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Abstract- Drought occurs during a specified period of time if the amount of natural water that is used by all living things and 
various systems is below long-term average or normal levels in a regional scale.  The analysis of how the droughts can be 
caused by the lack of rain on the hydrologic systems of different regions might help define the drought events without 
predetermined time, duration and severity. Since Turkey is located on the semi-arid area of the world, drought frequently 
occurs at various periods. The Standard Precipitation Index (SPI) method is widely used on the drought researches. This 
method is very easy to apply since the only meteorological variable needed for it is precipitation. Another important advantage 
of it is the fact that is very flexible on the assessments of the drought on different timescales. In this research, a hydrological 
drought assessment in the Kemer Dam Basin will be made using the SPI method. The regionally averaged SPI time series at 
different time scales are used to determine the most appropriate time scale for monitoring hydrologic drought on river flows in 
the dam basin. The drought prediction for the basin will be very important in decreasing the effects of the drought and it will 
provide important data for the management of the sustainable water sources, aiding in the establishment of drought 
management plan for the basin. 
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I. INTRODUCTION 
 
Along with the increase of world’s population, 
urbanization, climate change, forest destructions and 
desertification the concept of drought, which is one of 
the most impactful environmental events, was 
conceived and by the time it has eventually reached to 
the proportions that poses a threat to the society, 
environment and countries. Drought is generally 
caused by lack of water and it affects many 
water-based activities, thereby affecting lives in 
various timescales in different intensities. This means 
that drought has a close relationship with 
environmental, economic and social concepts. While 
the drought’s effect on these concepts increases day by 
day, it is not fully understood as a concept and its 
effects are not assessed nearly enough. The drought 
was analyzed with different perspectives throughout 
the past years and because of the fact that it affects 
many areas, it doesn't have one and only definition that 
is accepted by various spheres. The rate of 
precipitation being below normal or average 
somewhere on the earth and in a certain timescale was 
the basis of many definitions of the drought and lack 
of rain has become a common term for these 
definitions. Drought is generally defined as a natural 
disaster that occurs when the precipitation drops 
below the recorded normal levels of the area, which 
creates a lack of water that negatively affects daily 
activities. Depending on the affected area, drought has 
many definitions in the literature. Meteorological, 
agricultural, hydrological and socio-economical 
drought definitions are the most common ones [1], [2]. 
If the drought period exceeds a certain period of time, 
agricultural, hydrological and water source droughts 
occur. 

The greatest factor that distinguishes drought from the 
other natural disasters is the fact that the start and the 
end of the droughts are ambiguous, it increases 
cumulatively, it affects various resources at once 
therefore it has a great economic side and the number 
of parameters that caused it is very high. For these 
reasons, drought in an area is defined according 
factors such as the frequency, intensity, timescale and 
affected area. Likewise, because of the fact that 
drought’s nature is very complicated, it is very hard to 
define and observe drought events. 
The most important knowledge’s to have when doing 
drought research is the expected drought period, the 
scale and the recurrence interval. Therefore, it is 
important to know the duration, intensity, magnitude 
and the area size properties of the drought. Researches 
offer and suggest various approaches and methods to 
define drought, determine the relationships between 
them and research the drought event is general. There 
are various different criterions for detection of 
droughts in every country or area [3], [4]. The 
scientific researches on droughts have started in the 
1940’s in Turkey. These studies were done using 
various methods and some of them focused on Turkey 
while the others focused on different geographical 
areas or regions [5]-[9]. 
Since our country is in the semi-arid climate area, 
droughts based on atmospheric states, physical 
geography factors, and climate conditions are very 
common. The sudden decrease of precipitation in 
Africa's Sahel region and sub-tropical areas in 1960's 
have started to show its effect in East Mediterranean 
Basin and Turkey starting in the 1970’s, especially 
during the winter periods. Summer droughts in Turkey 
are very common with the exception of Black Sea 
rainfall province, Northern Marmara and Northeastern 



