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Climate change increases the odds of worsening drought in many parts of the World. Climate 

projections for the Mediterranean basin in which Turkey is located expresses alarming conclusions 

about severe droughts. Droughts are expected to prevail in different severities and periods 

throughout Turkey. Iğdır plain, which lies in eastern part of Turkey is convenient for cultivation of 

many agricultural products because of its fertile soils and micro-climatic properties. In this study, 

drought analysis were carried out for Iğdır by using Standardized Precipitation Index (SPI), 

Reconnaissance Drought Index (RDI) and Streamflow Drought Index (SDI). The data (precipitation 

and flow) were obtained in monthly intervals from Turkish institutions, namely General Directorate 

of Meteorology and General Directorate of State Hydraulic Works. Study was aimed to examine the 

integrated effect of low precipitations and high temperatures on hydrological and meteorological 

drought. Annual SPI results show that four severe and three moderate drought events whereas RDI 

detected four severe and four moderate drought events for the study period (47 years, 1971-2018). 

SPI index detected severe category droughts in the water years of 1980, 1989 and 1997. RDI detected 

severe category droughts in the mentioned years together with one more event in 2000. SDI 

identified 2002 as extreme drought year, and identified 1982, 1984, 1986 and 2002 as moderate 

drought years.  The output of the study is aimed to serve for better understanding of droughts in the 

Igdir Plain. 
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Introduction 

“Drought is an insidious natural hazard that results in a 

deficiency of precipitation from expected or ‘normal’ that, 

when extended over a season or longer, is insufficient to 

meet the demands of human activities and the 

environment” (Wilhite and Buchanan-Smith, 2005). Main 

characteristics of a drought can be summarized as severity, 

duration, intensity and spatial extent.  

Drought effects all human life and grouping of drought 

is mainly based on the effects of it. American Meteorology 

Society (2004) proposed four main groups: a) 

Meteorological drought can be defined as the shortage of 

precipitation over an area for a determined period. b) 

Hydrological drought can be expressed as the deficiency of 

surface and groundwater resources. c)Agricultural drought 

is related with the lack of soil moisture which causes crop 

failure. d) Socio-economic drought occurs when the water 

resources system can’t support the human needs (drinking 

and industrial water supply, hydro-energy, agriculture etc). 

Because drought is a natural climatic phenomenon and 

has many adverse effects on life, it is crucial to have 

drought management plan. The first step of these plans is 

the analysis of drought conditions. So far, many drought 

indices have been proposed in order to identify drought 

such as Standardized Precipitation Index (SPI) (McKee et 

al., 1993), China-Z index (CZI) (Wu et al., 2001), 

Streamflow Drought Index (SDI) (Nalbantis and Tsakiris, 

2008), Palmer Drought Severity Index (PDSI) (Palmer, 

1965) and Reconnaissance Drought Index (RDI) (Tsakaris 

and Vangalis, 2005). A brief review of drought indices can 

be found Handbook of Drought Indicators and Indices 

explaining the type (meteorological, hydrological, remote 

sensing or composite), input parameters, strengths and 

weaknesses (WMO, 2016).  

Drought is a well-known characteristic of Turkey’s 

climate. The areal annual average precipitation over 

Turkey is 574 mm whereas maximum is 25% higher and 

minimum is 22 % lower for the period of 1981-2010 (Selek 

and Aksu, 2019). Many severe drought periods which 

caused famines, diseases and migration have been 

experienced in Anatolia. Over the last 40 years, the longest 

http://creativecommons.org/licenses/by-nc/4.0/
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and the most severe drought events occurred between the 

years 1971-1974, 1983-1984, 1989-1990, 1996-2001, and 

2007-2008 (Kurnaz 2014). Although many studies have 

been conducted for the analysis of drought conditions in 

some parts of Turkey (Erinç, 1949; Sırdaş, 2002; Keskin et 

al. 2007; Türkeş and Tatlı, 2008; Apak, 2009; Cetin at al., 

2018; Çavus and Aksoy, 2019), there are very limited 

number of studies focusing especially on Iğdır. In 2007-

2008 period, Turkey has experienced severe drought 

conditions and one of the negative effects of these events 

was mainly on agricultural production. So, drought and 

agricultural production relation is another important aspect 

which must be studied in detail. As an example, the wheat 

production of Turkey was 21.5×106 tons in the year of 

2005, it was 17,234,000 tons in 2007 and 17,782,000 tons 

in 2008 (aproximately 20% less) as regards to severe 

drought conditions prevailed over Turkey (Şimşek and 

Çakmak, 2010).  

Study area (Iğdır) is located in the eastern part of 

Anatolia has micro-climatic conditions convenient for 

agricultural production so that the area is known as eastern 

Çukurova and farmers cultivate very diverse agricultural 

products (every kind of cereals, fruits, vegetables, walnut, 

cotton etc). Iğdır city has 118,500 hectare fertile 

agricultural lands.  

