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Abstract

Drought is generally defined as a disaster affecting vital activities negatively because of water scarcity as a result of pre-
cipitation falling below the recorded normal levels. In the present study, the Standardized Precipitation Evapotranspiration
Index was applied for the first time in Hirfanli Dam basin, which has the characteristics of a semiarid climate in Turkey. The
annual drought events in the basin between 1968 and 2017 were investigated by using the precipitation and temperature data
obtained from Gemerek, Kayseri, Kirsehir, Nevsehir, Sivas, and Zara meteorology observation stations located in Hirfanli
Dam basin. The dry and wet years were determined in the basin, and evaluations were made in this respect. The years when
the most severe droughts happened in the basin were determined, and drought maps, which showed the spatial distribution
of drought, were prepared. In the light of the analyses and maps made, it was found that the most severe drought happened

in 2001 in Hirfanli Dam basin.
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Introduction

Drought, which is the most dangerous disaster, has not yet
been defined in world literature. However, the effects of it are
felt increasingly in the entire world. Generally, human beings
become aware of it when water shortage starts (Hejazizadeh
and Javizadeh 2011). Drought is defined as water scarcity
caused by the temporary imbalance of the amount of mois-
ture lasting from a few weeks to several months with little or
no rainfall at all (Tallaksen and Van Lanen 2004). Accord-
ing to another definition, drought appears when rainfall is
inadequate for the water requirements of plants, urban water
supply, and the amount of water entering the dam lakes
(Salinger 1995). According to the definition of drought in
the International Convention to Combat Desertification, on
the other hand, drought is a natural event occurring when
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precipitation is quite below normal levels causing serious
hydrological imbalance by affecting land resources pro-
duction systems negatively (UNEP 1994). The uncertain
onset and end of the drought, its cumulative increase, its
simultaneous effects on more than one resource, and its high
economic dimension are the most important characteristics
distinguishing it from other disasters (Ozgurel et al. 2003).
Among other disasters, drought has the greatest effect on life
and the economy with its ability to develop under different
meteorological and environmental conditions (Oguzturk and
Yildiz 2014).

Drought, whose effects are widely seen in the entire
world, is expressed in four different ways according to
its occurrence as Meteorological Drought, Agricultural
Drought, Hydrological Drought, and Socioeconomic
Drought (Wilhite and Glantz 1985; Tate and Gustard 2000;
Mishra and Singh 2010). Meteorological drought: In the
simplest sense, Meteorological drought can be defined as
the insufficient amount of rainfall causing water deficiency
when water is required (Lutgens and Tarbuck 2006; Turkes
and Tatli 2008; Mishra and Singh 2010). Meteorological
drought also triggers other drought types. The decrease in
meteorological factors such as rainfall, temperature, and
humidity also affects other sources in time, thus resulting in
other drought types (Sirdas 2002; Sen 2009). Agricultural
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drought: It is a typical condition occurring after mete-
orological drought and before hydrological drought and
is expressed as the condition when there is not adequate
moisture for plants to grow and develop in their root zones
(Gibbs and Maher 1967; Wilhite and Glantz 1985). Agri-
cultural drought is a typical drought type between meteoro-
logical drought and hydrological drought (Wilhite 2000;
Sen 2009). Hydrological drought: It is the gap between the
flow values of rivers and other surface water sources and
groundwater sources (Whipple 1966; Turkes 1990). Hydro-
logical drought, which is related to the effect of groundwater
resources, surface waters, or rainfall periods, is defined as
the decrease and deficiency in the earth and groundwater as
a result of a long-lasting lack of rainfall (Ozgurel et al. 2003;
Sonmez et al. 2005; Kadioglu 2008). Hydrological drought
usually appears with a combination of meteorological and
agricultural droughts (Saylan et al. 1997). Socioeconomic
drought: Droughts can cause socioeconomic drought when
severe and prolonged droughts start to affect human life,
and when drought action plans or works to avoid drought
become inadequate (Wilhite and Glantz 1985; Turkes 2017).

In its 4th Report, the Intergovernmental Panel on Cli-
mate Change stated that areas that were affected by drought
increased globally after the 1970s (IPCC 2007). For this
reason, researchers pay more attention to studies on drought
because of the increasing effects of global warming (Lloyd-
Hughes and Saunders 2002; Qin et al. 2015; Oguzturk et al.
2016).

