipitation totals. After the additive probability
function is determined, the standard z-score value in the
standard normal distribution corresponding to the
probabilities of the precipitation totals gives the SPI
value, which is the drought equivalent of that
precipitation (Guttman 1998). Gamma distribution
recommended by Thom (1958) is generally used in the
literature as the most appropriate distribution in SPI
calculations. In this study, however, this assumption
was not followed and the most appropriate distribution
for each station was determined separately.

In the SPI evaluation, negative values indicate dry
periods and positive values indicate wet periods. It is
recommended to use at least 30 years of complete
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monthly precipitation data for SPIl analysis. The
classification of drought classes given in Table 1 is used

in the SPI evaluation (McKee 1993, Velmes 1998, Hinis
2013, Yiiceerim 2021, Esit 2021, Zarei et al. 2021).
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Figure 1. Yesilirmak basin and stations used in the study

Sekil 1. Yesilirmak havzasi ve ¢calismada kullanilan istasyonlar

2.3. Reconnaissance Drought Index

The ox values required for the estimation of the
values of the RDI index in the k-reference periods were
determined from the following relationship.

3k
Zj:1pij

T, =1..N k=1234 1)

ay =

In Equation 1, P and ETojj are the total precipitation
and reference crop water consumption (ETo) of the ith
year and jth month. The RDI index is obtained by
dividing the difference between the calculated (al)
values and the calculated («.) values by the standard
deviation of the calculated (a) values for a selected
time period (k-reference period). The normalized RDI is
obtained by Equation (2):

Olk

ot @

Oq

RDI =

Uo and gy, are the mean and standard deviation of

ay, respectively. In order to obtain RDI values from this
relationship, «;, values should show a normal
distribution (Tsakiris et al. 2007, Yiirekli et al. 2010).

The Standardized RDI (RDIst) is calculated,
assuming that the ao values fit the lognormal
distribution. Similar to the SPI calculation method,
RDIst is given by Equation 3 and Equation 4;

In (¢f) = yi 3)
. ®_5
@) _ Y Yk
RDI ) = o (4)

ylgi) expression isln (af)i)), Yk is the arithmetic

average of y,gi) and Gy, is standart deviations (McKee
1993, Velmes 1998, Tsakiris et al. 2007, Esit 2021,
Zarei et al. 2021, Velez-Sanchez 2021).

Classification of RDI is similar to the SPI and given
in Table 2.
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Table 2. SPI and RDI classificaiton
Tablo 2. SPI ve RDI suniflandiriimasi

SPI and RDI Values

Drought Categories

>2 Extreme Wet (W3)
1,50 ~1,99 Wet (W2)
1,00~1,49 Moderate Wet (W1)
0,99 ~ -0,99 Normal (N)
-1,00 ~-1,49 Moderate Drought (D1)
-1,50 ~-1,99 Drought (D2)
<-2 Extreme Drought (D3)

(McKee 1993, Velmes 1998, Tsakiris et al. 2007, Esit 2021, Zarei
et al. 2021, Velez-Sanchez 2021).

3. Findings and Discussions
3.1. Best Fit Probability Distribution
In order to conduct SPI drought analyses of (eight)
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stations determined in the Yesilirmak basin, first of all,
the best fit probability distribution functions were
determined for the 12-month precipitation totals of these
stations in the years 1991-2020. For this purpose,
Matlab (2017b) program was used. The best fit
distributions and stations identified are shown in Table
2. Kolmogorov-Smirnov (K-S) test and Chi-square test
were used for the checking the suitability of the
distributions, and the probabilities obtained from the K-
S test are given in Table 3.

The best fit distributions determined for all stations
in the basin were observed and the theoretical
distribution results are shown in Figure 2 to 5.
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Figure 2. Observed and theoretical distribution funcitons for best fit distributions (Samsun, Corum)
Sekil 2. En uygun dagilimlar i¢in gozlenmis ve teorik dagilim ¢ikti grafikleri (Samsun, Corum)
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Figure 3. Observed and theoretical distribution funcitons for best fit distributions (Amasya, Tokat)
Sekil 3. En uygun dagilimlar icin gozlenmis ve teorik dagilim ¢ikti grafikleri (Amasya, Tokat)

154



GEYIKLI et al. / JAFAG (2022) 39 (3), 151-160

ZIIE ., GAMMA Distribution, PWM Method

TURHAL , LOGIST Distribution, ML Method
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Figure 4. Observed and theoretical distribution funcitons for best fit distributions (Zile, Turhal)
Sekil 4. En uygun dagilimlar icin gozlenmis ve teorik dagilim ¢ikti grafikleri (Zile, Turhal)
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Figure 5. Observed and theoretical distribution funcitons for best fit distributions (Zile, Turhal)
Sekil 5. En uygun dagilimlar igin gozlenmis ve teorik dagilim ¢ikti grafikleri (Zile, Turhal)

