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Abstract: Analysis of temporal variation of reference evapotranspiration (ET0) is of great importance in arid and semi-arid 
regions where water resources are limited. In this study, temporal variation of reference evapotranspiration (ET0) with 
parametric and non-parametric tests and regional drought analysis using SPEI (Standardized Precipitation 
Evapotranspiration Index) method with L-moment parameter estimation have been carried out in semi-arid Konya 
closed basin in Turkey. Reference evapotranspiration of concerning closed basin in the basin has been estimated using 
Penman-Monteith method and one calendar year has been split up multi-scalar periods as 1 month, 3 months, 6 
months, 9 months and 12 months. Temporal variation of reference evapotranspiration according to multi-scalar 
periods has been analyzed through parametric Augmented Dickey-Fuller (ADF) test and non-parametric Mann-
Whitney U (M-W) test. Significant increasing and little trends for reference evapotranspiration (ET0) have been 
detected. According to SPEI method for multi-scalar periods, mild drought has been experienced in general, and 
however there have been also a significant amount of events where moderate and severe droughts occurred in the 
basin. When compared with another index RDI (Reconnaissance Drought Index) method using evapotranspiration, it 
can be said that the SPEI method is particularly sensitive to extreme and severe drought estimates. For estimating 
regional drought pattern with L-moments for SPEI values, one climatologically homogeneous region has been stated 
using discordancy, heterogeneity and goodness of fit tests. The best suitable regional distributions for the periods have 
been found 5-parameter Wakeby distribution. According to Wakeby distribution for homogeneous region, probable 
regional SPEI quantiles have been estimated various return period. 
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1. INTRODUCTION  

In the arid and semi-arid regions where water resources are limited, the temporal variation of the 
reference evapotranspiration analysis is very important. Reference evapotranspiration is one of the 
important parameters to calculate the crop water requirement. Konya closed basin is one of the 
major agricultural regions of our country at the same time that the annual rainfall is extremely low. 
Surface water resources are extremely limited and only ground water resources are available. But 
ground water resources are also very deep. Therefore, estimating the water consumption by plants 
properly and knowing how it changes over time is extremely important in terms of water 
requirement. The region under the influence of global warming and drought, income expected from 
agricultural production, the most important factor in achieving estimation and acquisition of water 
has gained importance. Drought is stated that relationship of water shortage with humidity of a 
region of its temporary imbalance. The most important factors affecting drought are high 
temperature, strong wind, low humidity and less than normal precipitation. Many indices to indicate 
drought developed. These indices are from an arid region benefit in extracting short and sufficient 
information (Agnew, 1990; Agnew and Warren, 1996). At the same time, these indices are very 
important to minimize the drought effect and to manage the water resources. Standard Precipitation 
Index (SPI) only considers precipitation, while Standard Precipitation Evapotranspiration Index 
(SPEI) and Reconnaissance Drought Index (RDI) consider both precipitation and evapotranspiration 
(Tsakiris and Vangelis, 2004, 2005; Tsakiris et al., 2007; Tsakiris, 2010; Unlukara et al., 2010a; 
Anli et al., 2011; Vangelis et al., 2013). Time-series analysis such as Mann-Kendall, Mann-Whitney 
U, Augmented Dickey-Fuller and moving average methods are usually used for temporal changes 
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of climatic parameters by researchers (Unlukara et al., 2010b; Zhang et al., 2010; Yang et al., 2011; 
Tabari et al., 2012; Ye et al., 2013). 

In this study, temporal variation of reference evapotranspiration (ET0) with parametric and non-
parametric tests and regional drought analysis using SPEI (Standardized Precipitation 
Evapotranspiration Index) method with L-moment parameter estimation have been carried out in 
semi-arid Konya closed basin in Turkey for planning and management water resources and crop 
water requirement and partly estimate the capacity of groundwater resources to be important for 
agricultural water use in the basin. 