It is possible to decrease the impacts of drought and to
avoid this threat and danger when the findings obtained as
a result of scientific studies on drought are evaluated accu-
rately (Karl 1983; McKee et al. 1993; Bonaccorso et al.
2003; Morid et al. 2006; Tabari et al. 2012; Merkoci et al.
2013; Deo and Sahin 2015; Jain et al. 2015; Ionita et al.
2016; Yacoub and Tayfur 2017; Yenigun and Ibrahim 2019).
Research works and applications were conducted to deter-
mine, analyze, and evaluate the drought in Turkey (Erinc
1949; Sirdas and Sen 2003; Keskin et al. 2009; Turkes and
Tatli 2009; Bacanli et al. 2011; Dogan et al. 2012; Gumus
and Algin 2017; Bacanli and Aksan 2019; Kumanlioglu
2020; Altin et al. 2020; Danandeh Mehr and Vaheddoost
2020). The most severe and common droughts in Turkey,
which is located in semiarid climate zone, occurred in 1932,
1955-1956, 1971-1974, 1977, 1983-1984, 1989-1991,
1996, 1999-2001, 2007-2008 and 2013-2014 (Turkes 1996,
2003, 2012, 2014; Komuscu 2001; Kapluhan 2013; Akturk
and Yildiz 2018).

In this study, drought research was performed for Hirfanli
Dam basin for the 1968-2017 period by using the Stand-
ardized Precipitation Evapotranspiration Index (SPEI). The
severity of the annual droughts was determined and analyzed
to determine the drought in the basin better. As far as the
researcher knows, the present study is the first one conducted
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in the basin by using the SPEIL. Drought maps were also pre-
pared in this respect by using the Geographical Information
Systems to express the spatial distribution of the droughts
in the basin.

Study Area and Data

The sub-basin that feeds Hirfanli Dam, which is located
between the longitudes of 33.3°E and 38.7°E and the lati-
tudes of 38.3°N and 40.1°N, is in Kizilirmak River basin.
Its surface area is approximately 26,700 km?. With its
1355 km length, the Kizilirmak river is one of the major
water resources of Turkey. Hirfanli Dam was built on Kizil-
irmak River in 1959 to control floods and for hydropower
use. Hirfanli Dam basin has high topographic features with
a mountainous plateau. The altitude varies between 799 and
3880 m (Fig. 1) and decreases from the east to the west in
the basin. In the west of the basin, plateaus and meadows
are more common. Volcanic mountains are also found in
this area with wide plains around them. Erciyes Mountain is
among the most important volcanic mountains in the basin.
The Eastern basin has high, rugged and mountainous pla-
teaus, and the low hills in the area are the most important
surface elements. In the basin, a typical dry climate is domi-
nant, and the Hirfanli Dam basin covers plateaus, meadows,
and pastures for animal grazing and wide plains for agri-
cultural activities. For this reason, agriculture is a major
economic factor in the basin (Yildiz 2009, 2014; Oguzturk
and Yildiz 2016).

The mean temperature of the basin is 10.03 °C, and the
mean annual precipitation value is 424.82 mm. In addition,
geographical and meteorological details of the stations are
given in Table 1. The temperatures in the basin decrease
from west to east, and the distribution of precipitation
increases from west to east contrary to temperatures. The
spatial distribution of temperature and precipitation is given
for the basin in Figs. 2 and 3, respectively.

Methodology

The SPEI was developed by Vicente-Serrano et al. (2010)
to analyze and track droughts. In addition to the monthly
precipitation amounts, SPEI also adds temperature and
evaporation data to the calculation method enabling us to
obtain more significant results in agricultural drought stud-
ies (Vicente-Serrano et al. 2015; Ribeiro et al. 2019; Starks
et al. 2019; Yesilkoy 2020). Drought categories of the SPEI
values are given in Table 2 (Nam et al. 2015; Dikici 2020).

The SPEI is expressed as the difference (D) between
monthly or weekly potential evapotranspiration (PET)
and precipitation (P). It is also adjusted to log-logistic
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Fig. 1 The geographical and topographical situation of the Hirfanli Dam Basin, Turkey

Table 1 Geographical and meteorological information of the stations
in Hirfanli Dam basin

Station Latitude (N)  Elevation (m) P,,.,, (mm/ Tpean °C/
year) year)
Gemerek 39°11' 1173 403.31 9.64
Kayseri ~ 38°41' 1092 390.13 10.54
Kirsehir ~ 39° 09' 1007 383.49 11.47
Nevsehir  38° 37" 1259.5 413.20 10.70
Sivas 39° 44’ 1285 443.70 9.19
Zara 39°52' 1348 515.11 8.66

distribution (Vicente-Serrano et al. 2010). This difference
(D) is the excessive or scarce water for a selected period (i)
and is calculated by using Eq. 1:

D, = P, — PET,. (1)
The Thornthwaite Equation (Thornthwaite 1948), which

requires monthly average temperature and latitude data of
the selected station, was used in PET calculation.