International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-2, Issue-5, Oct.-2015 

Hydrologic Drought Investigation In The Kemer Dam Basin Using The SPI Method 
 

36 

Anatolia regions, due to dominant physical 
geographical conditions while having variety 
depending on the area and time-based factors. This is a 
common characteristic of the sub-tropical greater 
Mediterranean climate. Since the start of the 1970’s, 
the drought events properties of areal spread, 
frequency and intensity show an increase in Turkey 
[10]-[15]. The droughts with the greatest intensity and 
the largest areal spreads occurred in Turkey in the 
following years: 1953-1954, 1956, 1964, 1973, 1977, 
1984, 1989-1991, 1999-2000, 2001-2004 and 
2007-2008 [10], [16]-[17]. 
Since Turkey is located on the semi-arid region in 
climate classification, it is affected by drought and the 
sensitivity of the locations against drought and the 
scale of influence of the droughts may show varieties 
at different regions. Effects of the drought can be 
reduced to a minimum if its areal and time-based 
alterations are observed closely. In Turkey, the water 
resource management and planning is done based on 
25 hydrologic basins. Sub-basins are taken into 
account on the created projects. The effective planning 
and management of the water resources require a 
systematic work done on the basins and sub-basins. 
For this research, a hydrological drought analysis will 
be done on the Kemer Dam basin, which is a sub-basin 
of the Büyük Menderes basin (Figure 1). 
 

 
Figure 1. Kemer Dam Basin 

 
Within the scope of this research, the SPI series 
gathered on different timescales will be used to 
determine the effects of drought on the river flows in 
the basin and the best SPI timescale for hydrological 
drought observation will be determined. In the 
research, the data for average monthly precipitation 
obtained from the Turkish State Meteorology 
Directorate and monthly flow volume data obtained 
from the General Directorate of State Hydraulic 
Works of Turkey was used. The information relevant 
to data is given in Table I. 
 

Table I. Precipitation and river flow data used in the study 

 

II. MATERIAL AND METHOD 
 
A. SPI Method:  
Since precipitation shows great variance in area and 
time period, it is the main factor for the existence of 
water for most systems. For this reason, many drought 
indexes are based on precipitation conditions. The 
precipitation conditions that are used to determine 
drought include a comparison between received rain 
and central slope measurements (average-median 
etc.), the usage of measures of dispersion such as 
standard deviation range, characteristics of 
wet-drought periods and the usage of precipitation 
limitations related to the sensitive levels of some 
known system’s water necessities [18]. 
The SPI method, which has been popular for the 
observation of drought in the recent years, was 
invented in 1993 by Mckee et al. [19]. Since the only 
required meteorological variable needed in this 
method is precipitation, it is very easy to apply. 
Another important advantage of it is its flexibility 
when measuring drought for different time periods. 
Only the arithmetic average and standard deviation of 
precipitation time series are needed to calculate the 
standardized values.  Standardized precipitation series 
for any X1, X2,…., Xn precipitation time series, xi, is 
calculated using the equation below. 

x

i
i S

XX
x




                  (1) 

HereX represents the arithmetic average of the series 
and Sx represents the standard deviation of the series. 
Different timeframes, such as 1, 3, 6, 9, 12, 24 and 48 
months will be set to observe the general changes on 
indexes while taking the effects of lack of precipitation 
into account. Subjective reasoning, such as how long a 
deficiency in precipitation would take to create a 
visible effect on the usable sources of water, was used 
to determine these timescales. For example, while any 
decrease in the precipitation in any given month 
affects the soil moisture in a relatively short time (1-3 
months) it takes a considerably longer time for it to 
affect the underground waters and rivers (3-6 months) 
[20]. A negative value on a drought assessment made 
using SPI values shows precipitation deficiencies or 
drought periods while a positive value shows a surplus 
in precipitations or pluvial periods. Four individual 
drought classifications were made by aforementioned 
researchers for different SPI ranges (Table II). 