In this study, SPI, RDI and SDI drought indices were 

calculated to evaluate drought conditions over Iğdır. 

Precipitation, temperature and naturalized streamflow data 

was used to figure out the relation between meteorological 

and hydrological droughts in monthly time scale and water 

year format. Water year is the timespan between 1st 

October to 30th September for northern hemisphere. All 

three drought indices were calculated based on water year 

time format and each index value are comparable with each 

other. 

 

Material and Method 

 

Study Area and Data 

Iğdır is a border city of Turkey with three countries 

(Armenia, Nahcıvan and Iran) (Figure 1). Neighbouring 

cities are Erzurum, Ağrı, Kars and elevation of these cities 

are 1.900, 1.640, 1.760 meters respectively. The elevation 

of Iğdır meteorology station located at the center of Iğdır 

is 856 meters. The elevation difference between Iğdır plain 

and surrounding mountainous area is the main reason of the 

micro-climatic characteristic of the region. According to 

the Köppen-Geiger climate system, climate of Iğdır is 

categorized as sub-tropical steppe climate (Bsk) whereas 

the Erzurum and Kars are cities categorized with their cold 

snowy forest climate humid in all seasons (humid 

microthermal) Df (mostly Dfb) (Türkeş 2019). 

 

 

 
Figure 1 Iğdır Plain and Elevation Map of Turkey 

 

 

Iğdır meteorology station is the only one, which has a 

long term meteorological records in the plain. Monthly 

total precipitation and monthly average temperature data 

were used between (1971-2018). Stream gauging stations 

data (station ID: E24A009 and E24A018) were analysed 

(normalized monthly total flow data between 1981-2011). 

Normalization is based on the logarithmic transformation 

of flow data. All the data were converted in the water year 

format. Yearly wheat productivity per hectare values were 

obtained from Turkish Statistical Institution for the period 

of 2004-2018. 

 

Methodology 

SPI, RDI and SDI drought indices were calculated to 

evaluate drought conditions over Iğdır. Indices were 

calculated as monthly, 3-month and yearly basis by DrinC 

program (Tigkas et al., 2015). 

DrinC (Drought Indices Calculator) is a free software 

package to calculate SPI, RDI, SDI and PN drought 

indices. Potential evapotranspiration can be estimated by 

Hargreaves (Hargreaves and Samani 1985), Thornthwaite 

(1948) and Blaney-Criddle (Blaney and Criddle 1950) 

methods. DrinC is a visual basic program and runs on Ms 

Windows, user friendly and has many graphical interfaces. 

DrinC can be used for drought identification, monitoring, 

and determination of areal extent of droughts.  

Standardize Precipitation Index (SPI) was proposed by 

Mckee et al. (1993). The advantage of the method is that 

the input parameter is limited solely with monthly total 

precipitation. SPI corresponds to z score, expresses the 

distance from the mean as standart deviation unit. For this 

reason, SPI can be used to assess the areal extent of 

droughts. Precipitation data is fitted to a probability 

distribution and then transformed to a normal distribution. 

Mean values correspond to average situation whereas 

positive and negative values show high and low 

precipitations respectively. Thom (1958) proposed Gamma 

distribution for historical precipitation time series. 

Probability density function of Gamma distribution is 

defined as: 
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g(x)= 
1

β
α
Γ(α)

xα-1e-x/β, for x>0   (1) 

 

where; α is shape parameter, 𝛽 is scale parameter, x is 
precipitation amount, Γ(α) is Gamma Function. α and β 
parameters can be estimated by Maximum likelihood: 

 

a=
1

4A
(1+√1+

4A

3
) , β=

x̄

a
, where A=In(x̄)-

∑ ln (x)

n
 (2) 

 
Then cumulative probability function is calculated for 

a given period (1, 2, 6, 9, 12, 24 months). If the 
precipitation data series have zero values, then cumulative 
probability becomes as follows: 

 

H(x)=q+(1-q)G(x)    (3) 
 
The cumulative probability H(x) is then transformed to 

the standard normal random variable z with mean zero and 
variance of one (Abramovitz and Stegun, 1965). 

The Reconnaissance Drought Index (RDI) (Tsakaris 
and Vangalis, 2005) is calculated by monthly precipitation 
and potential evapotranspiration values for different time 
scales. The potential evapotranspiration is computed by the 
Thornthwaite formula in this study. Initially, αk is 
presented as the coefficient of the ith year in an aggregated 
form using a monthly time step, and can be calculated on a 
monthly, seasonal or annual basis as the following: 

 

ak

(i)
=

∑  PPij
k
j=1

∑ ETij
k
j=1

, i=1:N and j=1:k   (4) 

 
where; Pij is precipitation, ETij is potential 

evapotranspiration in jth month of ith year. 
Normalized RDI (RDIn) is calculated by utilizing the 

arithmetic mean of ᾱ0 values calculated for the N years of 
data as given below: 

 

RDIn
i =

a0
i

ᾱ0
-1     (5) 

 
Standardized RDI (RDIst) is calculated, using the 

following equation for each period: 
 

RDIst
i =

yi-yort

σy
     (6) 

 

Where, 𝑦𝑖  is the ln 𝑎𝑘
(𝑖)

, 𝑦𝑜𝑟𝑡  is its arithmetic mean and 

σy is its standard deviation. 
Standardized RDI was used in order to estimate 

cumulative distribution function of short time period data 
series including zero values. 