The SPEI can be calculated by using the same steps as in
the SPI and is determined by transforming the log-logistic
distribution into standard normal distribution (Kumanlioglu
2020). The probability of the D value was calculated with the
cumulative distribution function F(x) of the probability distri-
bution by using the parameters of the log-logistic distribution.
The SPEI values are obtained for the selected periods by using
F(x) standard values of the cumulative distribution functions
and egs. 2 to 4 (Abramowitz and Stegun 1965; Vicente-Ser-
rano et al. 2010; Stagge et al. 2015; Kumanlioglu 2020):

-1

/]
F(x)=l1+< * )] )
x—y

Cotcoyw+ c2w2
1 +d,w+ dyw? + dyw?

SPEI = W —

&)

W =+/2In(P); P <0.5. 4
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Fig.2 Spatial distribution of mean temperatures in the Hirfanli dam basin 1968-2017

The a, p, y values are the scale, shape, and origin param-
eters within the y> D < oo range of the D values. Let P be
the exceeding probability value; /-p is written instead of P
value in case P> 0.5. The sign of the calculated SPEI value
is reversed. ¢, =2.515547, ¢, =0.802853, ¢,=0.010328,
d,=1.432788, d,=0.189269, d;=0.001308.

As a result of the given calculation method, the SPEI
values that have an average value of zero and a Standard
Deviation of 1 are obtained. The details for the calculation
of SPEI values are given in references (Stagge et al. 2015;
Trivarombo et al. 2018; Kumanlioglu 2020; Bakanogullari
2020a; Pei et al. 2020).

Results

The annual drought analyses were made for Hirfanli Dam
basin in the present study by using 50-year (1968-2017)
climatic data and the SPEI. The temporal distribution of the
SPEI series obtained for each station in the basin and for the
entire basin is given in Figs. 4 and 5.
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According to the SPEI results, the driest year was 1999
for Gemerek with —1.95, as seen in Fig. 4. The year 2016
was the driest year for Kayseri with —2.09; and the year
2008 was the driest year for Kirsehir (—1.72). The year of
2012 was found to be the driest year for Zara (—2.12). For
Nevsehir and Sivas, the driest year was 2001; and for these
two stations, the SPEI values in the driest years were found
to be —1.85 and — 1.78, respectively.

The longest dry and wet periods for the stations were
determined based on Fig. 4, where the changes in SPEI val-
ues of the stations in the basin according to time are given.
The resulting wet and dry periods are given in Table 3.

As can be seen in Table 3 and Fig. 4, the longest drought
occurred in Nevsehir for a 6-year period as of 2001. The
longest dry periods were 3 years for Gemerek, Kayseri and
Sivas. In Gemerek, the longest dry period began in 1999
and 2012, and in 2003 for Kayseri, and in 2013 for Sivas.
4-year dry periods were specified Kirsehir and Zara. The
beginning of the longest drought was in 2001 in Kirsehir and
2012 for Zara. The longest wet period was detected in Zara
with a 4-year period after 1995. It was found that the longest
wet lasted 3 years in the other five stations in the basin. The
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Fig.3 Spatial distribution of mean annual precipitation in the Hirfanli dam basin 1968-2017

Table 2 SPEI drought categories

SPEI values Drought class
Greater than 2.00 Extremely wet
1.50 to 1.99 Severely wet
1.00 to 1.49 Moderately wet
0.50 to 0.99 Slightly wet
—0.49t0 0.49 Near normal
—0.99 to —0.50 Mild dry

—-1.49 to —1.00 Moderately dry
-1.99 to —1.50 Severely dry

Less than —2.00 Extremely dry

longest wet periods were experienced in two times in Kay-
seri, and the beginning of the periods was 1986 and 1990.
The starting times of the longest wet periods for Kirsehir,
Nevsehir, Sivas and Gemerek were 1968, 1990, 1991 and
2009, respectively.

The distribution of the SPEI values of the stations and the
index values of the basin according to the drought classifica-
tions are given in Table 4.

According to Table 4, normal, mild arid, and slightly
moist-drought events occurred more than other drought
classes in the stations in the basin. Despite this, extremely
dry years were detected in Kayseri and Zara, which were
2001 and 2016 in Kayseri, and 2012 in Zara. According to
Table 4, in which the numbers of dry and wet years of the
stations are given, 17 years were determined as dry and wet
in Nevsehir and Sivas. The number of wet years was higher
in Gemerek, Kayseri and Kirsehir than the dry year count.
In Gemerek, 15 years were wet, 13 years dry; 16 years wet
15 years dry in Kayseri; and 17 years wet, 16 years dry in
Kirsehir. The number of dry years in Zara, which is located
in the far eastern part of the basin, was higher than wet years.
A total of 19 years were determined to be dry, and 16 years
were determined as wet.

