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Abstract
In recent years, drought due to climate change cause significant negative effects on hydrological processes and water budget 
in many river basins around the world. Drought indices are used to determine the spatial and temporal characteristics of 
drought events. They are based on single or multiple variables and applied in different countries for the assessment of drought. 
Drought events occur frequently in Turkey, which has semi-arid climate characteristics. Drought is one of the most damaging 
natural disaster affecting many regions of Turkey. In this study, the capacity of the China-Z Index (CZI) and the Standard-
ized Precipitation Index (SPI) were compared to identify drought periods at different time scales in the Hirfanli Dam basin 
in central Turkey. For this purpose, monthly precipitation data from 1960 to 2017 collected from six meteorological stations 
located within the basin were used. The SPI and CZI values were calculated at 1-, 3-, 6-, 9- and 12-month time scales, and 
the results were compared. The relationships between the outputs of the drought indices were statistically examined. The 
results indicated that the SPI and CZI values have high correlation coefficients at long time scales (9 and 12 months). It 
was observed that as the time scale decreased, the correlation between the two drought indices gradually weakened. It was 
determined that both indices can be utilizied for drought forecasting studies at relatively longer time scales in the study area. 
It is thought that the results of the study will contribute to the regulation of the management and planning of water resources 
in river basins in accordance with climatic changes that has become more important in recent years.
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Introduction

Natural disasters have had enormous impacts on human life 
through the course of history. One of the most important 
of these natural disasters is drought. From the past to the 
present, there is no single definition of drought accepted by 

different disciplines. In general, the occurrence of precipita-
tion below normal or below average in any part of the earth 
and in a certain period of time has been taken as a basis, 
and also rainfall deficiency, long duration of drought and 
adverse effects have become common terms in many defi-
nitions of drought. One such definition is that drought is a 
natural phenomenon that results in adverse effects on land 
and water resources and the disruption of the hydrologi-
cal balance when precipitation falls significantly below the 
normal level (Wilhite and Glantz 1985). Drought caused 
by lack or scarcity of water adversely affects the life of all 
living things in many areas, in different time periods and in 
various intensities. Depending on its affected area, various 
definitions of drought have been developed in the literature. 
Among them, meteorological, hydrological, agricultural and 
socio-economic drought definitions are the most common. 
While the decrease in precipitation in any month can have an 
immediate effect on soil moisture in a relatively short time 
(1–3 months), groundwater and rivers are affected over a 
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longer period of time (3–6 months). As a result of the pre-
cipitation being below the long-term average, it has caused 
new meteorological drought events, and after that, it has led 
to the occurrence of agricultural, hydrological and socio-
economic droughts.