 
Table II. SPI drought categories 

 
 

Drought intensity determination for various SPI 
ranges is very important for drought analysis and 
drought observation studies. SPI is method, which 
uses the regions precipitation data to determine the 
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start, the increase in intensity and the end of a drought 
in a region, meaning that it produces very healthy 
results based on the precipitation data to produce the 
most important variables of a drought: duration, 
magnitude and intensity. This method preferred 
because it does analysis on time periods ranging from 
1 month to 48 months to show the effects of the lack 
precipitation on various water sources and it is 
successful on both area based and time-based 
normalizations. 
 
III. IMPLEMENTATION 
 
A. Drought Analysis on the Kemer Dam Basin: 
Kemer Dam basin, which is a sub-basin of the Büyük 
Menderes basin, is about 3482.97 km2 in area size 
(Figure 2). Basin’s northern part is on the Mid 
Anatolia climate region and the southern part is on the 
climate transition region that transitions from the 
Mid-Western Anatolian climate region to Western 
Mediterranean climate region. The basin climate 
shows variety because of elevation and distance from 
the sea factors. The basin climate usually shows the 
characteristics of the Mediterranean climate but the 
eastern parts of the basin transitions into continental 
climate. Basin has warm, wet and windy winters and 
drought summers. Spring and fall receive less rain 
from the winter but more rain from the summer. The 
mean annual precipitation on the basin is about 830 
mm. Temperatures show variance depending on 
elevation which can change over small distances and 
other topographical conditions. The yearly average 
temperature on the basin is 13.6˚C. Hottest month is 
July while the coldest month is January. The 
temperature steadily increases from January to July 
and it gradually decreases from July to January. The 
basin is more or less surrounded by high mountains. 
The basin is generally a forest with the exception of 
the northeastern parts of it, as the less rainfall there 
means a transition from woodlands into shrubbery 
steppes. The Kemer Dam was built on the Akçay River 
with the purposes of irrigation, energy and flood 
control. On normal water levels, it has a 15 km2 lake 
area and 358 hm3 lake mass. The average monthly 
flow to the dam is about 40.31 hm3 and the maximum 
monthly average flow is 298.43 hm3. 
 

 
Figure 2. Kemer dam basin and the meteorology stations 

utilized in the study 

Arithmetic Average Method was used to try to 
complete the missing parts of the monthly 
precipitation data gathered from the 5 closest 
meteorology stations (Denizli, Acıpayam, Muğla, 
Köyceğiz, Yatağan) with the help of the data gathered 
from other nearby meteorology stations. A 
comparison was made between the monthly 
precipitation data of each station. It was observed that 
the greater distances between two stations meant that 
the correlation value between the data of the stations 
was lower. By using monthly precipitation values for 
the time period between 1954 and 2013 from 5 
different meteorological stations which had their data 
completed afterwards, with the Thiessen polygon 
method regional average precipitation values have 
been calculated. A correlation value analysis was 
made between regional average precipitation values 
calculated with this method and the precipitation data 
for each station. (Table III). It can be seen that Pearson 
correlation value factors are relatively higher. 

 
Table III. Correlation between the regional series and the 
precipitation series of the different meteorology stations 

 
 

SPI timescales ranging from 1 month to 24 months 
were set using the regional average precipitation data. 
Figure 3 has the regional average SPI time serials 
calculated for 1, 3, 6, 9, 12 and 24-month timescales. 
This figure shows the drought and wet periods on 
different periods, the frequency of these periods and 
information about the properties of the drought. In 
short timescales the frequency (SPI<0) of the drought 
periods are very high but as the timescale widens, the 
frequency of arid periods decrease. This means that, 
moving towards longer periods from shorter decrease 
the drought frequency and moving towards longer 
periods from shorter periods increase the duration and 
the magnitude of the droughts. 
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Figure 3. Evolution of the SPI at different time scales in the 