The distribution of the dry and wet years for the entire
basin was determined by taking the averages of the SPEI
values of the basin (Fig. 5). It can be argued that 15 years
were wet, and 17 years were dry in the basin. 1970,
1973-1974, 1984, 1989, 1994, 1999, 2001, 2003-2006,
2008, 2013-2014, 2016-2017 were determined as dry years
in the basin. On the other hand, wet years were detected
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Fig.5 The temporal distribution of SPEI values for dry and wet situa-
tions in Hirfanli Dam Basin

as 1968, 1971, 1976, 1980, 1983, 1985, 1987-1988,
1991-1992, 1995, 1997-1998, 2009, 2011. The number of
normal, slightly arid, and slightly humid years was 18 years,
13 years, and 11 years, respectively, in the basin, which
shows that the basin is under the effect of drought.
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Table 3 Maximum dry and wet durations for the SPEI

Station Wet Dry
Starting Duration Starting Dura-
(Year) tion
(Year)
Gemerek 2009 3 1999, 2012 3
Kayseri 1986, 1990 3 2003 3
Kirsehir 1968 3 2001 4
Nevsehir 1990 3 2001 6
Sivas 1991 3 2013 3
Zara 1995 4 2012 4

According to Fig. 5, in which the SPEI values for the
1968-2017 period are shown as time series of average val-
ues across the basin, the longest dry period was determined
as 4 years between 2003 and 2006 in the basin. In addition,
2-year dry periods were specified in 1973-1974, 2013-2014
and 2016-2017. The longest wet periods were 1987-1988,
1991-1992, and 1997-1998 with 2-year periods. The years
2001, 2013 and 2017 are classified as severe dry years, and
the SPEI values are —1.59, —1.54 and — 1.55, respectively.
The driest year was determined as 2001 in the basin with
an SPEI value of —1.59. In 2001, severe droughts were
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Table 4 Distribution of SPEI Drought class Gemerek Kayseri Kirsehir Nevsehir Sivas Zara Basin

drought classes by years
Extremely wet 1 1 1 - 1 -
Severely wet 3 2 2 4 3 2
Moderately wet 4 5 5 5 5 2
Slightly wet 7 10 9 9 8 7 11
Near normal 22 19 17 16 16 15 18
Mild dry 5 8 7 6 7 12 13
Moderately dry 2 3 5 9 8 4 1
Severely dry 6 2 4 2 2 2 3
Extremely dry - 2 - - - 1 -
Wet/dry 15/13 16/15 17/16 17/17 17/17 16/19 15/17

determined in Gemerek, Nevsehir and Sivas with SPEI val-
ues of —1.56, —1.85 and — 1.78, respectively. While there
was moderate drought with an index value of —1.30 in
Kirsehir, mild drought was detected in Zara with an index
value of —0.99. Extreme drought was determined only in
Kayseri with —2.04 index value. This can be seen in the
drought map that was prepared by using the 2001 SPEI
values of the stations. In this case, it can easily be argued
that 2001 was the driest year for Hirfanli Dam basin, which
was also one of the years with severe droughts throughout
Turkey.

Drought maps of the basin were prepared by using the
SPEI values for 1999, 2001, 2008, 2012, and 2016, which
were determined as the driest years of the stations. These
maps are given in Fig. 6.

Discussion

There have been many studies on drought since Turkey is
located in a semiarid climate zone. When previous studies
on drought using different indices at different time scales
were analyzed, it was found out that drought occurred in
similar periods for the geography of Turkey.

In the case of the Seyhan-Ceyhan River basins located
in the south of the country, it was observed in the studies
using the SPI method that the longest-term meteorologi-
cal drought occurred in the years 1971-1973, 1988—1990
and 2003-2005, and according to the results of the studies
using the SDI method, it was reported that the longest-term
hydrological droughts occurred in the years 1971-1973 and
1989-1992 (Gumus and Algin 2017). In the studies con-
ducted using DI, SPI, SPEI and SRI for the Asi basin located
in the south of the country, it was stated that the effects
of drought were seen in the years 1973-1974, 1989-1991,
1993-1994, 2000-2001, 2004-2005, 2014 and 2016 (Dikici
2020). According to the results of the studies on drought
conducted using SPEI for the Mediterranean region, it
was reported that the region was under the influence of