Drought has negative effects on both natural and modi-
fied environments, including agricultural activities, which are 
reflected in social and economic costs. The environmental and 
social problems associated with drought are growing rapidly 
due to climate change, rapid increase of the global popula-
tion, the destruction of natural vegetation and desertification 
and have reached dimensions that threaten large segments of 
humanity. In order to understand and ultimately to mitigate 
the effects of drought, it is necessary to define and monitor 
the process of drought in detail. Many drought indices have 
been developed to characterize drought and to determine the 
relationship between drought and climate parameters. They 
can be used to determine the spatial and temporal characteris-
tics of droughts range from the use of a single meteorological 
parameter such as precipitation to the use of complex meth-
ods involving many variables, such as the Palmer Drought 
Severity Index (PDSI; Palmer 1945), Rainfall Anomaly Index 
(Van Rooy 1965), Deciles Index (DI; Gibbs and Maher 1967), 
Palmer Hydrologic Drought Index (PHDI; Karl 1983; Guttman 
1991), Z-Score Index (ZSI; Yao and Ding 1990), Standard-
ized Precipitation Index (SPI; McKee et al. 1993), Percent of 
Normal Index (PN; Willeke et al. 1994), Effective Drought 
Index (EDI; Byun and Wilhite 1999), China-Z Index (CZI; 
Wu et al. 2001), Reconnaissance Drought Index (RDI; Tsa-
kiris et al. 2007), Streamflow Drought Index (SDI; Nalbantis 
2008) and Standardized Precipitation Evapotranspiration Index 
(SPEI; Vicente-Serrano et al. 2010). These drought indices 
have been applied in many parts of the world to determine the 
existence of drought and analyze its relationship with weather 
and climate (Lloyd-Hughes and Saunders 2002; Deo and Sahin 
2015; Ionita et al. 2016; Gumus and Algin 2017; Yacoub and 
Tayfur 2017; Ramkar and Yadav 2018; Shin et al. 2018; Wam-
bua et al. 2018; Bacanli and Aksan 2019; Yenigun and Ibrahim 
2019; Altin et al. 2020; Sobhani and Zengir 2020; Kumanlio-
glu 2020; Abbas and Kousar 2021; Habibi and Meddi 2021; 
Khan et al. 2021; Mohammed and Yimam 2021; Poonia et al. 
2021a, b). In addition, the performances of drought indices 
have been compared in several studies (Wu et al. 2001; Morid 
et al. 2006, Pandey et al. 2008; Dogan et al. 2012; Vicente-
Serrano et al. 2015; Adnan et al. 2018; Ortega-Gómez et al., 
2018; Garcia-Leon et al., 2019; Wable et al. 2019; Katipo-
glu et al. 2020; Liu et al., 2020; Vergni et al. 2021; Yuce and 
Esit 2021). A comparative study was conducted for drought 
monitoring four meteorological stations located in China with 
three drought indices (SPI-CZI-ZSI) by Wu et al (2001). Morid 
et al. (2006) applied and compared seven drought indices 
(CZI-Modified CZI-PN-SPI-EDI-ZSI-DI) for monitoring the 
drought of Tehran province in Iran. Dogan et al. (2012) applied 

six drought indices (PN-DI-ZSI-CZI-SPI-EDI) for monitoring 
drought in Konya Closed basin, Turkey, and compare results 
of drought indices. Jain et al. (2015) monitored drought in Ken 
River Basin with six drought indices (SPI-EDI-ZSI-CZI-Rain-
fall Departure-DI). They also compared the performances of 
the drought indices with each other. In order to monitoring the 
drought in another study for China, three drought indices (CZI-
PN-Soil Moisture Index) were applied in Henan Province by 
Wang et al (2017). Zarei et al. (2017) compared four drought 
indices (CZI-ZSI-SPI-EDI) for analysis of drought in Cha-
harmahal-Bakhtiari province, Iran. Khan et al. (2018) inves-
tigated the variability of droughts by applying four drought 
indices (SPI-SPEI-RDI-EDI) to five meteorological stations in 
the Songhua River basin in China. Myronidis et al. (2018) uti-
lized ten drought indices (DI-EDI-PDSI- Palmer Z index- Self-
calibrated PDSI-SPI-SPEI-CZI-ZSI-RDI) for drought monitor-
ing in OR, USA. Nedham and Hassan (2019) were assessed 
using three drought indices (SPI-Percentage of Precipitation 
Anomaly-ZSI) for drought in Iraq. Three drought indices (SPI-
RDI-SPEI) were employed to study the variation of drought 
characteristics in the Ghataprabha river basin, India by Pathak 
and Dodamani (2019). Payab and Turker (2019) compared and 
evaluated the performances of six drought indices (CZI-SPI-
RDI-Supply and Demand Drought Index-combined China-Z 
and Supply and Demand Drought Index-ZSI) for the northern 
part of Cyprus. Bushra et al. (2019) applied three drought indi-
ces (PDSI-PHDI-Normalized Difference Vegetation Index) for 
monitoring drought in a five-state region of the South Central 
United States. Sener and Sener (2021) determined the drought 
condition in the Burdur Lake basin, Turkey, with SPI and CZI 
and compared performances of the indices with each other. 
Yuce and Esit (2021) monitored the drought using ten drought 
indices (SPI, SPEI, scPDSI, CZI, MCZI, RAI, RDI, DI, PNI, 
and ZSI) in the Ceyhan basin, Turkey. In addition, the authors 
examined the compatibility of the indices with each other at 
various time scales.

