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Introduction
Successful management of water in the event of drought requires 

understanding its causes and processes. Several definitions have been 
provided for drought, which are mainly dependent on the views of water 
consumers and managers. Here, drought is defined as an abnormal and 
temporary imbalance in water resources, and includes precipitation 
constantly less than average and with unknown frequency, duration, 
and intensity, making difficult or impossible to predict its occurrence; 
this reduces available water resources and the capacity of ecosystems 
maintenance. It is important to understand low capability of drought 
prediction, turning it into a hazard and a disaster: a hazard, since drought 
is an unpredictable natural event with imminent return, and a disaster, 
because the failure of precipitation regime results in water scarcity and 
affects agricultural and natural ecosystems and other human activities. 
Hazardous and disastrous nature of drought necessitates development 
of a variety of tools for its prediction, including various probabilities; 
this can support early warning systems for timely preparedness and 
mitigation of damages. Drought begins slowly and is felt at the time 
of event. It lasts for long periods, usually affect large areas, and its 
effect is pervasive. It is very difficult to predict the onset and end of 
drought. The exact time interval between the publication of prediction 
and the actual start of the predicted drought is often more important 
than the prediction accuracy. This interval provides an opportunity for 
decision- and policy-makers to take timely measures to mitigate the 
effects of drought [1]. Recent reports of Intergovernmental Panel on 
Climate Change (IPCC) indicated the increased frequency and severity 
of extreme climatic events during climate change, so that increase in 
greenhouse gases and global warming will manifest as an increase in 
the intensity and frequency of extreme climatic events such as extreme 
precipitation, drought, and flood (WMO). In such circumstances, 
economic development and sustainable living conditions in the 
coming years is related to the ability to manage risks relevant to 
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extreme events [2]. In this context, any attempt to predict extreme 
events, including droughts and floods in any region seems essential. 
In the past century, a number of indices have been provided for 
quantifying, monitoring, and analyzing droughts, and attempts have 
also been made to improve and present new indices [3-5]. Regarding 
the analysis of drought and establishment of a monitoring system, 
most studies employ the Palmer Drought Severity Index (PDSI) [6] 
and the Standardized Precipitation Index (SPI). The former is based 
on the soil-water balance equation and the later on the probability of 
precipitation [7]. SPI has been widely used in the research on drought 
in Iran and throughout the world, since it can be calculated with a 
low number of data (only precipitation). SPI does not consider other 
variables affecting drought such as temperature, evapotranspiration, 
wind speed, soil, and water holding capacity, however several studies 
have shown that precipitation is the main variable in determining the 
onset, duration, intensity, and the end of drought [4]. Therefore, low 
diversity of data required and their simplicity are the reasons for the 
widespread use of this index for monitoring and analysis of drought. 
Regarding the issue of climate change and to predict changes in the 
intensity and frequency of extremes, it is necessary to produce climate 
scenarios. In addition, in order to study the effect of climate change 
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Abstract
In this paper, one of the probabilistic characterizations of drought events (i. e. intensity values) was simulated by 

