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Drought, which is a natural disaster that increases its effects day by day, can cause significant damage. Several drought 
indices were carried out to determine drought. By means of these indices, drought can be determined and necessary 
precautions can be taken against drought. In this study, an annual drought survey was conducted using the rainfall 
records of the Boyabat meteorological observation station in the Kizilirmak River Basin in the 1976-2017. In the drought 
analysis, the meteorological drought indices Z-Score Index, China-Z Index and Modified China-Z Index were used. The 
dry and wet periods of the station were determined by means of meteorological drought indices, and the driest and wettest 
years were also determined. In the study, which also examined the compatibility between indices, it was determined 
that the coefficient of determination values of MCZI-ZSI and MCZI-CZI were higher than the ZSI-CZI. Drought events in 
Boyabat region should be investigated using different indices.
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Etkilerini her geçen gün artıran bir doğal afet olan kuraklık, önemli zararlar verebilmektedir. Kuraklığı belirlemek için 
çeşitli kuraklık indeksleri yapılmıştır. Bu endeksler sayesinde kuraklık belirlenebilir ve kuraklığa karşı gerekli önlemler 
alınabilir. Bu çalışmada, Kızılırmak Havzasında Boyabat meteorolojik gözlem istasyonuna ait 1976-2017 yağış kayıtları 
kullanılarak yıllık kuraklık araştırması yapılmıştır. Kuraklık analizinde meteorolojik kuraklık endeksleri olan Z-Score 
Index, China-Z Index ve Modified China-Z Index kullanılmıştır. İstasyonun kurak ve yağışlı dönemleri meteorolojik 
kuraklık indeksleri aracılığıyla belirlenmiş, ayrıca en kurak ve en yağışlı yıllar da belirlenmiştir. Endeksler arası uyumun 
da incelendiği çalışmada, MCZI-ZSI ve MCZI-CZI korelasyon katsayısı ZSI-CZI’ye göre daha yüksek olduğu belirlendi. 
Boyabat bölgesindeki kuraklık olayları farklı endeksler kullanılarak araştırılmalıdır.
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INTRODUCTION

With the increasing effect of global climate change, the changes in the ecosystem are becoming more 
evident. The drought disaster, which occurs as a result of these effects, is severe and long-lasting (Mishra & 
Singh, 2011). It is difficult to cope with the drought disaster because it starts very slowly affecting large areas 
intensively over years (Sırdaş, 2002; Wilhite, 2000). Although local geographical and climatic characteristics 
are important in the emergence of this disaster, increased population, urbanization, greenhouse gases, which 
result from industrial activities, and destruction of nature also contribute to the emergence of it. It should not 
be forgotten that drought is a national and international problem threatening the entire civilization as a result 
of its effects on human life as well as natural resources. Various drought indices were developed in the past, 
and are used today to identify and monitor drought, which is a global issue (Palmer, 1945; Yao & Ding, 1990; 
McKee, Doesken, & Kleist, 1993; Willeke, Hosking, Wallis & Guttman, 1994; Wu, Hayes, Weiss, & Hu, 2001; 
Tsakiris, Pangalou, & Vangelis, 2007; Vicente-Serrano, Begueria, & Lopez-Moreno, 2010, Zarei et al., 2017; 
Tigkas, Vangelis, & Tsakiris, 2019; Bushra et al., 2019). 

