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Abstract: Drought is one of the most common disasters in the world. Despite being a natural event, environmental changes 
combining climate and land-use changes increase its impacts. Seyhan river basin in the Mediterranean region of 
Turkey has great significance since agriculture has the biggest share and IPCC indicates the area among the regions 
subject to the highest levels of the climate change impacts. In the presented study, drought severity analysis was 
carried out in terms of both the standardized precipitation index (SPI) and the standardized precipitation 
evapotranspiration index (SPEI) at multiple time scales (3, 6 and 12 months). In order to quantify both temporal and 
spatial changes of drought phenomenon, monthly precipitation and temperature data covering the period 1970-2015 
were evaluated at meteorological stations in the basin. Data pre-processing which includes missing value estimation 
and homogeneity analysis was carried out prior to the computation of drought severity indices. Missing data in the 
recorded series were completed using linear regressions with respective reference series. Standard normal 
homogeneity test, Buishand range test, Pettitt test and Von Neumann ratio test were used for homogeneity checks on 
the data set. Precipitation data were also analyzed for trends using the Mann-Kendall non-parametric test. The period 
2011-2015 which was the warmest five-year period on record globally was specially analysed as well. Kriging 
method was additionally used in order to show the spatial distribution of droughts. 
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1. INTRODUCTION  

Drought is defined as the period of time that falls below the average precipitation in a given area, 
and is a natural disaster that causes long-term shortages in the water supply, atmospheric, surface 
waters or groundwater and needs combatting in some parts of the world. Drought as a slow-growing 
phenomenon also affects very large areas and populations, causing economic and environmental 
problems, which can lead to irreversible damages (Spinoni et al., 2015; Vogt et al., 2011; Vogt and 
Somma, 2000). Despite being a natural event, environmental changes combining climate and land-
use changes increase its adverse impacts. 

In recent years, Turkey experienced a very serious meteorological drought especially in 2013-
2014, and this meteorological drought progressed towards agricultural and hydrological drought 
cases due to the significant decreases in winter precipitation (Kurnaz, 2014). According to the 
report on the effects of climate change (Krichak, 2014), the expected changes in Turkey and the 
Mediterranean basin are extremely worrisome. The most striking result is that the drought event 
experieced in the region is expected to continue (Kurnaz, 2014). According to the figures at the end 
of September 2015, the period 2011-2015 was the warmest five year period on the records for Asia, 
Europe, South America and Oceania, and North America (WMO, 2015). In January 2017, 2016 was 
assigned to be the recorded warmest year in the world by the relevant agencies around the world, 
e.g. NASA, NOAA, Met Office (NASA, 2017).  

In this context, it is necessary to examine the studies related to drought in a multidirectional way. 
In the presented study, drought severity was analysed based on the standardized precipitation index 
(SPI) and the standardized precipitation evapotranspiration index (SPEI) in multiple time scales in 
Seyhan river basin in Turkey to assess drought conditions and related hydrological impacts.  
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2. MATERIALS AND METHODS 

2.1 Study area  

Seyhan river is one of the longest rivers in Turkey flowing into the Mediterranean Sea. The 
drainage area is about 21700 km² and is located in the south of Turkey (Figure 1) The main water 
source of the Seyhan river is from the Taurus Mountains. In the river basin, there are three different 
regional characterizations in terms of climate. While the northern part of the basin is influenced by 
the continental climate, the climate of the coastal plain is mostly dominated by the Mediterranean 
climate, known with hot and drought summers and mild winters with precipitation. For the middle 
part of the basin where Taurus Mountains extends in the northeast-southwest direction, the climate 
is more rainy and colder. The part of the basin associated with the highest rainfall is in the middle of 
the highland. In the basin, annual precipitation is about 700 mm in the coastal area. This increases 
to approximately 1000 mm at higher elevations, while decreasing to 400 mm in the northern part of 
the basin. 

 

Figure 1. Location of Seyhan river basin. 