2. STUDY AREA AND AVAILABLE DATA 

One of 26 main river basins in Turkey is Konya closed basin having an area of 53.850 km2 and 
its area is about % 7 of Turkey’s total area. The basin located in the central Anatolia region is 
bounded 36º51' and 39º29' N latitudes, 31º36' and 34º52' E longitudes. The region is characterized 
by a semi-arid continental climate; summers are hot and dry whereas winters are cold and moist. In 
terms of the hydrology of the basin, the surface water resources are of little importance as there are 
only few rivers and creeks. Most of the water is transported as groundwater; therefore, groundwater 
is of great importance for the water management of the basin. Mean annual total rainfall of the basin 
which has continental climate is very low when comparing the mean of Turkey (412 mm).  

In this study, monthly precipitation, minimum and maximum temperature, relative humidity, 
wind speed and sunshine data set measured between 1971-2015 were used in Aksaray, Cihanbeyli, 
Eregli, Karaman, Konya and Nigde meteorological stations in Konya closed basin for calculation of 
reference evapotranspiration with Penman-Monteith method, standard precipitation 
evapotranspiration index and estimation of regional SPEI.  

3. METHODOLOGY 

3.1 Reference evapotranspiration analysis 

For calculation of reference evapotranspiration, Penman-Monteith method has been used with 
CROPWAT software (Allen et al., 1998). The monthly minimum and maximum temperature, 
relative humidity, wind speed and sunshine values were used to calculate the reference 
evapotranspiration by the Penman-Monteith method. One calendar year has been split up five multi-
scalar periods as 1 month, 3 months, 6 months, 9 months and 12 months (annual). The Penman-
Monteith method was able to provide only 6 stations with the exact data required. The Penman-
Monteith method is described as follows: 

ET0 =
0.408Δ (Rn −G)+γ

900
T + 273

u2 (es − ea )

Δ+γ (1+0.34 u2)
  (1) 

ET0: reference evapotranspiration (mm/day), Rn: Net radiation at the plant surface (MJ m-2 /day), 
G: Soil heat flux density (MJ m-2/day), T: Average daily air temperature (°C) at a height of 2 m, 
u2: Wind speed at 2 m height (m/s), es: Saturated vapor pressure (kPa), ea: Actual vapor pressure 
(kPA), Δ: The curve of the vapor pressure curve (kPa/oC), γ: Psychrometric constant (kPa/oC) 
(FAO, 2013). 

3.2 Temporal variation analysis 

Temporal variation of the reference evapotranspiration for five multi-scalar periods has been 
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detected parametric Augmented Dickey Fuller (unit root) test and non-parametric Mann-Whitney U 
test.  

Parametric Augmented Dickey Fuller that is a test used to determine whether there is a unit root 
in the observed series (the series is not stationary) (eq. 2-4). 

yt = ρyt-1 + ut    (2) 

ut = stochastic error. 

yt – yt-1 = (ρ-1) yt-1 + ut   (3)  

When yt-1 is subtracted from both sides of eq. 3, eq. 4 is obtained with (ρ-1) = y. 

Δyt = δyt-1 + ut                                                                                                           (4) 

Ho: ρ=1, H1: ρ<1 
In the case (ρ-1)= 0 and δ= 0, the series of yt have a unit root. In the case |ρ| < 1, the series are to 

be stationary. τ (tau) statistic is used with Monte Carlo simulation technique for detecting the 
temporal variation. If the absolute τ value is greater than Dickey-Fuller critical tabular values, the 
time series sample is not stationary (Dickey and Fuller, 1979). 

Non-parametric Mann-Whitney U test investigates whether two independent samples come from 
the same population (Enders, 1995). The hypothesis is stated below: 

H0= two independent samples come from the same population. 
H1= two independent samples do not come from the same population. 
The two independent samples (nA and nB) are combined and the smallest number is numbered 1. 

Therefore, the U statistic is calculated for detecting the temporal variation with eq. 5: 

U=nA nB + (nA (nB+1)/2) – RA      (5) 

The RA value in the eq. 4 shows the sum of the orders of the first sample values. The mean and 
standard deviation of U statistic are µU = (nAnB)/2 and σU= (nA nB (nA+nB+1)/12)1/2, respectively. 
Therefore the Mann-Whitney test statistic is calculated with eq. 6: 

Z= (U- µU) / σU     (6) 

The Z parameter is compared with the table value (± 1.96) of the standard normal distribution at 
α=0.05 significance level. If this value is greater than the table value of the standard normal 
distribution, it is decided that the two samples are not elements of the same population. 