whole of the study area 
 

The regional average yearly SPI serial was analyzed 
(Figure 4). The results of the 1954-2013 year period’s 
assessment show a total of 29 droughts throughout the 
60-year period. The distribution of droughts based on 
intensity is 1 extremely severe, 5 severe, 2 medium 
severity and 21 mildly severe droughts. The average 
duration of these droughts is 1.93 years and maximum 
duration of droughts of the 1955-1959 and 1989-1993 
periods is 5 years. Average drought severity is -0.39 
(mildly severe) and the maximum drought severity for 
the year 2008 is -2.16 (extremely severe). When the 
droughts were analyzed based on years, the 
1955-1959, 1963-1964, 1972-1974, 1985-1987, 
1989-1993 and 1999-2000 periods have had 
long-duration droughts. It can be seen that drought 
events in the basin happen because of lack of 
precipitation. 
 

 
Figure 4. Kemer dam basin yearly SPI time series 

 

With the help of the regional average’s three month 
SPI series, wet and drought situations were analyzed. 
Figure 5 shows the difference in the lack of 
precipitation between seasons. The analysis shows 
that almost every season has drought periods and the 
drought events show similar spreads between seasons. 
In total, the winter season has 29 years, the spring 
season has 29 years, the summer season has 30 years 
and fall season has 27 years of drought. Extremely 
severe droughts happened mostly on the fall season, 
severe droughts mostly on winter season, medium 
severity droughts mostly on the summer season and 
the mildly severe droughts happened mostly on winter, 
summer and fall seasons. To add, there were no 
extremely severe droughts on winter season. Likewise, 
there were no severe droughts on the fall season. 
While the severity spread between seasons shows 
similar values, the average drought period durations 
show discrepancies. The winter season has the longest 
average duration of droughts while the spring has the 
shortest average durations. The geographical location 
of the basin cause different precipitation regiments 
between seasons and create irregularities in drought 
events. Seasonal analysis results detected that 
throughout 60 years; almost each season has 
diversified drought events. 
 

 

 

 

 
Figure 5. Wet and dry periods in winter, spring, summer and 

autumn seasons in Kemer dam basin 



International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-2, Issue-5, Oct.-2015 

Hydrologic Drought Investigation In The Kemer Dam Basin Using The SPI Method 
 

39 

In order to determine the optimum SPI timescale for 
the observation of hydrological drought using the flow 
values in the Kemer Dam Basin, the standardized 
monthly average flows were compared with the 
monthly SPI values. In this regard, the standardized 
flow values were first compared with the SPI values 
on monthly basis. Then, they were compared on 
seasonal basis. 
Figure 6 shows the correlation between standardized 
flow values and SPI values at different timescales. 
According to this, the maximum correlation 
coefficient between flow and SPI was R=0.55, which 
was calculated when short timescales (1-6 months) 
were in use. For SPI, maximum correlations for short 
timescales were calculated using 2-month timescale. 
 

 
Figure 6. Correlation between continuous standardized series of 

river flow and the SPI at different time scales 
 

Figure 7 shows the correlation factors between 
standardized monthly flow values and the monthly SPI 
values at different timescales. Here it is shown that 
flow shows seasonal changes with the SPI at different 
timescales. For time scales shorter than 6 months, the 
maximum correlation values (R≥0.73) occur in the 
winter season (December, January and February), in 
the start of the spring season (March) and at the end of 
the fall season (November). Maximum correlations 
(R>0.75) in the winter season were found in December 
at 3 month timescale (R=0.89), in January at 2 month 
time scale (R=0.87) and in February at 1 month time 
scale. Maximum correlation in the spring season was 
found in March at 2 month timescale (R=0.73) and the 
maximum correlation in the fall season was found in 
November at 5 month timescale (R=0.73). Correlation 
values at short time scales (shorter than 6 months) for 
the springs end, summer and fall season's start are 
relatively smaller than winter, start of the spring and 
the end of the fall and their highest correlations were 
detected at 1-2 month timescale. Correlation values 
start decreasing during the end of the fall (R<0.60) and 
start increasing again during the middle of the fall 
(October) (R≥0.73). At the 6-12 month time scales, 
relatively larger correlation values (R≥0.70) occur 
during the winter season (December- January), the 
start of the summer season (June) and the end of the 
fall and start of the winter season (November). The 
maximum correlation values at these timescales were 
obtained in the winter season (R=0.89), during 
December at 8 month timescale. Moreover, if we 
assess the maximum correlations within the long and 
short timescales together, there is a noticeable and 