Turkey, which is located in the middle belt with semi-arid climate characteristics, is struggling with drought. 
Researchers investigate and determine the effects of drought all over the country (Türkeş, 1996; Kömüşçü, 
2001; Yıldız, 2009; Kıymaz, Gunes, & Asar, 2011; Hınış, 2013; Oğuztürk & Yıldız, 2014; Akar, Oguz, & 
Yurekli, 2015; Gümüş, Başak, & Oruç, 2016; Dikici, 2019; Beden, Demir, & Ülke Keskin, 2020; Boustani & 
Ülke Keskin, 2020; Karabulut, 2020; Oğuz, Pekin, & Çamalan, 2021). Sırdaş and Şen (2003) reported in 
their study that was conducted for the 1930-1990 period that the severity of droughts gradually increased 
in Turkey. Sönmez, Komuscu, Erkan, & Turgu (2005) examined the drought of Turkey and found severe 
droughts in the Southeastern Anatolia region. Türkeş (2007) reported that large and severe droughts were 
experienced in Turkey in 1983, 1984, 1989, 1990, 1996, and 2001. Bacanli, Dikbas, and Baran (2011) 
reported that the Central Anatolian region was in danger of severe drought. Yıldız (2014) reported that the 
Central Anatolian Region was under the influence of high-frequency droughts in the 1953-2004 period. Arslan 
(2017), who examined the drought of Niğde between 1950 and 2015, reported that there was an increase 
in humidity. Zeybekoglu, Alrayess, and Ulke Keskin (2018) examined the drought of Sinop, Boyabat, and 
Erfelek meteorological stations for the period 1931-2013 by using SPI. Bacanlı and Kargı (2019) examined 
the droughts of the Bursa region for the period 1969-2015. The authors determined that the study area is 
prone to drought and stated that the region faces the danger of agricultural and hydrological drought. Yaltı 
and Aksu (2020), in their study which examined Iğdır plains, reported that the region was at risk of severe 
drought. Bakanoğulları (2020) examined the severity and frequency of droughts in Istanbul Çamlıdere Basin 
during the 1982-2006 period. Şener and Şener (2021) analyzed the droughts of the Burdur Lake basin with 
Geographic Information Systems. They reported that moderate and mild droughts were experienced in the 
basin in 2019.

This study, which investigated the drought in the Boyabat district of Sinop, consisted of two stages. In the first 
stage, annual drought status was determined by using the Z-Score Index (ZSI), China Z-Index (CZI), and 
Modified China Z-Index (MCZI). The relations between drought indices are examined in the second stage of 
the study.

MATERIAL AND METHOD
Material

Boyabat district of Sinop, which is located in the Kizilirmak Basin, shows terrestrial climate characteristics. 
The mean annual precipitation for the 1976-2017 period of the precipitation observation station operated by 
the Turkish State Meteorological Service in the district was 423.4 mm. During the observation period, the 
highest precipitation measured at the meteorology station was recorded as 919.9 mm in 1996, and the lowest 
precipitation was recorded as 197.60 mm in 2017. The 1991-1995 period was the longest in which less than 
average precipitation was recorded. The periods with the longer-than-average precipitation were found to be 
1988-1990, 1998-2000, and 2014-2016. The information on the observation station is given in Table 1, and 
the temporal distribution of rainfall is given in Fig.1.
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Table 1. Geographical and statistical details of station

ID Latitude (N) Longitude (E) Elevation (m)
Annual Rainfall (mm/year)

Min. Max. Ave. Std. Dev.
17620 41o 28’ 34o46’ 350 197.6 919.9 423.4 149.1

 
Figure 1. Temporal distribution of rainfall

Drought Indices

The Z-Score Index, China-Z Index, and Modified China-Z Index were used to determine the annual drought 
scores of the Boyabat in the 1976-2017 period. The advantages of these indices are expressed i) ease 
of calculation, ii) considers precipitation data only, iii) allowing incomplete data (Wu et al., 2001; Morid, 
Smakhtin, & Moghaddasi, 2006; Dogan, Berktay, & Singh, 2012; Jain, Pandey, Jain, & Byun, 2015; Kumar, 
Singh, Bisht, & Kant, 2021). Brief explanations about the drought indices are given in the continuation of the 
article, and detailed explanations are in the relevant references.

As given in Eq. 1, the Z-Score Index is obtained by dividing the difference between the relevant precipitation 
value (xi ) in the observation series and the mean of the series ( x ) by the Standard Deviation  (σ) of the series 
(Yao & Ding, 1990; Wu et al., 2001; Li, Li, Lu, Zhang, & Kim, 2019).

The China-Z Index is determined by performing the operation steps given in Eqs. 2-3, based on the assumption 
that precipitations fit the Pearson Type III distribution (Wu et al., 2001; Morid et al., 2006; Dogan et al., 2012).

In Eqs. 2-3, Cs given represents the skewness coefficient of the observation series, xi  represents the relevant 
precipitation, ZSI represents the Z-Score Index value, and n represents the number of observations.