As can be understood from the literature review, the CZI 
method, which is also preferred in this study, is widely used 
successfully by researchers in detecting drought all over the 
world. The main reason why CZI is preferred is that it has 
the simplicity of calculation compared to SPI and allows 
incomplete data in determining the severity of the drought 
(Wu et al. 2001; Morid et al. 2006; Dogan et al. 2012; Jain 
et al. 2015; Kumar et al. 2021).

Regions with arid and semi-arid climates are more sensi-
tive to climate change. Located in a semi-arid region, Tur-
key experiences frequent drought events depending upon 
atmospheric states, physical geography factors and climate 
conditions. And also the spatial and temporal distribution of 
precipitation varies according to regions and seasons. This 
situation affects the water use in the basins and causes water 
shortage. So the effects of the drought can be minimized if 
its spatial and temporal alterations are observed closely. In 
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this study, drought was analysed by using drought indices 
for the Hirfanli Dam basin that has semi-arid climate char-
acteristics in the Kizilirmak River basin in the central of 
Turkey. This study aimed to compare the performance of two 
rainfall-based drought indices, SPI and CZI. It also enables 
both the determination of the conditions of drought indices 
at different time scale (1-, 3-, 6-, 9- and 12-month scale) 
and the evaluation of the applicability of CZI. Before the 
drought analysis, Chi-square test was performed to evaluate 
whether data members of the same population. As far as the 
authors know, this is the first time that CZI is applicable to 
the Hirfanlı Dam basin with this study.

Materials and methods

Study area

The sub-basin containing the Hirfanlı Dam, which is 
located between longitudes 33.3° E and 38.7°E and lati-
tudes 38.3°N and 40.1° N, is within the Kızılırmak River 
basin and has a surface area of approximately 26,700 km2. 

The Kızılırmak river with 1355 km length is the one of 
the major water resources of the country, and it has long 
term annual average flow rate of 185 m3/s its outlet to 
the Black sea. The river transports an average of 831 mil-
lion m3 of water per year to the Black Sea. Hirfanlı Dam, 
which was built on the Kızılırmak River in 1959 for flood 
control and hydropower purposes, has a surface area of 
263 km2 and a reservoir volume of 5980 hm3 at normal 
water surface level. The monthly average flow to the dam 
is approximately 77.42 m3/s. Hirfanli Dam basin has high 
topographic characteristics and shows mountainous pla-
teau features. In the basin, the altitude varies between 799 
and 3880 m (Fig. 1) and also decreases from the east to 
the west. Plateau and meadows are more common in the 
west part of the basin. The mountains of volcanic origin 
that are found one by one in this region attract attention, 
and there are wide plains around these mountains. Erciyes 
Mountain is one of the most important volcanic origin 
mountains in the basin. The eastern part of the basin has 
high, rugged and mountainous plateau characteristics, and 
the low hills are the most important surface elements in 
the region. Typical dry climate is dominant in the basin. 

Fig. 1   Location and elevation of the study area and spatial distribution of the meteorological stations used
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The mean temperature is around 10 °C and the regional 
mean annual precipitation of about 417 mm which is 
about 65% of the country average. Basin is dominated 
by convective and frontal precipitation in general. The 
maximum precipitation is seen during the spring months 
April and May; the least amount of precipitation is seen 
in the summer months July and August in the basin. The 
Hirfanli Dam basin covers plateaus and also meadows 
and pastures for animal grazing and wide plains dominate 
for agriculture. Because of this, agriculture is a major 
economic sector in the basin and wheat, barley, potato 
and sugar beet are important agricultural products (Yıldız 
2014).

Monthly rainfall data from the Gemerek, Kayseri, 
Kirsehir, Nevsehir, Sivas and Zara meteorological sta-
tions were obtained from the Turkish State Meteorologi-
cal Service (TSMS) (Fig. 1). Statistical characteristics of 
the rainfall data (minimum, maximum, mean, standard 
deviation (SD), skewness and kurtosis) and the station 
locations are shown in Table 1 and 2.