Seyhan river basin has great significance from different aspects. Agriculture has the biggest 
share in the basin and IPCC indicates the area among the regions subject to the highest levels of the 
climate change impacts. The basin hosts the most fertile and productive agricultural land sections of 
Turkey and of Europe. In terms of geographical structure, Seyhan river basin consists of high 
steppes, mountainous areas, transition zones, low planes and the Çukurova Delta. The basin, which 
is one of the richest regions in the world also in terms of biodiversity, offers the people in the region 
various agricultural possibilities as dry farming, irrigated farming and livestock (Talu and Özüt, 
2011). 

2.2 Data  

In order to calculate the SPI values, precipitation values are required. In addition to the rainfall 
measurements, temperature values should additionally be available to calculate the SPEI value. The 
World Meteorological Organization (WMO) recommends the use of at least 30 year precipitation 
totals as reference time line for rainfall statistics computation. Water Scarcity and Drought Expert 
Group at European Commission Joint Research Centre (JRC) strongly recommends the period from 
January 1971 to December 2010 for the reference period to calculate the SPI (JRC, 2011). In this 
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research, the monthly precipitation and temperature data covering the period 1970-2015 were 
provided by the Turkish State Meteorological Service and 19 meteorological stations in and near the 
basin were used. These are the stations associated with the common observation period 1970-2015. 
Figure 1 also shows the spatial distribution of the selected meteorological stations. 

2.3 Data pre-processing 

Data pre-processing which includes missing value estimation, homogeneity and trend analysis 
were carried out before computing the drought indices. Missing data in the recorded series were 
completed using linear regressions with respective reference series. Maximum missing data 
percentages in precipitation and temperature data are 3.2% and 1.6%, respectively. Homogeneity 
analysis was performed to ensure that the data used in the study have adequate quality. For this 
purpose, standard normal homogeneity test, Buishand range test, Pettitt test and Von Neumann ratio 
test were applied to monthly precipitation and temperature time series. The results of the 
homogeneity tests applied to both precipitation and temperature data confirm that both precipitation 
and temperature data at all stations are homogeneous. Finally, monthly precipitation and 
temperature time series were checked for trend by using Mann-Kendal non parametric test (Mann, 
1945; Kendall, 1962).  

2.4 Drought indices, temporal and spatial analysis 

In this study, the SPI and the SPEI drought indices were used to characterize the droughts in 
Seyhan river basin. The SPI that was first introduced by McKee et al. (1993) to measure normalized 
anomalies in precipitation is the universal meteorological drought index recommended by the 
World Meteorological Organization (WMO, 2006) as described in the Lincoln Declaration on 
Drought Indices (WMO and GWP, 2016; Hayes et al., 2011). The SPI is defined as a statistical 
monthly drought indicator. It compares total precipitation values for an n-month duration with the 
long term precipitation distribution for the same period at a given location (Spinoni et al., 2015). 
First step to calculate SPI is fitting density function to frequency distribution of total precipitation 
values in a station for a given period. In this study, gamma probability density function was used 
since the software packages are generally based on the gamma distribution and because this 
distribution is used by Turkish State Meteorological Service and by the major research centres in 
the world (Wu et al., 2007; JRC, 2011). In addition, the gamma distribution is suitable for use in 
arid regions where the average rainfall is low and the variability is high since it has a skewness in 
the positive direction. After the parameter estimation of the probability density function, the 
cumulative probability of the observed precipitation for the required time scale is calculated and 
then the SPI value is obtained by converting the standard normal distribution with a mean of zero 
and a variance of one. The drought event occurs when the SPI is constantly negative and ends when 
the SPI is positive. 

SPEI, developed by Vicente-Serrano et al. (2010), is calculated using temperature data in 
addition to rainfall data used in the SPI calculation. The SPEI is expressed in terms of the 
differences between potential evaporation and precipitation data. Potential evapotranspiration is 
computed using the temperature data. SPEI is calculated similarly to SPI, except that the difference 
between the potential evapotranspiration and precipitation is used instead of the precipitation time 
series. In computation of the SPEI values, log-logistic distribution function was applied. The 
classification given by Mc Kee at al. (1993) was applied and the same classification was used for 
SPEI. 