a global climate model (GCMs) under enhanced greenhouse gases conditions for near future (2011-2030). Output of 
the Hadley Centre Global Climate Model (HadCM3) was used to provide a future climate scenario for precipitation in 
selected western stations of Iran, including Ilam, Hamedan, Kermanshah, KhoramAbad, Sanandaj, Zanjan. Because 
of the coarse resolution of GCM output model, a statistical downscaling method, LARS_WG, was applied in order 
to obtain site specific daily weather Series. The downscaling model was evaluated against available observational 
reference data (1961-1990). The performance of LARS-WG during the validation period was suitable to reproduce 
daily precipitation series, therefore this model was used to provide future scenario of daily precipitation for 2011-2030 
period. The simulation was forced by the A1B, B2 and A2 emission scenario for HadCM3. SPI was calculated using 
the downscaled precipitation time series for baseline and near future period. The model also captures the properties 
of drought for baseline acceptably. The results show that the future amounts of precipitation do not differ significantly 
in comparison with baseline. The most percentage change is obtained by 28% in the Kermanshah station Under B1 
emission scenario during near future, but the increase is not significant. SPI was calculated for long-time drought (12 
months) and then 2, 5, 10, 20, 25, 50, 100 return periods were estimated for all stations. Based on the results, the 
severity of drought will increase with longer return period i. e. 100 years in Kermanshah, Zanjan and Khoram Abad 
Stations. This information was achieved by this research can be considered indicative in long-term planning focusing 
on sustainability.
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on water resources in future periods and generation of scenarios for 
extreme precipitation amounts, climatic variables should be simulated 
under the impact of changes in greenhouse gases. Various methods 
have been introduced for simulation of climate variables in future 
periods under the impact of climate change; the most valuable of them 
uses General Circulation Models (GCMs) [8]. As the most reliable 
source for climatic data at present, GCMs are capable of reproducing 
the main atmospheric processes at a global and continental scale and 
predict climate under different scenarios. The new generation of these 
models has been provided as Atmospheric-Ocean General Circulation 
Model (AOGCM) which is able to precisely and completely simulate 
the climate system. Numerous GCMs have been designed in various 
research centers, such as HadCM3, ECHAM4, CSIRO, CGCM2, and 
ECHO-G. Since the amount of greenhouse gas emission in future 
periods is the most important input to these models, various emission 
scenarios have been proposed involving the mode of changes in 
these gases in the future [9]. Scenarios of future especial emission of 
greenhouse gases are utilized to assess the potential effects of increased 
greenhouse gases on the frequency and severity of droughts in the 
future. Many studies have been carried out so far to provide scenarios of 
future temperature, precipitation, and extreme events such as drought 
using climate model outputs. Jiang [10] used data from 550 stations in 
China during 1961-2000 to evaluate seven AOGCMs for simulation of 
extreme temperature and precipitation indices. The findings showed 
that the models were capable of simulating the process and distribution 
of extreme climate events. In this regard, Seilman [11] estimated the 
indices of precipitation and temperature using the ECHAM5 output 
model. The results indicated that heat waves and the maximum 
number of consecutive dry days increase and the total number of frost 
days reduce in the future periods. Semenov [12] analyzed changes 
in the magnitude and temporal patterns of two extreme indices for 
wheat, including the probability of thermal stress during flowering 
and the severity of drought stress. In order to calculate this index, a 
wheat simulation model was used along with the scenarios based on the 
output of HadRM3 in 18 stations in England and Wales (downscaled by 
LARS-WG model). The results showed that despite higher temperature 
and lower summer precipitation forecasted for the period of 2050, the 
effect of drought stress on wheat yield was predicted to be less than 
the current period, because wheat ripens sooner to escape the summer 
drought stress. But the damage caused by heat stress during flowering 
increased significantly during this period. Golmohammadi and Massah 
[13] studied the average precipitation of 11 stations in Gharehsou basin 
during the baseline period of 1971-2000. They used precipitation from 
HadCM3 under the A2 scenario for the period of 2040-2069, and 
identified SPI for different time scales of 6, 12, and 24 months and 
drought conditions in Gharehsou basin for different return periods 
during this period. Comparison of the results showed that precipitation 
will be increased in the basin during this period, resulting in declined 
severity of the drought compared to the baseline. With an increase in 
the return period, the reduced intensity increases in the time scale of 6 
and 12 months. While for the drought period of 24 months, the severity 
of drought in the basin will be higher than the baseline period with an 
increase in the return period [13].

Fattahi and Sedaghat Kerdar determined the persistence, intensity, 
and frequency of drought for time scales of 3, 6, 12, 24, and 48 months, 
using data from total monthly precipitation obtained from the synoptic 
stations in western basins of Iran during the period of 1960-2000, 
and utilizing time series of standardized precipitation index. The 
results showed that drought occurred when the index had negative 
sequences, and the drought intensified when the values of SPI were -1 

or less. Aiming at establishing a relationship between the occurrence 
of drought in different areas using SPI, LashniZand and Telvari [14] 
prepared monthly drought maps for a period of thirty years, and 
predicted climatic drought of the next 48 months for each basin 
and the whole region. Razii [15] studied the intensity, persistence, 
and frequency of meteorological drought in Sistan and Baluchestan 
Province through combining RUN theory and Markov chain, and 
making the transition probability matrix and the static matrix, and 
predicted the persistence and duration of droughts over the next 10 
years. Aiming at zoning drought, Nasri [16] studied two features of 
drought including the possibility of severe drought and its duration on 
34 synoptic stations in central Iran. The results showed that drought in 
eastern and southwestern regions had higher intensity. Lou Alizadeh 
[17] evaluated the droughts of Ahwaz in terms of intensity, persistence, 
and frequency using the standardized precipitation index at the periods 
of 12 and 24 months. To this end, the monthly precipitation data of 
45 years from synoptic station of Ahwaz were studied which showed 
that the duration and severity of droughts during 2001-2011 increased 
compared with the past 4 decades.