Table 3. Best fit probability distributions of stations in the study area for 12-month precipitation totals and
probability of K-S test results
Tablo 3. 12 aylik yagis toplamlart igin ¢alisma alamindaki istasyonlarm en uygun olasilik dagilimlar: ve K-S test

sonuc¢larmmn olasiliklart
Station No  Station Name Method Best Fit Distribuiton Function Test p-value
17030 Samsun L-Moments Normal Kolmogorov-Smirnov 0,928
17084 Corum Moments Log-Normal 3 Kolmogorov-Smirnov 0,968
17085 Amasya Moments Log-Normal 3 Kolmogorov-Smirnov 0,738
17086 Tokat Moments Weilbul Kolmogorov-Smirnov 0,755
17681 Zile L- Moments Gamma Kolmogorov-Smirnov 0,752
17683 Turhal Maximum Likelihood Logistic Kolmogorov-Smirnov 0,885
17084 Susehri Maximum Likelihood Logistic Kolmogorov-Smirnov 0,528
17682 Sebinkarahisar ~ Maximum Likelihood Normal Kolmogorov-Smirnov 0,952
3.2. Drought Analysis determined from the 12-month precipitation totals

The standard z-score values of the cumulative
probability values were transformed from the normal

distribution and

it was calculated and SPl was

belonging to the 30-year (1991-2020) data set, the best
fit probability distributions of which were determined.
The ETyg values required for the RDI analysis of the
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30-year (1991-2020) data set were used by the DRINC  precipitation totals are given in Figure 3-10 and the
(Drought Index Calculator) program (URLL). percentage values of the observed frequencies for each

SPI_12 and RDI_12 drought indices of eight stations  drought class obtained from these indices are given in

used in the study area calculated for 12-month  Table 4.
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Figure 6. Drought analysis results for Samsun stations
Sekil 6. Samsun istasyonu igin kuraklik analiz sonuglar
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Figure 7. Drought analysis results for Corum stations
Sekil 7. Corum istasyonu i¢in kurakitk analiz sonuglart
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igure 8. Drought analysis results for Amasya stations

Sekil 8. Amasya istasyonu i¢in kurakitk analiz sonuglari
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Figure 9. Drought analysis results for Tokat stations
Sekil 9. Tokat istasyonu igin kuraklik analiz sonuglar
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Figure 10. Drought analysis results for Zile station
Sekil 10. Zile istasyonu igin kuraklik analiz sonuglar
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Figure 11. Drought analysis results for Turhal station
Sekil 11. Turhal istasyonu igin kuraklik analiz sonuglar
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Figure 12. Drought analysis results for Susehri station

Sekil 12. Susehri istasyonu i¢in kuraklik analiz sonuglar
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Figure 13. Drought analysis results for Sebinkarahisar station
Sekil 13. Sebinkarahisar istasyonu i¢in kuraklik analiz sonug¢lar

Table 4. Drought results frequency percentages for Yesilirmak basin stations
Tablo 4. Yesilirmak havzasi istasyonlari icin kuraklik sonu¢lart frekans yiizdeleri

Drought Extreme Wet Moderate Normal Moderate Drought Extreme

Categories Wet Wet Drought Drought
SPI 12 (%) 43 6.0 129 656 4.9 5.2 11
SAMSUN RDI 12 (%) 0.3 5.2 115 67.9 6.0 5.2 4.0
SPI 12 (%) 3.7 46 8.0 66.5 100 4.6 26
CORUM RDI 12 (%) 23 2.9 8.0 725 8.0 3.2 3.2
SPI 12 (%) 43 43 8.9 68.2 7.7 3.2 3.4
AMASYA RDI 12 (%) 14 34 100 69.1 8.3 43 34
SPI 12 (%) 2.6 6.9 8.6 66.2 7.2 5.4 3.2
TOKAT RDI 12 (%) 0.3 5.4 123 645 8.9 4.9 3.7
JiLE SPI 12 (%) 3.2 4.0 7.7 67.9 8.3 5.2 3.7
RDI 12 (%) 14 3.7 9.7 736 5.7 23 3.4
SPI 12 (%) 3.2 5.4 8.3 63.0 14.0 3.7 23
TURHAL RDI 12 (%) 11 4.9 7.4 68.8 117 3.2 2.9
. SPI 12 (%) 0.0 2.0 120 65.6 8.6 5.7 6.0
SUSEHRI RDI 12 (%) 0.0 2.0 9.2 75.1 6.0 2.9 4.9
. . SPI 12 (%) 0.0 4.9 103 67.9 9.5 3.7 3.7
SEBINKARAHISAR RDI 12 (%) 0.0 2.9 132 67.9 9.2 23 46