Chi‑square test

The Chi-square test was used to determine the most appro-
priate statistical distributions for the precipitation data 
(Cochran 1952; Haan 1977; Yuan et al. 2018).

The Chi-square test statistic χ2 is generated with Eq. 1 
(Sharma and Singh 2010; Khudri and Sadia 2013; Sukrutha 
et al. 2018).

where Qi and Ei are the observed and expected frequen-
cies, respectively, in the ith cell; n is a number of intervals; d 
denotes the number of degrees of freedom; and p is the num-
ber of parameters used in fitting the proposed distribution. 
The null hypotheses (H0) of the Chi-square test is that there 
is no difference between estimated and observed values and 
that the tested distribution describes the observed data, while 
the alternative hypothesis (H1) is that the tested distribution 
does not describe the observed data. The null hypothesis 
is rejected if χ2 is greater than the critical value which is 
determined from the χ2 distribution with a significance level 
of ‘d’ degrees of freedom (Alghazali and Alawadi 2014).

China‑Z Index

Variations of the CZI have been used by the Chinese 
National Climate Center to monitor the drought situation 
across the country since 1995 (Wu et al. 2001; Dogan 
et al. 2012; Jain et al. 2015). The CZI is based on the Wil-
son–Hilferty cube-root transformation distribution (Wil-
son and Hilferty 1931; Kendall and Stuart 1977; Wu et al. 
2001; Morid et al. 2006; Zarei et al. 2017) and assumes 
that precipitation data obey the Pearson Type III distribu-
tion (Wu et al. 2001; Garcia-Leon et al. 2019; Payab and 
Turker 2019). The classes of CZI values are presented in 
Table 3.

The CZI is computed as

(1)X
2
=

∑n

i=1

(

Qi − Ei

)2

Ei

, d = n − p − 1

Table 1   Statistical parameters 
for rainfall data recorded at 
the six weather stations in the 
Hirfanli Dam basin in central 
Turkey

Meteorological 
Stations

Monthly rainfall records of 1960–2017 (mm)

Mean Min Max SD Skewness Kurtosis

Gemerek 33.29 0 160.00 27.24 1.07 1.51
Kayseri 32.46 0 164.70 25.85 0.93 0.98
Kirsehir 31.96 0 161.40 26.82 1.04 1.26
Nevsehir 34.41 0 148.80 27.54 0.81 0.43
Sivas 36.58 0 154.80 28.29 0.85 0.64
Zara 43.83 0 171.40 33.90 0.90 0.61

Table 2   The meteorology 
stations utilized in the study

Meteorological 
stations

Altitude (m) Latitude (°N) Longitude (°E) Monthly rainfall data (month)

Gemerek 1182 39.18 36.08 1960–2017 (696 months)
Kayseri 1094 38.68 35.50 1960–2017 (696 months)
Kirsehir 1007 39.16 34.15 1960–2017 (696 months)
Nevsehir 1260 38.61 34.70 1960–2017 (696 months)
Sivas 1294 39.74 37.01 1960–2017 (696 months)
Zara 1338 39.89 37.74 1960–2017 (696 months)
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where Cs is the coefficient of skewness, n is the total 
number of months in the record, ∅j is a standardized vari-
ate (also called the Z-Score) and xj is the precipitation in 
period j.

Standardized Precipitation Index

The SPI is a widely used index to evaluate meteorological 
drought at different time scales (Bonaccorso et al. 2003; 
Khan et al. 2018). The SPI was developed by McKee et al. 
(1993). The classes of SPI values are presented in Table 3. 
Computation of the SPI involves fitting a gamma prob-
ability density function to a given time series of precipita-
tion data (McKee et al. 1993), whose probability density 
function, g(x), is defined in Eq. (3) (Sonmez et al. 2005; 
Yacoub and Tayfur 2017, 2020).

where α > 0 is the shape parameter, β > 0 is the scale 
parameter and x > 0 is the amount of precipitation (Lloyd-
Hugnes and Saunders 2002; Wu et al. 2005; Bacanli 2017). 
Γ(α) is the gamma function which is defined in Eq. (4) 
(Tsakiris and Vangelis 2005; Alami et al. 2018).