Materials and Methods
Drought is a stochastic-probabilistic and unpredictable 

phenomenon, but when occurred, it persists for a long time. Drought has 
been defined quantitatively in many ways, including the Run approach 
which investigates the stochastic characteristics of time series, and 
drought indices. Some indices have been introduced by meteorologists 
and hydrologists for monitoring and predicting drought. These indices 
rely on either the climatic-hydrologic variables or the occurrence of 
drought. The drought indices with one or more than one variable are 
mainly used for monitoring drought at different time scales. Palmer 
Drought Severity Index (PDSI) [6]. And Standard Precipitation Index 
(SPI) [7,18] are two examples of these indices which can be calculated 
with the data obtained from weather stations.

Standardized Precipitation Index (SPI)

To monitor and manage water resources, drought indices should 
be associated with specific time scale and should be comparable 
in temporal and spatial scale, making them usable for monitoring 
drought at various time intervals [19]. In this regard, introduced SPI 
for quantification of precipitation deficit at multiple time scales [7]. 
Drought is a multi-scale phenomenon [7]. Clearly showed that drought 
is a multi-scale phenomenon comprising soil moisture, groundwater, 
snow, and water withdrawal from rivers and reservoirs. Thus, time 
scale greatly affects the accumulated water scarcity and accordingly, 
drought can be characterized separately in terms of hydrology, 
environment, agriculture, and so on. For this reason, drought 
indices should be associated with a specific time scale to be useful for 
monitoring and management of water resources. This description 
justifies the extensive acceptance of SPI, as a temporally and spatially 
comparable index, which can be calculated for different time scales 
for drought monitoring, according to various available resources of 
water [19]. SPI only uses rainfall data and makes possible to calculate 
the amount of cumulative precipitation at multiple time scales using a 
shifting window. SPI is widely used due to easy, reliable, and relative 
comparison between different locations and climates. Evaluated the 
application of this index in describing the drought in Hungry [20]. 
They concluded that SPI is suitable for qualification of most types 
of drought [21,22]. Applied SPEI and SPI for monitoring drought at 
multiple time scales in eastern California and Nevada and concluded 
that both indices were significantly correlated with variations in river 
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runoff. In other research aiming at evaluating the performance of 
different drought indices, predicting changes in runoff, soil moisture, 
forest growth, and crop yield were compared using three indices of 
PDSI, SPI, and SPEI. The results showed that the efficiency of SPEI 
and SPI for detection of drought based on hydrological, agricultural, 
and environmental variables was higher than PDSI in different time 
scales [23]. For each location, SPI is calculated using long-term records 
for the period in question. These data are fitted with a probability 
distribution and then converted to a normal distribution, so that 
the mean SPI for any region is zero during the studied period [24] 
(Table 1). Developed the Standardized Precipitation Index (SPI) for 
the purpose of defining and monitoring drought among others, the 
Colorado Climate Center, the Western Regional Climate Center, and 
the National Drought Mitigation Center use the SPI to monitor current 
states of drought in the United States [7]. The nature of the SPI allows 
an analyst to determine the rarity of a drought or an anomalously wet 
event at a particular time scale for any location in the world that has a 
precipitation record found the gamma distribution to fit climatological 
precipitation time series well. The gamma distribution is defined by its 
frequency or probability density function:

( ) ( )
x

11g x x e
T

−α− β
α=

β α
For x>01)

Where:

α> 0 α is a shape parameter

β >0 β is a scale parameter

x> 0 x is the precipitation amount

Computation of the SPI involves fitting a gamma probability 
density function to a given frequency distribution of precipitation totals 
for a station. The alpha and beta parameters of the gamma probability 
density function are estimated for each station, for each time scale of 
interest (3 months, 12 months, 48 months, etc.), and for each month 
of the year. The maximum likelihood solutions are used to optimally 
estimate α and β:
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n = number of precipitation observations

x = Cumulative average rainfall for a month during the statistical 
period

The resulting parameters are then used to find the cumulative 
probability of an observed precipitation event for the given month and 
time scale for the station in question.