3.3 Standard Precipitation Evapotranspiration Index (SPEI) analysis 

The SPEI method is an effective drought index that uses precipitation and evapotranspiration 
amounts together (Vicente-Serrano et al., 2010). In this study, the reference evapotranspiration 
amounts calculated according to the Penman-Monteith method are indicated on five time scales as 1 
month, 3 months, 6 months, 9 months and 12 months. Monthly precipitation amounts are also 
indicated at the same time scales, and then the difference (Di series; water surplus or deficit) 
between the precipitation Pi and evapotranspiration ETi for the month i is calculated using eq. 7: 

Di= Pi - ETi  (7) 

After calculating the Di series, the frequency distribution showing the best fit for these series was 
estimated. For this purpose, generalized logistics (GLO), generalized extreme values (GEV), 
generalized Pareto (GPA), generalized normal (GNO) and Pearson type 3 (PE3) distributions have 
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been tried with L-moment parameter estimation method (Hosking and Wallis, 1997). Kolmogorov-
Smirnov (K-S) test has been used to select the most suitable distribution for Di series. The 
probability of each Di value was calculated using the cumulative distribution function F(x) of the 
appropriate frequency distribution. With F(x) the SPEI is obtained as the standardized values of 
F(x) in eq. 8 (Abramowitz and Stegun, 1965): 

SPEI= W – (C0 + C1W + C2W2) / (1 + d1W + d2W2 + d3W3)            (8)                        

W= (-2ln P) 0.5 for P ≤ 0.5, P= 1 - F(x) 
C0= 2.515547, C1= 0.802853, C2= 0.010328, d1= 1.432788, d2= 0.189269, d3= 0.001308.  
If P > 0.5, then P is replaced by 1 – P and the sign of the result SPEI is reversed.  
RDI (Reconnaissance Drought Index), another important index using evapotranspiration 

(Tsakiris et al., 2007) were also compared with SPEI results in this study. The classification of the 
RDI method is almost identical to SPEI. The SPEI and RDI drought categories are given in Table 1. 

 
Table 1. SPEI and RDI drought categories 

Drought Category SPEI & RDI 
Non-drought 0 ≤ SPEI & RDI 
Mild drought (MiD) -0.99 ≤ SPEI & RDI < 0 
Moderate drought (MD) -1.49 ≤ SPEI & RDI ≤ -1.0 
Severe drought (SD) -1.99 ≤ SPEI & RDI ≤ -1.5 
Extreme drought (ED) SPEI & RDI ≤ -2.0 

3.4 Regional SPEI analysis 

After calculating the SPEI values for five separate time scales, a regional SPEI analysis was 
performed for each time scale. After calculating the SPEI values for five separate time scales, a 
regional SPEI analysis was performed for each time scale. Regionalization has been performed 
according to the index-storm method with the method of L-moments. The 6 meteorological stations 
used in the study were considered as one region and the discordancy, heterogeneity and goodness of 
fit test given in Hosking and Wallis (1997) were performed. Then, regional SPEI values for various 
return periods (2, 5, 10, 25, 50 and 100 years) were estimated with the regional L-moment 
algorithm. 

For all calculations, the routines written in FORTRAN 77 source codes (L-moments, version 3.04) 
are used by Hosking (2005). These routines are compiled and run under a main executable program 
(Anli, 2015). 
 

4. RESULTS AND DISCUSSION 

Monthly reference evapotranspiration amounts were calculated according to the Penman-
Monteith method for 6 stations’ data series. The monthly reference evapotranspiration amounts 
were made into 1 month, 3 months, 6 months, 9 months and 12 months periods and their temporal 
variation were analyzed according to the parametric Augmented Dickey-Fuller and the non-
parametric Mann-Whitney U test and have been given Tables 2 and 3, respectively. 

According to the ADF test statistic and probability values in Table 2, at the 6th month, 9th month 
and 12th month of Karaman station, there is a unit root in the reference evapotranspiration quantities 
and the evapotranspiration quantities are not stable over time. Apart from this, the amounts of the 
evapotranspiration in all the periods of all other stations are stationary. 