SPEI package of R statistical program (Beguería and Vicente-Serrano, 2013) was used in 
estimating SPI and SPEI values. SPI and SPEI can be computed at any timescale (Tan et al., 2015). 
According to WMO and GWP (2016), SPI values for 3 months or less can be used for basic drought 
monitoring, while values for 6 months or less for monitoring agricultural impacts and values for 12 
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months or longer for hydrological impacts.  
SPI and SPEI values were analysed for trends using the Mann-Kendall non-parametric test. In 

order to assess spatial variation of SPI and SPEI values, ordinary kriging method (Webster and 
Oliver, 2007) was applied. Among the several drought events, some of the most severe were 
selected and SPI and SPEI values were spatially predicted and mapped using ordinary kriging. 

3. RESULTS AND DISCUSSION 

Long-term (1970-2015) monthly trend analysis for precipitation and temperature data results 
indicates that while the long term monthly precipitation does not show significant trend, summer 
temperature values for all stations show increasing trend. SPI and SPEI values were computed for 3, 
6 and 12 month-periods to assess drought conditions for each station. When the SPI values of these 
three different durationsare taken into account, the stations in the basin area with the most drought 
severity appear to be Karaisalı, Karataş and Tomarza, respectively. The Karaisalı station for 3 and 
6-month SPEI values and the Tomarza station for 12-month SPEI values are the stations where the 
drought was detected to be the most intense. Figure 2 shows the temporal variations of computed 
SPI and SPEI values for Karaisalı station from 1970 to 2015. It can be seen that SPI and SPEI 
indices for multiple time scales over Seyhan river basin prove to indicate similar behavior 
especially in 12-month values, but show some differences especially in dry seasons (SPI/SPEI < 0) 
for 3 and 6-month drought severity and durations. However, when considering wet periods 
(SPI/SPEI < 0), SPI and SPEI values give similar results in all investigated time scales. 

 

 

Figure 2. SPI and SPEI values calculated using the historical observed data (1970–2015) at Karaisalı station:(a) SPI 3 
months (b) SPEI 3 months (c) SPI 6 months (d) SPEI 6 months (e) SPI 12 months (f) SPEI 12 months. 

Figure 2 also shows the most severe drought periods. The first period is 1971-1975, the second 
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one is 1989-1993, the third one is 2005-2009, and the last period is 2013-2014. For most of the 
stations, the most severe drought years are 1973, 1989, 2013 and 2014.  

Mann-Kendall test was applied to the computed SPI and SPEI values for detecting any possible 
trend. The trend analysis showed that there exist decrease tendencies in both SPI and SPEI for all 
stations. This result suggests that the drought is in an increasing trend. 

In terms of showing the periodic changes in droughts, Table 2 was created for the period 1970-
2015 organized in 10-year intervals and the remaining 6 years in the period 2010-2015.  

 
Table 2. Drought events based on the SPI and SPEI. 

Station No Station Name Period 
Drought Events 

SPI SPEI 
3-month 6-month 12-month 3-month 6-month 12-month 

17351 Adana 

1970-1979 5 4 1 3 1 1 
1980-1989 4 3 0 3 2 0 
1990-1999 3 3 1 4 3 1 
2000-2009 6 4 2 7 4 3 
2010-2015 4 2 1 3 3 1 
1970-2015 22 16 5 20 13 6 

17802 Pınarbaşı Kayseri 

1970-1979 3 1 0 2 0 0 
1980-1989 4 3 2 4 3 2 
1990-1999 3 1 1 4 1 2 
2000-2009 5 3 1 5 3 2 
2010-2015 3 2 2 5 3 3 
1970-2015 18 10 6 20 10 8 