α and β are the shape and scale parameters, respectively, 
which can be estimated as follows (Thom 1958; Yacoub and 
Tayfur 2020):

(2)CZIj =
6

Cs

�

Cs

2
∅j + 1

�

1�

3
−

6

Cs

+

Cs

6
, Cs =

∑n

j=1

�

xj − x
�3

n ∗ σ
3

,∅j =

xj − x

σ

(3)g(x) =
1

β
α
Γ(α)

xα−1e

−x
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β
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1
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(1 +

�

1 +
4A

3
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x

�
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�

x
�

−

∑

ln(x)

n

In Eq. (5), n is the number of observations. After estimat-
ing α and β, the probability density function is integrated 
with respect to x, which yields the expression G(x), for 
the cumulative probability, as follows (Yacoub and Tayfur 
2020):

By substituting t for x/β in Eq. (4), the equation is reduced 
to (Alami et al. 2018)

As the gamma function is not defined for x = 0, for the 
possibility of zero values the cumulative probability function 
becomes (Alami et al. 2018)

where q is the probability of zero precipitation. The 
cumulative probability distribution is then transformed into 
the standard normal distribution to yield the SPI (Abramow-
itz and Stegun 1965; Yacoub and Tayfur 2017, 2020). The 
approximate conversion is given as.

for 0 < H(x) < 0.5

for 0.5 < H(x) < 1.0

where c0 = 2.515517, c1 = 0.802853, c2 = 0.010328, 
d1 = 1.432788, d2 = 0.189269 and d3 = 0.001308 (McKee 
et al. 1995).

Results and discussion

The four probability distributions (Normal, Lognormal, 
Pearson Type III and Gamma distribution) were subjected 
to the Chi-square test to determine the best-fitting prob-
ability distribution model, as per Amin et al. (2016). The 
test statistics are presented in Table 4. In the table, a, b and 
c denote the probability distributions accepted at confi-
dence intervals of 99%, 95% and 90%, respectively.

The Pearson Type III distribution provided the best 
fit for all the stations in the Hirfanli dam basin. For all 
the stations, except for Kirsehir and Nevsehir, the H0 
hypothesis was accepted at all confidence intervals. For 

(6)G(x) = ∫
x

0

g(x)dx =

1

β
�
Γ(�)∫

x

0

x�−1e

−x
/

β dx

(7)G(x) =
1

β
�
Γ(�)∫

x

0

t�−1e−tdt

(8)H(x) = q + (1 − q)G(x)

(9)

SPI = −

(

t −
c0 + c1t + c2t

2

1 + d1t + d2t
2
+d3t

3

)

, t =

√

ln

(

1

(H(x))2

)

(10)

SPI = +

(

t −
c0 + c1t + c2t

2

1 + d1t + d2t
2
+d3t

3

)

, t =

√

ln

(

1

(1.0 − H(x))2

)

Table 3   Categories for the China-Z Index and Standardized Precipi-
tation Index, ranging from extreme drought to extremely wet periods 
(from McKee et al. 1995; Kutiel et al. 1996; Morid et al. 2006; Jain 
et al. 2015)

Category CZI SPI

Extremely wet  ≥ 2  ≥ 2
Very wet 1.5 to 1.99 1.5 to 1.99
Moderately normal 1 to 1.49 1 to 1.49
Near normal  − 0.99 to 0.99  − 0.99 to 0.99
Moderate drought  − 1 to 1.49  − 1 to 1.49
Severe drought  − 1.5 to − 1.99  − 1.5 to − 1.99
Extreme drought  ≤  − 2  ≤  − 2
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the Kirsehir station, the H0 hypothesis was accepted only 
at the 99% confidence interval. In addition, for the Sivas 
station, the H0 hypothesis was rejected at all confidence 
intervals.