Letting t ˆx /= β , this equation becomes the incomplete gamma 
function:
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Since the gamma function is undefined for x=0 and a precipitation 
distribution may contain zeros, the cumulative probability becomes:
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Where eqn is the probability of a zero. The cumulative probability, 
H(x), is then transformed to the standard normal random variable 
Z with mean zero and variance of one, which is the value of the SPI. 
That converts cumulative probability to the standard normal random 
variable Z.
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The coefficient is equal to:

Thus SPI indicates the z score that the value of the normalized 
deviations above or below the mean of the show.

Condition Cumulative Probability SPI
Extremely drought 0.0014 -3.0

Very severe drought 0.0062 -2.5
Severe drought 0.0228 -2.0

Moderately drought 0.0668 -1.5
Mildly drought 0.1587 -1.0
Nearly normal 0.3085 -0.5

Normal 0.50 0
Nearly normal 0.6915 0.5

Mildly wet 0.8413 1.0
Moderately wet 0.9332 1.5

Severe wet 0.9772 2.0
Very severe wet 0.9938 2.5
Extremely wet 0.9986 3.0

Table 1: Classification of drought using SPI values and probabilities associated 
with each event [18] Formed and fitted to the time series distribution.
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Hadley coupled atmosphere-ocean general circulation model 
(HadCM3)

This model was designed and developed at the Hadley Centre, UK. 
It was described by Gordon et al., [25] and HadCM3 consists of two 
atmospheric (HadAM3) and oceanic (HadOM3) components. IPCC 
has used HadCM3 data of general circulation model for preparation of 
the third report. Simulations are done based on a 360 days a year and 
30 days a month calendar. High resolution of the oceanic component 
is the main advantage of this model. A good coordination between 
the atmospheric and oceanic components is another advantage of this 
model [26].

LARS-WG

Low spatial and temporal resolution of general circulation models 
of atmosphere and uncertainty in their daily outputs especially 
precipitation have made inappropriate the direct use of these outputs 
in analysis of extreme events and their application in different models 
[12]. Therefore, to use these data, the models outputs at the station 
level should be downscaled through various techniques. Downscaling 
methods include dynamic downscaling using regional climate models 
such as REGCM, statistical downscaling such as ASD and SDSM 
models, and stochastic weather generator models such as LARS-
WG [12]. The latter is the most widely used statistical model for 
downscaling the outputs of GCMs. The first version of LARS-WG was 
developed in Budapest, Hungary, in 1991 as a part of an agricultural 
project risk assessment. The main objective of this approach was to 
overcome the limitations of the Markov chain method in precipitation. 
The effectiveness of this model was evaluated by Semenov at 18 stations 
in the US, Europe, and Asia in 1998 [27].

The Semi-Empirical Distribution (SED) model is used to estimate 
the probability distribution of wet and dry series, daily precipitation, 
maximum and minimum temperature, and solar radiation. This 
distribution is determined as the cumulative probability distribution 
function. An amount of climate variables (vi) is calculated for each 
climate variable (v) corresponding to the probability of pi as follows:

{ ( ) }  : £    0,  ...,    i obs iv min v P v v p i n= ≥ =                  (1)

In this equation P() represents the probability based on the 
observational data {vobs}. Two values of p0 and pn are determined for 
each climate variable as p0=0 and pn=1 corresponding to v0=min{vobs} 
and vn=max{vobs}. To exactly approximate the extreme values of any 
climate variable, the value of pi is determined for very low values, close 
to zero, and very high values of variables. The remaining values of pi are 
evenly distributed according to probabilistic weight. Three values near 
1 are used for precipitation (pn-1=0.999, pn-2=0.995, and pn-3=0.985). 
These values allow a better approximation of daily precipitation 
extreme events that occur with very small probability (such as rainfall 
during storms). The number of intervals used in SED version 5 is 23, 
providing an exact observed distribution compared with the previous 
version (with an interval of 10) [9]. The amount of rainfall for a wet day 
(with precipitation greater than zero mm) is calculated using a semi-
empirical distribution. Daily maximum and minimum temperature 
is estimated according to wetness or dryness of the desired day. 
Maximum and minimum daily temperatures are modeled considering 
the daily mean and standard deviation through statistical process.