For this test, the amount of evapotranspiration calculated with the data from the stations is taken 
as multi-time scale and 3 sub-divisions are allocated within the observation years. Then the 
variation of these sub-series over time is compared between each other. In Table 3, the reference 
evapotranspiration amounts obtained from the stations are compared with the time scales of 1, 3, 6, 
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9 and 12 months (1971-1985) versus (1986-2000), (1971-1985) versus (2001-2015) and (1986-
2000) versus (2001-2015) were compared. According to these comparisons, there is an increasing 
trend in the reference evapotranspiration quantities in the time scales of the 6, 9 and 12 months of 
the period of Aksaray station (1971-1985) versus (2001-2015) and in all time scales of (1986-2000) 
versus (2001-2015). There is a decreasing trend in the reference evapotranspiration quantities in the 
12 month time scale of Cihanbeyli station (1971-1985) versus (1986-2000) and in the 9 and 12 
month time scales of (1971-1985) versus (2001-2015). The decreasing trend in the 1 and 3-month 
time scales (1971-1985) versus (1986-2000) period, the increasing trend in the 6, 9 and 12 month 
time scales (1971-1985) versus (2001-2015) period have been observed. There is also an increasing 
trend (1986-200) versus (2001-2015) in all time scales. There is an increasing trend in the Karaman 
station (1986-2000) versus (2001-2015) for 1, 3, 9 and 12 months’ time scales. In Konya station 
(1971-1985) vs (2001-2015), an increasing trend has been observed in all time scales. (1986-2000) 
versus (2001-2015), there is an increasing trend excluding 9-month time scale. A decreasing trend 
was observed in the Nigde station (1971-1985) versus (1986-2000) for 6 and 12-month time scales, 
and in the 9 and 12-month time scaled (1971-1985) versus (2001-2015) periods. According to these 
results, it can be said that the reference evapotranspiration amounts increased in general and 
occasionally decreased in time scales. No changes were seen during periods when there were no 
increasing or decreasing trends. 

 

Table 2. The Augmented Dickey-Fuller test results 

ADF Aksaray Cihanbeyli 
1 3 6 9 12 1 3 6 9 12 

Stat -2.8967 -3.0779 -3.2239 -3.0930 -2.7142 -3.2739 -2.6502 -2.7548 -2.8191 -2.5408 
P 0.2229 0.1521 0.0981 0.1462 0.2942 0.0908 0.3192 0.2783 0.2532 0.3620 
Result stationary stationary stationary stationary stationary stationary stationary stationary stationary stationary 
 Eregli Karaman 
 1 3 6 9 12 1 3 6 9 12 
Stat -2.5376 -1.3075 -1.8702 -1.9312 -2.2034 -3.2338 -3.1983 -3.9601 -3.9818 -3.6904 
P 0.3651 0.8407 0.6231 0.5995 0.4943 0.0967 0.1050 0.0219 0.0210 0.0394 
Result stationary stationary stationary stationary stationary stationary stationary non-stat. non-stat. non-stat. 
 Konya Nigde 
 1 3 6 9 12 1 3 6 9 12 
Stat -2.7579 -2.1616 -2.0848 -1.7096 -1.7114 -3.3676 -3.0573 -2.7895 -1.7399 -1.6991 
P 0.2799 0.5105 0.5401 0.6852 0.6845 0.0770 0.1602 0.2648 0.6750 0.6909 
Result stationary stationary stationary stationary stationary stationary stationary stationary stationary stationary 

 
When calculating the SPEI values, the probability distribution showing the best fit of the Di 

series was determined according to the K-S test. According to the results of K-S test, GEV 
distribution at 1, 3, 6 and 12 months of Di series and 9 months of Di series GPA distribution station 
provided the best fit at Aksaray. In the Cihanbeyli station, GLO distribution for 1, 6, 9 and 12 
month of Di series and GEV distribution for 3 month of Di series showed the best fit. The GEV 
distribution to the Di series at all time scales at the Eregli and Konya station provided the best fit. 
The GEV distribution for the 1 and 3 month time scales and the GLO distribution for the other time 
scales were the best fit at the Karaman station. The GEV distribution for the 1 and 12 month time 
scales and the GLO distribution at the other time scales were the best fit at the Nigde station. SPEI 
values were calculated using eq. 8 according to the cumulative probability functions F(x) of the 
distributions that best fit the Di series. Drought rates occurred in observation period for time scales 
according to calculated SPEI and RDI values are given in Table 4. 

