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Drought Analysis in Ceyhan Basin Using Standardized Precipitation Index
Muhammed CUHADAR*, Ela ATIS?

ABSTRACT: Drought is defined as a disaster that affects vital activities negatively due to the decrease
in the water supply caused by falling rainfall below normal levels observed over the years. Agricultural
drought means that the moisture content in the soil is consistently falling below the climatically
appropriate amount, so this directly affects vegetative production and indirectly affects animal
production. This study aims to determine dry periods and areas in the Ceyhan Basin by using the
Standardized Precipitation Index (SPI). Thus, policies that will reduce the effects of drought will be
developed in the regions affected by drought. The SPI has several features that are more advanced than
previous indexes, including simplicity and temporal flexibility, and allow for use in all timelines for
water resources. The results have shown that the past five years have been dry and the drought has
increased over the years, and it is also wiser to grow drought-resistant crops and use pressurized
irrigation methods in Afsin and Elbistan, the driest districts of the basin, to improve water efficiency.
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Standart Yagis Indeksi Ile Ceyhan Havzasinda Kuraklik Analizi

OZET: Kuraklik, yagislarin yillar itibariyle gdzlemlenen normal seviyelerinin altina diismesiyle olusan
su arzinda azalma sebebiyle yasamsal faaliyetleri negatif yonde etkileyen bir afet olarak tanimlanir.
Tarimsal kuraklik, topraktaki nem oraninin iklimsel olarak uygun miktarin altina siirekli diismesi,
boylece bitkisel liretimi, dolayli olarak hayvansal {iretimi olumsuz etkilemesi anlamina gelir. Bu ¢aligsma,
Standart Yagis indeksi (SPI) yontemini kullanarak Ceyhan havzasinda kurak dénemleri ve bolgeleri
belirlemeyi amaglamaktadir. Boylece kurakligin etkilerini azaltacak politikalar kurakliktan etkilenen
bolgelerde gelistirilebilecektir. SPI, basitlik ve zamansal esneklik de dahil olmak tizere onceki indekslere
gore daha gelismis olan ve su kaynaklari i¢in tiim zaman ¢izelgelerinde kullanilmasina izin veren ¢esitli
ozelliklere sahiptir. Elde edilen sonuglar, havzada son bes yilin kurak gectigini, kurakligin yillar itibari
ile arttigini ve su verimliligini artirmak i¢in havzada en kurak ilgeler olan Afsin ve Elbistan’da kurakliga
dayanikli bitki yetistirmenin ve basingli sulama yontemleri kullaniminin daha akillica oldugunu
gostermektedir.
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INTRODUCTION

Drought is one of the most important
natural disasters that cause billions of dollars of
loss every year in agriculture (Narasimhan and
Srinivasan, 2005). Drought is defined as a disaster
that affects vital activities in the negative
direction due to the decrease in the water supply
caused by falling rainfall below normal levels
observed over the years (Kapluhan, 2013).
Meteorological drought begins before the
hydrological and agricultural drought. Therefore,
the occurrence of prolonged and severe
hydrological and agricultural droughts can be
directly attributed to a meteorological drought. As
rainfall variability in arid and semi-arid climate
regions is very high, drought events in these
climatic  regions may cause  greater
ecological/economic losses (llgar, 2010).

Assessment based on the severity and
duration of disasters, total economic loss, social
impact, and durability; the drought event took
place in the first place in 31 kinds of natural
disasters that are effective in the world according
to their importance. The uncertainty of the
beginning and the end of the drought, increasing
cumulatively, the impact on more than one source
at the same time and the high economic size are
the most important features that distinguish it
from other natural disasters (llgar, 2010).

Drought, which can occur in all climates
and cause great socioeconomic losses afterward,
has attracted much more attention recently by
scientists and decision makers (Li et al., 2016).
Also, drought is expected to be more frequent and
harsh with limited and uncertain water supply due
to raised water demand from population growth
and climate change and variability (Kim et al.,
2015). Drought usually occurs by falling below
the average amount of rainfall and the first sector
to be affected by drought is agriculture due to its
dependence on water resources and soil nutrient
reserves at various stages of plant growth
(Narasimhan and Srinivasan, 2005). At the same
time, the agricultural sector is the one that will