The SPI and CZI values were calculated at 1-, 3-, 6-, 
9- and 12-month scales for all stations in the Hirfanli Dam 
basin (Figs. 2, 3). The correlation coefficient (R) values 
between the SPI and CZI values for all stations were also 
calculated and are shown in Table 5. Also, Table 5 shows 
the mean R values for SPI with CZI values for each sta-
tion. In the mean of R values (the mean R values) for all 
of the stations across the 5 tested scales, the lowest was 

Table 4   Results for the χ2 test for 6 weather stations in the Hirfanli 
Dam basin in central Turkey

Mete-
orological 
stations

Distributions D. of F

Normal Lognormal Gamma Pearson Type 
III

Gemerek 211.299 203.856 94.4598 11.931a,b,c 9
Kayseri 231.96 218.167 102.851 14.4598a,b,c 9
Kirsehir 231.902 242.534 93.6552 18.1667a 9
Nevsehir 235.983 242.851 113.368 12.7069a,b,c 9
Sivas 80.2931 251.356 97.9655 25.6954 9
Zara 94.431 203.253 96.0115 14.00a,b,c 9

Fig. 2   Comparisons of the SPI values and CZI values for 9-month scale
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for Nevsehir at 0.7759, and the highest was for Kayseri 
at 0.8233.

Across the different time scales assessed, the 12-month 
values for CZI and SPI had the highest mean R value of 
0.9958, whereas the lowest mean value of 0.6728 was for 
3-month time scale. The ranges of the R values, which 
generally increased as the time scale increased, ranged 
from 0.6868 to 0.7364 for the 1-month time scale, 0.6349 
to 0.7017 for 3-month scale, 0.7063 to 0.7861 for 6 month, 
0.8520 to 0.8955 for 9-month time scale and from 0.9918 
to 0.9979 for 12-month time scale. The maximum R value 
of 0.9979 was obtained for the SPI-12 and CZI-12 val-
ues for Kirsehir. There were also very high R values for 
the 12-month time scale for the other five meteorology 
stations.

Additionally, Kayseri had the highest R value of 0.8955 
for 9-month time scale, followed by Gemerek (0.8791), 
Kirsehir (0.8779), Zara (0.8620), Nevsehir (0.8543) and 
Sivas (0.8520). In contrast, the lowest R value for SPI and 
CZI values was 0.6349 in Nevsehir for the 3-month time 
scale. Also, R values of 0.6565, 0.6615, 0.6864, 0.6957 
and 0.7017 were determined for Zara, Sivas, Gemerek, 
Kirsehir and Kayseri, respectively. Overall, the results 
of this study showed that values for the SPI were highly 
correlated with those for the CZI at the 9-month and 
12-month time scales.

Dogan et al. (2012) stated that there were low and high 
correlations between short- and long-term index values, 
respectively, for six drought severity indices (PN, DI, 
ZSI, CZI, SPI and EDI) applied to the rainfall records 
for the semi-arid Konya basin. As can be seen in Table 4 
and earlier explanations, this situation was mirrored in 
the present study in that as the time interval increased, 
the correlations between the values for the indices also 
increased.

From Figs. 2 and 3, the lowest CZI values for Kirsehir 
(9–12 months), Kayseri (12 months), Gemerek (9 months), 
and Zara (12 months) corresponded to the minimum SPI val-
ues at the same time scale. On the other hand, only the high-
est CZI (3.70) and SPI (2.40) values for Sivas were deter-
mined in the same month (October 2010) at the 12-month 
scale. For example, when the minimum SPI-9 for Kirsehir 
was − 2.74 in August 2008, the corresponding CZI was nega-
tive (− 2.23) in the same month. The maximum negative 
value for the 12-month CZI was − 1.90 for May 2014, while 
the SPI value for the same month in Zara was − 3.72. In June 
1963, the peak value of the CZI-9 was + 3.44 when the cor-
responding SPI 2.22 for Zara.

Separately, scatter diagrams for SPI and CZI values from 
1960 to 2017 indicate that SPI and CZI values generally 
corresponded well for the 9- and 12-month scales for all 
stations (Fig. 4 and 5).