As seen in Table 4, mild droughts were generally observed for both methods in the basin. In 
addition, moderate and severe droughts have been observed in some periods. Especially during the 
observation period at the Nigde station, extreme drought has occurred four times for SPEI methods. 

The SPEI method is more sensitive than the RDI method in diagnosing drought, especially 
severe and moderate drought periods were found more in SPEI method. More mild dry periods have 
been identified in the RDI method. Extreme droughts are estimated to be almost the same for both 
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methods. As a result; it can be said that both methods are almost close to each other. 
 

Table 3. Mann-Whitney U test results 

M-W 
 

Aksaray 
(1971-1985) vs (1986-2000) (1971-1985) vs (2001-2015) (1986-2000) vs (2001-2015) 

Time-Scale W P Trend W P Trend W P Trend 

1  215.5 0.5814 No 172.0 0.1611 No 159.5 0.0482  
3  234.0 0.1611 No 167.0 0.1029 No 139.0 0.0035  
6  209.0 0.8005 No 140.0 0.0041  133.0 0.0014  
9  213.0 0.6625 No 144.0 0.0072  134.0 0.0016  
12 218.5 0.4907 No 140.0 0.0041  129.0 0.0007  

M-W Cihanbeyli 
(1971-1985) vs (1986-2000) (1971-1985) vs (2001-2015) (1986-2000) vs (2001-2015) 

Time-Scale W P Trend W P Trend W P Trend 
1  203.0 1.0000 No 178.0 0.2603 No 180.0 0.3012 No 
3  233.5 0.1681 No 208.0 0.8362 No 177.0 0.2413 No 
6  232.5 0.1827 No 235.5 0.1415 No 205.5 0.9268 No 
9  244.5 0.0596 No 248.0 0.0409  207.0 0.8722 No 
12  254.0 0.0203  258.0 0.0123  207.0 0.8722 No 

M-W Eregli 
(1971-1985) vs (1986-2000) (1971-1985) vs (2001-2015) (1986-2000) vs (2001-2015) 

Time-Scale W P Trend W P Trend W P Trend 
1  188.5 0.0282  164.0 0.6833 No 116.5 0.0339  
3  198.5 0.0056  120.0 0.0535 No 89.0 0.0003  
6  166.0 0.3708 No 115.0 0.0276  107.0 0.0083  
9  168.0 0.3123 No 98.0 0.0018  90.0 0.0004  
12  162.0 0.5067 No 97.0 0.0015  85.0 0.0001  

M-W Karaman 
(1971-1985) vs (1986-2000) (1971-1985) vs (2001-2015) (1986-2000) vs (2001-2015) 

Time-Scale W P Trend W P Trend W P Trend 

1  228.0 0.2603 No 181.5 0.3346 No 157.0 0.0366  
3  232.0 0.1904 No 183.0 0.3703 No 147.5 0.0115  
6  211.0 0.7304 No 180.0 0.3012 No 161.0 0.0565 No 
9  221.0 0.4213 No 178.0 0.2603 No 159.0 0.0456  
12  226.0 0.3012 No 176.5 0.2322 No 155.0 0.0291  

M-W Konya 
(1971-1985) vs (1986-2000) (1971-1985) vs (2001-2015) (1986-2000) vs (2001-2015) 

Time-Scale W P Trend W P Trend W P Trend 
1 127.5 0.2040 No 104.5 0.0055  113.5 0.0223  
3  132.0 0.3123 No 93.0 0.0007  107.0 0.0083  
6  145.0 0.7950 No 90.0 0.0004  113.0 0.0208  
9  138.0 0.5067 No 85.0 0.0001  120.0 0.0535 No 
12  137.5 0.4884 No 85.0 0.0001  118.0 0.0414  

M-W Nigde 
(1971-1985) vs (1986-2000) (1971-1985) vs (2001-2015) (1986-2000) vs (2001-2015) 

Time-Scale W P Trend W P Trend W P Trend 
1  232.0 0.1901 No 190.5 0.5812 No 162.0 0.0625 No 
3  244.0 0.0627 No 225.0 0.3229 No 179.5 0.2905 No 
6  270.5 0.021  238.5 0.1078 No 184.0 0.3950 No 
9  175.0 0.2604 No 269.0 0.0026  175.0 0.2064 No 
12  290.0 0.0001  279.0 0.0005  177.0 0.2413 No 