provide the most significant benefit from the
development of decisions that support reducing
the effects of drought, the development of early
warning and drought surveillance systems in the
environment and society (Merkoci et al., 2013).
The effects of the drought are first seen in
the form of reduced soil moisture and high
evaporation in agriculture. The drought has
always had more severe consequences for
agricultural communities compared to non-
agricultural societies. Rural economies are mostly
dependent on agriculture in most of the
developing countries, and agriculture is mainly
reliant on rainfall. Drought can cause both surface
and underground water resources to be scarce and
have catastrophic effects on breeding livestock
products and crop production (Ashraf and
Routray, 2013). Agricultural drought means that
the moisture content in the soil is continually
falling below the climatically appropriate
amount, so this directly affects vegetative
production and indirectly affects animal
production in a negative way (Quiring and
Papakryiakou, 2003). Measures against the
drought need to be considered before a drought
occurs. These measures should be enough to
remove the long-term effects of drought
(Keskiner et al., 2016). It is necessary to
determine the dangerous areas for drought and to
carry out some activities to remove the
destructive actions of the drought in these regions.
Drought is an essential natural event that
has been studied seriously by many researchers
for many years. However, the fact underlying the
difficulties encountered in the study of such
events is the inability to reach a definite
knowledge of when the drought will begin, how
long, how severe it will be, and the size of the area
under its influence (Giimiis et al., 2016).
According to the survey results that the World
Meteorological Organization has conducted in 87
countries, 74 countries including Turkey were
determined that are the most affected by drought
(llgar, 2010). Although studies on drought risk
assessment -which aim to assess drought
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vulnerability and monitor it- are still inadequate
in Turkey, there has been an increase in drought-
related studies in recent years as global warming
has come to the fore (Reis and Dutal, 2016).

Several reports agree on the Mediterranean
Basin as the region most affected by climate
change (Aksoy and Can, 2012). According to
regional climate projections made by the Turkish
State Meteorological Service, Turkey has
experienced one of the significant declines in
rainfall in the Mediterranean Region (Republic of
Turkey  Ministry of  Environment and
Urbanization, 2016). According to these
projections, the Mediterranean Region is among
the regions where the lack of rainfall will be felt
most in the 2015-2040 period. From 2041 through
2070, the Mediterranean Region is among the
areas facing drought mostly. The Ceyhan basin is
located in the Mediterranean Region. The fact that
the Ceyhan Basin is situated in this critical region
necessitates the analysis of climate and drought-
related to this basin.

The purpose of this study is to perform
drought analysis and to determine arid years and
regions in the Ceyhan Basin by using the SPI
method. Thus, policies that reduce the effects of
drought were developed in the regions affected by
drought. The Ceyhan basin is also an essential
region for agricultural production. One of the
most significant lowlands of Turkey is located on
this region (Elbistan Lowland). Decreases in
agricultural output in the case of drought will
adversely affect the regional economy. It is
necessary to determine the dangerous areas
regarding dryness and carry out activities that
eliminate the effects of drought in these regions
in the basin.

For this purpose, the following questions
were created to find solutions and develop
policies:

e Which years were dry in the basin?
e Is the drought in recent years more than the
previous ones?

¢ Does drought in the basin tend to increase from
the past to the present?

¢ Which regions have been arid in the basin?

e Does drought tend to increase in dry and wet
regions?

eWhat measures can be made to reduce the
effects of drought in arid regions?

MATERIAL and METHOD

There are various methods to study
temporal and spatial drought conditions. The
Aridity Index (Al) method is a climatic index
useful for recording the development of the
drought phenomenon. Potential evaporation data
is required to calculate with this index (Nastos et
al., 2013). Another method, the Percent of
Normal Index (PNI), is known as the most
straightforward drought index and is obtained by
dividing the amount of rainfall at a given time
interval by the average. Precipitation of 12
months or less can also be used in PNI
calculations (Simsek and Cakmak, 2010).
Another method used in drought analysis is the
Ering Aridity Index (I-m), which is based on the
average maximum temperature ratio, which is
assumed to be caused by rainfall and evaporation
deficit (Ering, 1965; Tiirkes, 2005). Palmer
Drought Severity Index (PDSI) was created by
Palmer (1965) to measure the cumulative
dissipation of atmospheric moisture supply and
demand in the surface. PDSI transforms past
years’ rainfall, humidity supply, and humidity
demand into a hydrological calculation system
(Dai et al., 2004). The PDSI is based on a
primitive water balance rather than entirely
rainfall-based (Wells et al., 2004).