Data

In this study, monthly and daily precipitation data were collected 
from 6 stations. Characteristics and locations of the stations are depicted 

in Table 2 and Figure 1, respectively. They were selected according to 
the availability of precipitation data, proper regional distribution, and 
concurrency of the stations data in a statistical period of more than ten 
years which ranged between 20 and 30 years (Figure 1).

Results
Calculation of SPI and drought return periods

To calculate SPI for the baseline period, the monthly precipitation 
data of the studied stations in the available period (1961-1990) were 
obtained from the National I.R. of Iran Meteorological Organization. 
The data were then used to prepare the input file for the SPI software 
after being ensured of their homogeneity. Then drought index was 
calculated for 1, 3, 6, and 12 timescales. Figures 2-8 present SPI at a 
12-month timescale during baseline period of each station. According 
to the drought classification table as well as the study objectives, 
drought events (less than -1) were obtained at a 12-month scale. Hyfa 

Station Latitude Longitude Altitude (m)
Ilam 33° 38’ 46° 26’ 1337

Khorramabad 33° 26’ 48° 17’ 1147.8
Zanjan 36° 41’ 48° 29’ 1663

Sanandaj 35° 20’ 47° 00’ 1373.4
Kermanshah 34° 21’ 47° 09’ 1318.6

Hamedan 34° 52’ 48° 32’ 1741.5

Table 2: Geographical coordinates of the studied stations.

Figure 1: The study area.

 

Figure 2: Twelve-month SPI values for Hamedan station.
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years in the stations. Then to generate data for 100 years, the model was 
implemented according to the parameters obtained from each station. 
The operation was replicated several times by changing the random 
number aiming at obtaining statistically significant results. To evaluate 
the capabilities of LARS-WG in simulation of weather data, one can 
compare the means and variances of climate variables using T and F tests 
[12]. The results of t-test for the stations indicated that no significant 
difference existed between the mean of simulated precipitation and its 
actual amount at the baseline period at the significance level of 0.05. 
The correlation and bias coefficients and the mean absolute error in 
monthly series of observation and simulated data were also calculated 
for each station. The results are shown in Table 3. The results showed 
that the monthly mean precipitations were well simulated in stations 

was utilized to obtain the drought values in return periods of 2, 5, 10, 
20, 50 and 100 years.

Estimation of drought quantity at different return periods for 
near future (2011-2030)

To estimate the return periods of drought during 2011-2030 (near 
future), the precipitation data of the desired period should be downscaled. 
Precipitation downscaling was performed with LARS-WG using daily 
observation data of the period of 1961-1990, including minimum and 
maximum temperature, daily rainfall, and sunshine hours. To provide 
future scenarios of temperature and precipitation by LARS-WG, the 
climatic parameters of precipitation of the stations were first calculated 
using the relevant function in LARS-WG using observation data of 30 

 
Figure 3: Twelve-month SPI values for Ilam station.

 

Figure 4: Twelve-month SPI values for Kermanshah station.

 

Figure 5: Twelve-month SPI values for Zanjan station.

 

Figure 6: Twelve-month SPI values for Sanandaj station.

 

Figure 7: Twelve-month SPI values for Khorramabad station.

 

Figure 8: Twelve-month SPI values for Kermanshah station.
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of Ilam, Kermanshah, Hamedan and Sanandaj. In Zanjan, Sanandaj, 
and Kermanshah stations, precipitation was underestimated in some 
months. However, the correlation coefficient indicates well simulation 
of correlation between the two series of observation and simulation. 
The mean monthly precipitation and its standard deviations for two 
stations (i.e. Khoramabad and Hamedan) are shown in Figure 9. As 
the results indicated the best estimates of changes trend and amount 
were simulated in the two stations of Ilam and Zanjan. The standard 
deviation was underestimated for all the stations except for Ilam and 
Zanjanin for most months. Semenove [12] reported that this model 
tends to underestimate the variance in monthly means of some weather 
variables such as precipitation. LARS-WG was implemented for the 
period of 2011-2030 using the outputs of HadCM3 general circulation 
climate model under three scenarios of A1B, A2, and B1 by producing 
80 years of daily precipitation data through calibration of LARS-WG 
and relying on its ability to simulate the optimal set of data for the 
stations (Tables 4 and 5). The Percentage Difference of precipitation 
in the future compared to the baseline was calculated by the following 
equation.