Conclusions

Hirfanlı Dam basin located in a semi-arid region, in Tur-
key. Frequent, severe and long-term droughts have been 
experienced throughout the basin that affect the regional 
water resources and agricultural and cause economic 
losses. For this study, drought assessment was performed 
at different time scales by using various indices, and the 
relationships between drought indices are statistically 
examined. In this study, the historical droughts over a 
57-year period in the Hirfanlı Dam basin in Turkey were 
examined by using the CZI and the SPI. The precipitation 
data covered the period 1960 to 2017 and was supplied 
by the TSMS.

The following conclusions can be drawn from this study:
The precipitation registered at the four meteorological 

stations in the Hirfanlı Dam basin fitted the Pearson Type 
III distribution, based on the results of the Chi-square test. 
Therefore, the use of the CZI was based on the assump-
tion that precipitation data fitted the Pearson Type III 
distribution.

The SPI was selected as the reference drought index, 
whereas CZI was applied for the first time to rainfall 
data from this basin. So comparison of two indices 
can help to display which one is the most appropriate 
index for monitoring the evolution and characteristics of 
drought in the semi-arid region of central Turkey. Spe-
cifically, the SPI and CZI were calculated and compared 
at five-time scales, namely 1, 3, 6, 9 and 12 months. 
The results of a correlation analysis between the SPI 
and CZI demonstrated that the two indices were highly 
correlated for the same time scales and that the degree 
of correlation increased as the scales got longer, that is, 
there were higher correlations for the 9- and 12-month 
time scales in comparison to shorter scales. Overall, the 
SPI and CZI were good tools to define, detect and moni-
tor drought.

In the Hirfanlı Dam basin, a drought action plan 
should be developed for the purpose of minimizing 
the effects of drought. This task is especially urgent 
given that climate change is already causing more 
volatility in rainfalls patterns in parallel with increas-
ing demands on available water resources for domes-
tic and agricultural purposes. Drought patterns in the 
sub-basin containing the Hirfanlı Dam basin in Tur-
key should be examined further with different drought 
indices from those employed in this study. And also 
on the basis of their collective findings and other rel-
evant information, the most appropriate measures for 
the management of the limited water resources in the 
basin should be implemented. As an example, training 
on ‘best practice’ water use should be provided to the 

Page 7 of 13    2731Arab J Geosci (2021) 14: 2731



1 3

Fig. 3   Comparisons of the SPI values and CZI values for 12-month scale

Table 5   Correlation coefficients 
(R) between China-Z Index 
and Standardized Precipitation 
Index values for 6 weather 
stations in the Hirfanli Dam 
basin in central Turkey

Meteorological 
stations

1 month 3 months 6 months 9 months 12 months Mean

Gemerek 0.7174 0.6864 0.7724 0.8791 0.9942 0.8099
Kayseri 0.7363 0.7017 0.7861 0.8955 0.9971 0.8233
Kirsehir 0.7364 0.6957 0.7620 0.8779 0.9979 0.8140
Nevsehir 0.6868 0.6349 0.7063 0.8543 0.9973 0.7759
Sivas 0.7056 0.6615 0.7330 0.8520 0.9967 0.7898
Zara 0.6947 0.6565 0.7583 0.8620 0.9918 0.7927
Mean 0.7129 0.6728 0.7530 0.8701 0.9958 0.8009
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farmers in the region. This suggests that it is necessary 
to study with the different drought indices at different 
time scales to investigate their usefulness for monitor-
ing droughts under different environmental conditions, 
climatic characteristics and water demand situations. In 
further studies, it will be useful to investigate drought 
studies in the Hirfanli Dam basin in long time scales 

of different drought indices. Especially, regulation of 
the management and planning of water resources in 
river basins in accordance with climatic changes has 
become more important in recent years. As a result; 
it is thought that the findings obtained in this study 
will contribute to the studies on the planning and man-
agement of water resources in the basin, which is the 

Fig. 4   Scatter diagrams of SPI values versus CZI values for 9-month scale
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Fig. 5   Scatter diagrams of SPI values versus CZI for 12-month scale
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important river basin of the country, and will also be 
useful in the studies to be carried out against possible 
climate change in the basin.
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