17837 Tomarza 

1970-1979 6 3 1 5 2 0 
1980-1989 3 3 3 3 1 1 
1990-1999 6 2 1 5 2 1 
2000-2009 7 3 1 5 2 2 
2010-2015 2 2 2 3 3 2 
1970-2015 24 13 8 21 10 6 

17840 Sarız 

1970-1979 6 1 1 2 0 0 
1980-1989 5 3 1 4 3 1 
1990-1999 6 1 1 2 0 0 
2000-2009 4 3 2 5 3 2 
2010-2015 3 1 1 4 1 1 
1970-2015 24 9 6 17 7 4 

17906 Ulukışla 

1970-1979 4 3 2 4 4 0 
1980-1989 3 2 2 1 3 1 
1990-1999 4 3 2 3 3 2 
2000-2009 3 3 1 4 5 1 
2010-2015 1 2 1 3 2 2 
1970-2015 15 13 8 15 16 5 

17936 Karaisalı 

1970-1979 6 3 2 1 3 0 
1980-1989 5 1 1 2 1 0 
1990-1999 4 2 1 3 1 1 
2000-2009 4 2 1 3 2 1 
2010-2015 3 2 1 4 3 1 
1970-2015 22 10 6 13 10 3 

17981 Karataş 

1970-1979 4 3 1 2 1 1 
1980-1989 5 5 1 3 2 1 
1990-1999 3 2 2 3 2 1 
2000-2009 5 3 1 5 4 1 
2010-2015 2 3 1 4 4 1 
1970-2015 19 16 6 17 13 4 

 
In the table only the stations within the basin are shown. The period 2010-2015 has a great 

importance as the period was the warmest 5-year recorded globally. When the drought events 
obtained by using the 3-month SPI values calculated for Karaisalı station are compared with the 10-
year periods and the last 6 year period, three drought events were detected in the 6-year period 
between 2010 and 2015 and four drought events were experienced between 2000 and 2009. By 
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using SPEI, there were four and three drought events detected for the period 2010-2015 and 2000-
2009, respectively. Table 2 shows that the occurrence of dry periods are more frequent. It can be 
said that the positive and high value index of NAO, which leads to the decrease of precipitation in 
the Mediterranean region (Visbeck et al., 2001; Krichak et al., 2013), can be effective in these 
results. 

Spatial distributions of drought severities were obtained by using the calculated SPI and SPEI 
values from the stations in and around the basin. Figure 3 shows the spatial distribution of 12-month 
SPI and SPEI values calculated for the year 2014 identified as one of the most severe drought years. 
The figure depicts that the drought indicated by the SPI values was more severe than the one 
indicated by the SPEI, and northern part of the basin seem to have been accompanied with 
comparably greater drought risks. 

 

Figure 3. Spatial distribution of SPI and SPEI for selected months of 2014. 

4. CONCLUSIONS 

In the study presented, drought severity analysis was carried out based on the SPI and SPEI 
indices in Seyhan river basin and the most severe dry periods, drought durations and affected areas 
were identified. There were no significant trend in monthly precipitation but significant trend in 
temperature data for summer months. Trend analysis of SPI and SPEI reveals a clear decrease 
tendency which presents hardening drought conditions. The results of the analysis indicate that 
there is an increase in the drought frequency especially in recent years. Retrospective drought 
analysis using drought indices shows great importance as it provides substantial knowledge on 
drought severity, duration and frequency analysis. Although the Seyhan river basin has been shown 
to be among the regions that can be mostly affected by climate change as well as having significant 
agricultural areas, the basin drought management plan has not been established yet. In this study, 
some steps were taken including the evaluation of meteorological data, assessment of drought 
trends, temporal and spatial distribution of drought in the basin and identification of drought 
durations to prepare bases that could be used in the development of the drought management plan 
for the Seyhan river basin. As a next step, projections of climate change can be used on both 
precipitation and temperature, and the expected drought conditions can be analyzed and evaluated 
using the results of this study. 
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