Standardized Precipitation Index (SPI)

In this study, the Standardized Precipitation
Index (SPI) method was used to analyze temporal
and spatial drought in the Ceyhan Basin. The SPI
has several features that are more advanced than
previous indexes, including simplicity and
temporal flexibility, and allows for use in all
timelines for water resources. The only
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meteorological variable needed in this method is
rainfall. The most important advantage is that
different time scales can be used to determine the
effect of drought on underground and surface
water resources and agricultural activities due to
lack of rainfall. At least 30 years of rainfall
records are used in this method. The precipitation
time series is calculated as monthly rainfall. The
SPI is obtained by dividing the difference of
rainfall from average into standard deviations
within the specified period (1, 3, 6, 9, 12, 24
months) (Yetmen, 2013).

The Standardized Precipitation Index
method, which transforms the rainfall parameter
into a single numerical value to define the drought

of regions with different climates, is described by
Mckee et al. (1993). The SPI is obtained by
dividing the difference of rainfall from average
into standard deviations over a selected period,
and is calculated as:

SYLy =218 (1)

In this equation: Xij is the rainfall values
observed in a “j” month; p;j is the expected value
of the rainfall series in the “j” months; cj indicates
the standard deviation of the set (Keskiner, 2016).
The drought classification according to the SP1 is
as follows (Table 1).

Table 1. Index values and classification according to the SPI method

SPI Index values Drought Category
2.0 and above Extremely wet
1.50 to 1.99 Very wet
1.00to 1.49 Moderately wet
0to 0,99 Mildly wet
-0.99t0 0 Mildly dry
-1.00 to -1.50 Moderately dry
-1.50t0 -1.99 Severely dry
-2.0 and below Extremely dry

Mckee et al., 1993.

Study Area

Ceyhan Basin is one of the 25 river basins
in Turkey. The Ceyhan Basin, consisting of wide
alluvial sand and steep mountainous terrain, goes
into the interior of Central Anatolia from the Gulf
of Iskenderun. Almost all of Kahramanmaras and
Osmaniye Provinces; Ceyhan and Yumurtalik
Districts and a part of Yiiregir District and Kozan
Districts of Adana Province are located within the
boundaries of Ceyhan Basin. The Ceyhan River is
born in Pinarbasi location of Elbistan District and
flows into the Gulf of Iskenderun (TUBITAK,
2010). Figure 1 shows the location of the Ceyhan
Basin.

Rainfall Data
A minimum of 30 years’ rainfall data is
required to perform drought analysis with the SPI

method. For this reason, to investigate the drought
situation of the Ceyhan Basin, rainfall data of
1986-2017 of the precipitation stations belonging
to the basin were taken from the Turkish State
Meteorological Service. There are nine stations in
the basin where rainfall recordings are available
at least in the last 30 years. These stations were
determined as Kahramanmaras, Elbistan, Afsin,
Goksun, Osmaniye, Ceyhan, Kozan, Yumurtalik
and Golbasi. The locations of the stations of
which rainfall data were received are as follows
(Figure 1).

The following table shows the average,
maximum and minimum annual and monthly
rainfall of the locations in the Ceyhan Basin
between 1986-2017 (Table 2).
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Figure 1. The location of the Ceyhan Basin
Source: Republic of Turkey Ministry of Agriculture and Forestry, 2016; TUBITAK, 2010)

Table 2. The rainfall data of the locations in the Ceyhan Basin

Average Standard A_\n_nual Annual Average I\/_Io_nthly Mo_nthly
annual . minimum . monthly minimum maximum
. deviation . maximum . . .

rainfall I rainfall rainfall (mm) rainfall rainfall rainfall
Locations (mm) (annua (mm) (mm) (mm) (mm)
Osmaniye 805.77 183.83 492,50 1230,90 67,15 0,00 331,40
Kozan 804.05 152.61 560,50 1176,80 67,00 0,00 296,00
Yumurtahk 794.03 215.65 439,60 1334,80 66,17 0,00 476,10
Golbas: 722.40 148.35 408,60 1107,60 60,20 0,00 366,60
Kahramanmaras 722.05 167.92 442,70 1169,00 60,17 0,00 317,00
Ceyhan 710.16 162.20 437,60 1019,00 59,18 0,00 422,20
Goksun 559.20 150.43 181,60 881,00 46,60 0,00 233,00
Afsin 415.03 78.82 262,40 563,50 34,59 0,00 155,10
Elbistan 385.68 70.03 223,10 534,40 32,14 0,00 146,60
Ceyhan Basin 657.60 116.05 444,36 849,31 54,80 0,00 218,53

Source: Turkish State Meteorological Service, 2018.