If it is accepted that the drought index calculated basin was 2014.

according to the 12-month precipitation totals can
reflect the hydrological drought; In all of the stations
given in Figure 3-Figure 10, it is seen that the year of
the most severe hydrological drought in the Yesilirmak
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When we look at the basin in general, it is seen that
the drought analysis made according to both the SPI
method and the RDI method at all stations are quite
compatible with each other. Differences between RDI
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and SPI analyzes are seen in the occurrence of extremely
dry and extremely wet periods. In the calculations made
with the RDI method, it was seen that the extreme dry
periods were seen more frequently than the SPI method,
on the other hand, the frequency of the extremely wet
periods was more frequent in the calculations made
according to the SPI method compared to the RDI
method. It is seen that normal and moderate dry periods
are more common in the SPI method than in the RDI
method at the Susehri and Sebinkarahisar stations
located in the easternmost part of the basin. In both
drought methods, no extreme wet periods were observed
until 2008 in the central part of the Yesilirmak basin
(Amasya, Zile, Turhal, Tokat stations).

Looking at Table3; While it is seen that normal
periods give closer values each other in both drought
index methods, it is seen that there are differences for
other drought classes. In the Samsun station, extreme
wet periods were observed in 4.3% of all times in the
SPI analysis, while in the RDI analysis, extreme wet
periods were calculated only in 0.3% of all times. On the
other hand, in this station, according to the SPI method,
extreme dry periods were observed at 1.1% of all times,
while according to the RDI method, extremely dry
periods were observed at 4% of all times.

When Corum station results are examined, the
number of normal periods calculated by SPI is higher
than RDI. No significant difference was observed
between the number of wet and dry periods in both
methods.

It has been calculated that extreme dry and dry times,
which are seen at all times in all stations except Sugehri
and Zile, are seen more in the RDI method than in the
SPI method.

In terms of extremely wet periods; In Susehri and
Sebinkarahisar, which are in the easternmost part of the
basin, excessive wet periods were not calculated in both
methods, but at other stations, more extreme wet periods
were calculated in terms of time percentage in SPI
method compared to RDI method. For example;
Extreme wet periods for Amasya station were calculated
as 4.3% for SPI and 1.4% for RDI at all times. The fact
that the periods calculated with the SP1 method are more
than the periods calculated with the RDI method was
also observed for the wet periods. For example; The
percentage of wet period in Samsun station was 6% in
SP1 method and 5.2% in RDI method.

4. Conclusions
In this study, according to 12-month precipitation
totals for Samsun, Corum, Amasya, Tokat, Zile Turhal,

Susehri and Sebinkarahisar stations, which meet the
requirement of having 30 years of monthly precipitation
totals and ETo data between 1991 and 2020 in
Yesilirmak basin, two different drought indices (SPI and
RDI methods) were used to analyze the drought RDI
drought indices calculated using precipitation and
evapotranspiration (ETo) data with the SPI method
calculated only based on precipitation data, and drought
analysis in the Yesilirmak basin were performed and the
results of the two methods were compared.

When the results summarized in Figure 3-through
Figure 10 and Table 3 are examined, it is seen that the
RDI method calculates the extreme dry periods more
severely than the SPI method; On the other hand, it has
been observed that the SP1 method calculates the wet
periods more severely than the RDI method. For
example, while the SPI index for Turhal station was
calculated at about -2.5 in the period of April 2014, the
RDI index was calculated at about -3.7 for the same
period, emphasizing that the extremely dry period was
more severe. Although both methods generally calculate
the same signal for the same periods (dry-wet period)
similarly, it was observed that the RDI index was
calculated more severely for the dry periods. The
calculation of drought values more severely directs
scientists to calculate droughts with different indices. It
is considered that calculating drought using at least 2
parameters gives more reliable results than calculating
drought using only one parameter.The most important
result of this study is that it has shown that the effect of
ETO values in drought calculation is very important by
comparing it with RDI analysis and SPI analysis.
Because drought suggests that not only the insufficiency
of precipitation, but also other affecting hydro-
meteorological parameters should be taken into account.
To develop drought analysis, it is recommended to make
calculations by using 2 or more meteorological
parameters together, to detect trends and develop new
methods.
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