drought in the early 1970s and early 1990s (Bacanli and
Aksan 2019). The meteorological and hydrological drought
research of the Upper Gediz basin in western Turkey was
carried out by Kumanlioglu (2020) using SPI, SPEI and SRI.
It was reported that the widespread droughts occurred in the
years 1973-1974, 1985-1995, 2000-2002, and 2006—-2009
(Kumanlioglu 2020). In another study using SPI for the
Upper Gediz basin, it was stated the years between 1984
and 1996 as the longest drought period; 1961, 1987, 2006,
2008, 2011 and 2014 as severe drought years (Kumanlioglu
and Fistikoglu 2019). In a study carried out for the Kemer
Dam basin located in the southwest of the country, accord-
ing to SPI results, long-term droughts were observed in the
years 1955-1959, 1963-1964, 1972-1974, 1985-1987,
1989-1993 and 1990-2000 (Oguzturk and Yildiz 2015). In
the analyses for the Damlica basin located in the Marmara
region in the northwest of Turkey, the years 1982-1983,
1989, 1992-1993, 2004, 2006 according to the SPI results
and the years 1982-1983, 1989, 1992-1994, 1999-2000,
2009-2004 and 2006 according to the SPEI results were
determined to be drought years (Bakanogullari 2020a). In
the Kumdere basin located in the same region, the years
1985-1986, 1991-1993, 2000-2002, 2004 and 2008
(according to SPI results), and the years 1985-1986, 1991,
1993, 2000-2002, 2004, 2007-2008 (according to SPEI
results) were pointed out as dry years (Bakanogullari
2020b). According to the results of SPI, ZSI, RAI, SPEI
and RDI, it was reported that the most severe meteorologi-
cal droughts occurred in the years 1989 and 2012-2017 in
the Euphrates basin, which has a wide area in the east and
southeast of Turkey (Katipoglu et al. 2021). In addition, it
was recorded that 1996-2002 were the longest and most
severe drought years in the Lake Van basin located in the
east of the country (Yetmen 2013). While it was reported
that drought intensified in the years 1970-1979 in a study
conducted using EDI for the southeastern region of Anatolia
(Tugrul et al. 2019), 1976-1977, 1982-1983, 1985-1986,
1994, 2001, 2003, 2007-2008 were significant dry years for
the central Black Sea in the north of the country according
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to the SPI results (Yetmen 2014). According to the SPI
method, the years 1956, 1961, 1964, 1973, 1977, 1984,
1989, 1993-1994, 1999-2001 and 2004 were reported as
important dry years in the Central Anatolia region, where
the study area is also located (Yildiz 2014). In the study
handled by Yildiz (2009) in the Hirfanli Dam basin, which
is the same study area, significant droughts were reported
in the years 1955-1956, 1964, 1973, 1984, 1989, 1999
and 2001 according to the SPI results. In another study
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conducted by Oguzturk and Yildiz (2016) using SPI for the
same study area, long-term droughts were determined as
the years 1952-1957, 1961-1962, 1973-1974, 1989-1990,
1993-1994, 2003-2005.

While SPI method was preferred in the studies on drought
carried out in the basin, no study using SPEI was found. This
study conducted using SPEI parallels with the results of the
studies conducted by Yildiz (2009, 2014) and Oguzturk and
Yildiz (2016) using SPI and supports each other.
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Conclusion

In the present study, the annual drought of Hirfanli Dam
basin was analyzed by using the SPEI. The precipita-
tion and temperature data for the 1968-2017 period of
the meteorology stations of Gemerek, Kayseri, Kirsehir,
Nevsehir, Sivas, and Zara located in the basin and oper-
ated by the Turkish State Meteorology Service were used
for the analyses. Turkey, which is located in a semiarid
climate zone, is exposed to frequent and severe drought
effects. The results of the present study, in which the SPEI
was applied for the first time in Hirfanli Dam basin and
the dry years were determined, were found to be parallel
to the results of previous studies conducted throughout
Turkey. This shows clearly that Hirfanli Dam basin is also
affected by the significant drought conditions that affect
Turkey. Decreases in precipitation have significant effects
on water resources; and vital activities are also affected
as a result of these effects. Many areas affecting human
life, such as the climate and vegetation in an area, yield
of agricultural products, industrial production activities,
and energy production are directly or indirectly affected
negatively in this respect. It is necessary to conduct regu-
lar and detailed follow-up studies with drought analyses
to be protected from the effects of drought. As a result of
future drought analyses and follow-up studies that will be
conducted, it will be beneficial to make plans for the cli-
mate, vegetation, development, for saving water resources
and to resolve agricultural issues to prepare drought action
plans in the light of holistic approaches.
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