European Water 59 (2017)    237 

Table 4. Drought rates for time scales according to SPEI and RDI 

SPEI Aksaray Cihanbeyli RDI Aksaray Cihanbeyli 
1 3 6 9 12 1 3 6 9 12 1 3 6 9 12 1 3 6 9 12 

ED - - 1 - - - 1 - - - ED - - 1 - - - - - - - 
SD 1 3 2 2 3 4 1 2 2 4 SD 1 2 3 3 - 1 1 1 2 2 
MD 7 6 4 5 6 3 4 5 4 1 MD 7 3 3 4 8 7 6 4 5 6 
MiD 11 10 18 17 16 15 15 14 10 15 MiD 14 20 16 15 12 16 17 17 14 15 
SPEI Eregli Karaman RDI Eregli Karaman 

1 3 6 9 12 1 3 6 9 12 1 3 6 9 12 1 3 6 9 12 
ED - 1 - - - - - - - - ED - 1 1 1 1 - - - - - 
SD - 2 2 2 - 2 4 2 1 1 SD 1 - - - 3 2 2 - - 1 
MD 5 3 5 6 6 5 3 5 6 8 MD 6 8 7 6 4 3 6 7 8 5 
MiD 14 12 11 10 12 12 14 15 15 11 MiD 14 8 12 10 13 17 13 16 14 15 
SPEI Konya Nigde RDI Konya Nigde 

1 3 6 9 12 1 3 6 9 12 1 3 6 9 12 1 3 6 9 12 
ED - - - - - 1 - 1 1 1 ED - - - - - - - 1 2 1 
SD 3 1 1 2 3 1 2 2 2 2 SD - 1 2 2 4 1 2 1 2 3 
MD 3 8 4 4 3 1 4 4 4 3 MD 2 5 4 3 4 5 3 6 3 3 
MiD 10 10 14 13 10 19 14 14 15 17 MiD 20 14 13 12 8 19 18 11 14 14 

 
L-moment method was used for regional analysis of SPEI values and evapotranspiration 

amounts showed no discordancy according to time scales in one region. In addition, heterogeneity 
measures are found to be acceptable homogeneous of the basin. The best fit to the SPEI values 
calculated according to the time scales is ensured by the 5-parameter Wakeby distribution. The 
regional SPEI values calculated according to these distribution parameters and the regional 
L-moment algorithm for 2, 5, 10, 25, 50 and 100 year return period are given in Table 5. 

 
Table 5. Regional SPEI values for various return period 

Tyear Time scale 
1 3 6 9 12 

2 0.04 0.01 -0.01 -0.02 -0.01 
5 0.91 0.94 0.89 0.90 0.90 
10 1.30 1.31 1.27 1.27 1.27 
25 1.61 1.57 1.56 1.54 1.55 
50 1.75 1.68 1.69 1.65 1.66 
100 1.84 1.74 1.77 1.71 1.73 

 
As can be seen from Table 5, it can be said that the drought period will be seen in the short term 

every 2 and 5 years while the humid period can be seen in the long term. 

5. CONCLUSIONS 

The study presents an analysis of temporal variation of reference evapotranspiration and the 
regional drought analysis based on the SPEI which directly influence drought severity. RDI method 
which use evapotranspiration have only been used in the study for comparison with SPEI results.  

It has been observed that the reference evapotranspiration quantities in the study generally 
increase in time scales, and very few decrease. 

Increasing evapotranspiration means increasing plant water demand. Because of this, proper 
management of water resources should be performed in the basin and pressurize irrigation methods 
should be applied instead of surface irrigation methods. Limited irrigation practices can also be 
suggested. 

On the other hand, according to SPEI values, it can be said that moderate and severe droughts are 
occasionally observed in the basin while mild drought is dominant. 

The best suitable regional distribution for the SPEI values have been found 5-parameter Wakeby 
distribution. According to Wakeby distribution for homogeneous region, probable regional SPEI 
quantiles show that the drought period will be seen in the short term every 2 and 5 years. 
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