RESULTS and DISCUSSION

According to the SPI calculation done with
the rainfall data taken from the Turkish State
Meteorological Service, the numbers and
percentage of wet and dry years in the Ceyhan
Basin are listed in the table below. According to
the table, in the period between 1986 and 2017,
two years were severely dry, five years were
moderately dry and nine years were mildly dry.
The probability of a year to be severely dry is
%6.3. In the calculations made in six-month
periods, in the basin, two periods were extremely
dry, three were severely dry, two were moderately
dry and 24 periods were mildly dry. The

probability of a period to be extremely dry is
%3.1. In the calculations made in three-month
periods, in the basin, it was reached that six
periods were severely dry, 16 were moderately
dry, and 44 were slightly dry. The probability of
a period to be severely dry is %4.7. In the
calculations made on a monthly basis, it was
reached that in the basin while there was one
month of extremely dry, there were six months of
severely dry, 46 of moderately dry and 169 of
slightly dry. The probability of a month to be
moderately dry is %12.0 (Table 3).

Table 4 shows wet and dry years between
1986 and 2017 in the basin. According to the
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results, it is determined that the year 2013 was
severely dry, the years 2016 and 2014 were
moderately dry, and the years 2015 and 2017
were mildly dry. These results show that five
years’ drought was experienced in the basin from
2013 to 2017.

When we examine the trends of the
Standardized Precipitation Index values between
1986 and 2017 by years, it is noteworthy that the
trend line is downward. This result shows us that
the drought in the Ceyhan Basin has increased for
the past 32 years (Figure 2).

Table 3. Ceyhan Basin annual, six-month, three-month and monthly drought classification

Annual periods Six-month periods Three-month periods Monthly periods

Classification Periods % Periods % Periods % Periods %

Extremely wet - - 1 1.6 3 2.3 15 3.9
Very wet 2 6.3 3 4.7 5 3.9 25 6.5
Moderately wet 4 12.5 8 12.5 19 18.8 26 6.8
Mildly wet 10 31.3 21 32.8 35 27.3 96 25.0
Mildly dry 9 28.1 24 37.5 44 34.4 169 44.0
Moderately dry 5 15.6 2 3.1 16 12.5 46 12.0
Severely dry 2 6.3 3 4.7 6 4.7 6 1.6
Extremely dry - - 2 3.1 - - 1 0.3
Total 32 100.0 64 100.0 128 100.0 384 100.0

Table 4. Dry and wet years in the basin

Years Classification Years Classification
2013 Severely dry 2012 Mildly wet
1993 Severely dry 2011 Mildly wet
2016 Moderately dry 2010 Mildly wet
2014 Moderately dry 2001 Mildly wet
1999 Moderately dry 2000 Mildly wet
1990 Moderately dry 1998 Mildly wet
1989 Moderately dry 1997 Mildly wet
2017 Mildly dry 1995 Mildly wet
2015 Mildly dry 1994 Mildly wet
2008 Mildly dry 1986 Mildly wet
2007 Mildly dry 2003 Moderately wet
2006 Mildly dry 1996 Moderately wet
2005 Mildly dry 1991 Moderately wet
2004 Mildly dry 1987 Moderately wet
2002 Mildly dry 2009 Very wet

1992 Mildly dry 1988 Very wet

In the calculations made using the 32-year
rainfall data (1986-2017) in the Ceyhan Basin,
the years are divided into two periods, the first
16 and the last 16. While 31.25% of the first 16-
year period is dry, this ratio is 68.75% in the last
16-year period. This result clearly shows that the
drought in the basin is increasing and now it is
more likely to experience dry years than before
(Table 5).

When the drought situation of the
locations in the Ceyhan Basin is examined by
using the average rainfall data of the basin, only
three mildly dry years have been experienced in
the Kozan District for the last 32 years. On the
other hand, any wet year has not been
experienced in the districts of Afsin and Elbistan
in the same period. Afsin and Elbistan are
determined as the locations experiencing the
drought mostly (Table 6).
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Trend Line

Figure 2. The line chart of SPI index values of the basin by years

Table 5. Annual drought comparison between the periods of 1986-2001 and 2002-2017