gradual increase in the correlations of the SPI time 
scale from February to July and the maximum 
correlation for February was detected at 1 month 
timescale and the maximum correlation for July was 
detected at 8 month timescale. For the period between 
August and January, the maximum correlations were 
detected at 1-2 month short time scale (7 month 
timescale for November and 3 month timescale for 
December). 

 
Figure 7. Correlation coefficients between standardized 

monthly series of river flow series and the monthly SPI series at 
different time scales 

 
Figure 8 shows the evolution of SPI at the time scale of 
three months and the standardized values of river flow 
in December, the month in which the highest 
correlation between both variables was recorded. 
Significant droughts happened in the basin that 
happened on previous years (1999, 2000, 2006 and 
2008) can be clearly distinguished in this figure. 

 
Figure 8. Interannual evolution of the standardized river flows 

and the SPI at the time scale of 3 months in December 
 

CONCLUSION 
 
For this study, a hydrological drought assessment was 
done on the Kemer Dam basin, which is in the Büyük 
Menderes basin in our semi-arid climate country. 
Using the SPI values calculated for different 
timescales, a drought analysis was performed to assess 
dry and wet periods, drought properties at different 
timescales and their impact on the river flow values. 
Using the regional precipitation averages data, 
analyses were done on different time periods ranging 
from short terms such as 1, 3, 6 months to long terms 
such as 12 and 24 months. When the SPI time serials 
for the specified timescales are analyzed, it was seen 
that the short timescales have an increased frequency 
of drought periods and the frequency gradually 
decreases as timescale increases. When the droughts 
were analyzed based on years alone, it was seen that 
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the periods of 1955-1959, 1963-1964, 1972-1974, 
1985-1987, 1989-1993 and 1999-2000 have had 
long-term droughts. It was determined that the drought 
events in the basin happen because of the lack of 
precipitation. On the season based assessment, it was 
seen that, throughout 60 years, almost every season 
had drought events on varying intensities and while 
the total drought durations are somewhat close to each 
other, the seasonal researches have also shown that 
throughout 60 years, almost all seasons have had 
drought events with varying intensities. However, it 
was detected that the aridest season was winter; while 
the most humid season is the fall. This has lead to the 
result that the lack of precipitation is different for each 
season. The geographical location of the basin causes 
different rain regiments for different seasons and 
causes irregularities in the drought events. For 
monthly analysis, the maximum correlation between 
the SPI and the standardized flow for the Kemer Dam 
was found 0.55 at 2 month timescale. A strong 
correlation between short term SPI and standardized 
flow was detected in the Kemer Dam basin and this 
correlation decreases gradually as the timescale 
increases. Various seasonal differences were detected 
during the monthly comparisons performed when 
determining the seasonal changes. For the Kemer Dam 
Basin, the maximum correlation value was detected 
for the winter season was detected in December at 3 
month timescale (R=0.89), for the spring season in 
March at 2 month time scale (R=0.73), for summer 
season in June at 7 month timescale (R=0.70) and for 
fall season in March at 7 month timescale (R=0.77). 
The SPI timescales gathered to observe the 
hydrological drought on the river flows in the scope of 
the research, which uses the Kemer Dam basin’s flow 
data, show a parallel to the theoretical studies 
[21]-[23]. 
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