The calculation of the Modified China-Z Index is similar to that of the China-Z Index; however, the median 
(Ø) value of the series is taken into account rather than the mean value of the series (Morid et al., 2006). The 
calculation of MCZI is performed with Eqs. 4-6.

(1)

(2)

(3)

(4)
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The draught categories of ZSI, CZI, and MCZI index values are given in Table 2 (McKee, Doesken, & 
Kleist,1995; Kutiel, Maheras, & Guika, 1996; Morid et al., 2006; Jain et al., 2015; Zarei et al., 2017).

Table 2. Classification of drought indices values
Class ZSI/CZI/MCZI
Extremely wet ≥2
Severely wet 1.5 ~1.99
Moderately wet 1.0 ~ 1.49
Normal −0.99 ~ 0.99
Moderately dry −1.0 ~ −1.49
Very dry −1.5 ~ −1.99
Extremely dry ≤−2

RESULTS

In the present study, the ZSI, CZI, and MCZI index values were calculated by using the annual total precipitation 
values of the Boyabat station in the 1976-2017 period. Figs. 2-4 was prepared with the ZSI, CZI, and MCZI 
indices.

Figure 2. Yearly ZSI values

 

(5)

(6)

Figure 3. Yearly CZI values
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Figure 4. Yearly MCZI values

According to the ZSI method, 1982 and 1993 were determined as moderate drought, and 2017 was determined 
as severe drought. The year 2000 was moderately humid, 1989 and 1999 were severely humid, and 1996 
and 1998 were very humid years. According to the CZI results, although it was determined that there was 
a moderate drought in 1982, 1993, 1995, and 2003, there was a very severe drought in 2017. When the 
humid years were evaluated, 2000 and 2014 were determined to be moderately humid, 1989, 1998 and 1999 
moderately humid, and 1996 very severe humid. When the MCZI values were evaluated, 2017 was the only 
year that was dry, and it was determined that there was a severe drought. 1983, 1990, 2000, 2009, 2014, and 
2016 moderately humid, 1989, 1998, and 1999 were severely humid, and 1996 was very severely humid. In 
the normal drought class, 34 years were classified as normal according to the ZSI index, 31 years according 
to the CZI values, and 32 years were classified as normal according to the MCZI results.

The drought index values of ZSI, CZI, and MCZI for 2017 were determined as the year of the most severe 
drought. The ZSI, CZI, and MCZI index values for 2017 were -1.50, -3.29, and -1.74, respectively. The year 
1996, when the annual total precipitation that was recorded during the observation period was maximum, 
was also determined to be the year when the humidity reached maximum value. In 1996, ZSI, CZI, and MCZI 
values were calculated to be 3.29, 2.35, and 2.47, respectively.

Scatter diagrams were prepared and the determination coefficients were calculated to examine the 
compatibility between the ZSI, CZI, and MCZI indices better. Scatter diagrams prepared with ZSI, CZI and 
MCZI values are shown in Figs. 5-7.

Figure 5. Scattter diagram of ZSI-CZI
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Figure 6. Scatter diagram of CZI-MCZ

 
Figure 7. Scatter diagram of ZSI-MCZI

When the scatter diagrams between the indices that are given in Figs. 5-7 are evaluated, it is seen that the 
indices have a good agreement with each other. The determination coefficient values were determined to be 
0.88 for the CZI-ZSI, 0.9477 for the MCZI-ZSI, and 0.9791 for the MCZI-CZI.

CONCLUSION

The annual drought was examined in the present study by using the annual total precipitation values between 
1976 and 2017 at the Boyabat meteorological observation station in Sinop. In the study which used ZSI, 
CZI, and MCZI, the droughts of the years in the observation period were determined. Scatter diagrams were 
prepared to determine the relations between the indices in the study, and 2017 was determined as the driest 
year, and 1996 was found to be the wettest year. It was also found that the agreement between MCZI-ZSI 
and MCZI-CZI was high. In future studies, uncovering the meteorological and hydrological drought in the 
Kızılırmak Basin, where Boyabat station is located, by using the indices in the literature will provide a better 
examination and evaluation of the situation in the basin.
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