Drought severity can be categorised in mild (−0.5 to 
−1.0), moderate (−1.0 to −1.5), severe (−1.5 to −2.0) and 
extreme classes (< −2.0). 

Potential evapotranspiration is calculated by 
Thornthwaite method (1948): 

 

PET=16 × (10 × t/ l) α ×G   (7) 
 
where, PET is monthly evapotranspiration, t is monthly 

average temperature (°C), l is annual heat index, and G is 
latitute correction. 

 

α:6,75×10-7×I3-7,71×10-5×I2+1,79×10-2×I+0,432 (8) 

 

l= ∑ i 12
1   (9) 

 

i=(t/5)1.51     (10) 

 

Streamflow drought index (SDI) proposed by Nalbantis 

and Tsakaris (2008) to identify hydrological drought is as 

given below: 

 

Vi,j= ∑ Q
i,j

 i
3k

j=1

=1,2,…j=1,2,…12 k=1,2,3,4  (11) 

 

where, Qi,j is monthly streamflow volumes, and Vi,k is 

the cumulative streamflow volume for the i-th hydrological 

year 

 

SDIi,k=
Vi,k-Vkort

sk
 i=1,2,…, k=1,2,3,4  (12) 

 

Drought categories of SDI are identical with SPI and 

RDI classes as given above. 

 

Results and Conclusion  

 

Annual SPI results show four severe and three 

moderate drought events for the study period (47 years, 

1971-2018) whereas RDI detected four severe and four 

moderate (Table 1). 15% and 17% of the study area suffer 

from severe and moderate droughts as regards to SPI and 

RDI results respectively.  

SPI index detected severe category droughts in the 

water years 1980, 1989 and 1997. RDI detected one more 

severe category drought in 2000 in addition to 1980, 1989 

and 1997 (Figure 2 and 3). Moderate droughts were 

identified in 1979, 1996, 1998 and 2008 water years by 

SPI. Moderate drought years detected by RDI were the 

same with those of SPI except the one occur in 2000, which 

was determined as near normal in RDI. Moreover, RDI 

identified 2008 as moderate drought year. 

No extremely meteorological drought event was 

detected by SPI and RDI over the study area during the 

study period. The longest period of drought was between 

1996 and 1998 (three years) and the second longest period 

was 1979-1980.  

SDI identified 2002 as extreme drought water year and 

1982, 1984, 1986 and 2002 as moderately drought water 

years. It is clear that there is a lag between hydrological 

and meteorological droughts. For example, 1982 was 

moderate, 1979 was moderate and 1980 was severe 

drought years (Figure 7). 

According to three months assessment, SPI detected 

January and June of 1989, as well as October-December of 

2000 as extreme drought periods. RDI identified same 

periods together with July-September of 1994 and January-

March of 2008 (Figure 2, 3, 4). 

Drought indices and agricultural productivity values 

were evaluated by correlation analysis but no significant 

correlation was found (for 10% significance level) because 

the agricultural productivity is not only the function of 

climate but also it has close link with good agricultural 

practices (irrigation management, fertilizer applications 

etc.).  
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Table 1 Drought Categories SPI, RDI (1971-2018), SDI (1981-2010) 

Iğdır 
Extremely 

Dry 

Severely 

Dry 

Moderately 

Dry 

Near 

Normal 

Moderately 

Wet 

Very 

Wet 

Extremely 

Wet 

SPI 0 4 3 32 5 2 1 

RDI 0 4 4 31 6 1 1 

SDI 1 0 4 21 2 1 1 

 

 

 
Figure 2 Three Months SPI Values 

 

 

 
Figure 3 Three Months RDI Values 

 

 

 
Figure 4 Three Months SDI Values 

 

 

 
Figure 5 Annual SPI Values 
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Figure 6 Annual RDI Values 

 

 

 
Figure 7 Annual SDI Values 

 

 

 

Siberian High Presure (cP) is one of the major system 

affecting the weather conditions of Easthern Anatolia in 

winter and causes less precipitation. Continental tropical 

pressure system known as Basra Low Pressure (cT) causes 

convective precipitation and high temperatures in summer 

time. Drought can be monitored by synoptical analysis of 

the region. Two severe drought period detected by three 

month RDI calculations correspond to winter times. Future 

detailed studies on teleconnection patterns (NAO and AO) 

and Iğdır droughts may be useful for better understanding 

of the main drivers.  
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