1986-2001 2002-2017
Classification Number of years Percentage Number of years Percentage
Extremely wet - -
A &

very wet L I 68.75 L < 31.25

Moderately wet 3 %) - g

Mildly wet 7 4

Mildly dry 1 8

Moderately dry 3 g,, 31.25 1 g,, 68.75

Severely dry 1 <} 2 o

Extremely dry - Q - o

Total 16 100.0 16 100.0
Table 6. Number of dry and wet years of the locations in Ceyhan Basin
Classification Kozan  Yumurtalik Osmaniye  K.Maras Golbasi Ceyhan  Goksun Afsin  Elbistan
Extremely wet 3 4 3 1 1 - - - -
Very wet 3 2 1 2 1 2 - - -
Moderately wet 6 7 6 4 1 4 1 - -
Mildly wet 17 12 15 16 18 15 9 - -
Mildly dry 3 7 7 9 11 11 17 17 11
Moderately dry - - - - 1 - 3 14 18
Severely dry - - - - - - 1 1 3
Extremely dry - - - - 1 - 1 - -
Total 32 32 32 32 32 32 32 32 32

The following graph shows the lines of the
SPI values of Afsin and Elbistan where the
drought is experienced mostly. Besides being
dry in Afsin and Elbistan, it is determined that
the drought level is also rising. As it is seen, the
trend line for Afsin and Elbistan is downward,
and the decrease in the SPI values shows that

drought increases. The trend line is downward
not only for Afsin and Elbistan but also for all
other locations except G6lbasi. It means that we
can make a mention of a decrease in
precipitation and an increase in drought in these
locations (Figure 3).
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Figure 3. The line chart of SPI index values of Afsin and Elbistan by years

CONCLUSIONS

As a result of the calculations made
according to the SPI method, two years in the
Ceyhan Basin were severely dry, five years were
moderately dry and nine years were mildly dry.
Besides, it is found that 2013 was severely dry,
2016 and 2014 were moderately dry, and 2015
and 2017 were mildly dry. These results show that
the last five years in the basin were dry. When the
Standard Precipitation Index values between
1986 and 2017 are shown with a line graph, and a
trend line is added, it is concluded that this trend
line is downward and this means that the drought
situation is increasing in the basin.

The index values obtained from 32 years’
data taken from the Turkish State Meteorological
Service are divided into two periods as the first 16
years and the last 16 years. As a result of this
division, in the last 16 years’ period, there were
much less wet years and much more dry years
than in the first 16 years’ period. This result
means that the basin is now drier than in the past.
Calculations based on annual periods in the basin
showed that the probability of a period to be
severely dry is 6.3%, and moderately dry is
15.6%. Calculations based on six-month periods
in the basin showed that the probability of a
period to be extremely dry is 3.1%, and severely
dry is 4.7%. Calculations based on three-month
periods in the basin showed that the probability of
a period to be severely dry is 4.7%, and
moderately dry is 12.5%. Calculations based on
monthly periods in the basin showed that the
probability of a period to be extremely dry is

0.3%, severely dry is 1.6%, and moderately dry is
12.0%.

In the SPI calculation for Ceyhan Basin,
any wet years in the districts of Afsin and Elbistan
has not been experienced while only three dry
years in Kozan District have been experienced for
the last 32 years. Besides, just seven years in
Osmaniye Province and Yumurtalik District were
mildly dry and in Goksun District, nine years
were mildly wet and a year was moderately wet.
Moreover, drought has increased in almost all
locations for the last 32 years.

From all these results, it can be said that
drought is a natural phenomenon and will start to
be seen more frequently with the effect of global
climate change. If the water resources of the
Ceyhan Basin are not managed well during both
wet and dry periods, the drought will become a
chronic problem and its effects will be
inescapable one day in the not-so-distant future.
Drought is a dangerous natural disaster that
causes severe problems regarding living life. We
cannot eliminate the problems caused by drought,
but it is possible to reduce the adverse effects of
drought. One of the most important ways to
combat dryness is the precaution of drought.

One of the measures that can be taken to
reduce the effects of drought will be to provide
financial support by the government for drought-
resistant crops in the regions with high drought
tendency. These regions are seen as Afsin and
Elbistan districts in Ceyhan Basin. In these
districts, it would be wisely to focus on drought-
resistant products in agriculture. Another measure
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IS to use water efficiency enhancing systems. By
using pressurized irrigation methods, it will be
possible to increase water efficiency and crop
yield in areas with water constraints. Financial
support can also be provided for installing
pressurized irrigation systems to increase the
usage of these methods. If any support is provided
for installing these systems, the amount of
support can be raised, and bureaucratic
procedures can be softened.
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