2020s base

base

(V V ) 1002020s
V
− ×

=∆                   (2)

The spatial patterns of the changes percentage in the downscaled 
mean annual precipitation under the three scenarios is given in 
Figure 10. As can be seen, among the stations studied, an insignificant 
reduction in precipitation is observed in Zanjan station under the A2 
scenario as 1.2%; it can be concluded that precipitation under this 

scenario will not change during 2011-2030. As the synthetic weather 
is used as the inputs for SPI software, the performance of LARS-WG 
should be tested by comparing the calculated values of SPI using 
observed and synthetic daily weather [12]. For this propose, SPI values 
were calculated using the amounts of precipitation during the observed 
and model simulated (baseline) periods. The values of SPI<-1 were 
then separated from the 12-month scale data set, and the best statistical 
data-fit table distribution was determined using Hyfa. Subsequently, 
the severity of drought was calculated for the two series of observed 
and simulated in the return periods of 2, 5, 10, 20, 25, 50, and 100 
years using LARS-WG [28-30]. The model’s performance criteria, i.e. 
the coefficient of determination and the slope of the fitted regression 
line on the intensities of drought, were compared in different return 
periods during observation and simulation. The results are given in 
Figure 11. The calculated coefficient of determination between the 
intensities of observed and simulated drought of the studied stations 
varied from 96% to 99% (the highest and lowest intensities were seen 
in Ilam and Khorramabad stations, respectively); these values indicate 
the optimum performance of the model. Given the significance of 
regression slope (at the level of α=0.05) and proper distribution of data 
within the 95% confidence interval around the mean (Figure 11), the 
model estimated drought severity of return periods with a desirable 
capability, so that they do not differ significantly with each other at 
the confidence level of 95%. The graphs plotted for Khorramabad 
and Hamedan are given as an example in Figure 11. Given the ability 
of the model to estimate the severity of drought in different return 
periods, the values of 12-month SPI were calculated using downscaled 
precipitation data of HadCM3 for the period of 2011-2030. Then the 
severities of droughts in the return periods of 2, 5, 10, 20, 25, 50, and 
100 years were obtained through fitting of the proper distribution for 
values of less than -1 in this index; the results are given in Table 6. 
The results showed that the stations of Ilam, Kermanshah, Sanandaj, 
and Zanjan had a higher drought severity in return periods of 2, 5, and 
10 years than the baseline period. For the return period of 50 years, 
the severity of drought was estimated more than the baseline period in 
three stations of Kermanshah, Zanjan, and Khorramabad, in order of 
magnitude [31-33]. The difference was more significant in Kermanshah 
station. However, the possibility of drought in this return period was 

Station BIAS MAE Correlation
Ilam 0.9 3.5 0.99

Khorramabad 0.3 5.8 0.97
Zanjan 0.4 3.5 0.97

Sanandaj -1.3 2.9 0.99
Kermanshah 0.4 4.2 0.98

Hamedan -0.3 2.8 0.98

Table 3: Comparison of the observed and simulated precipitation by LARS-WG5 
in the period of 1961-1990.
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Figure 9: Comparison of the mean monthly precipitation of observed (Obs) and 
simulated (Gen) standard deviation at the selected stations during 1961-1990.

Station Mean annual precipitation
Observation period Model baseline period

Ilam 616 592.8
Khorramabad 509 498.9

Zanjan 313.1 310
Sanandaj 458.4 420

Kermanshah 445.1 451
Hamedan 317.7 314.9

Table 4: Mean annual precipitation (mm) during the observed and simulated 
periods.

Station Change relative to the baseline period (%)
A2 scenario A1B scenario B1 scenario

Ilam 10.6 3.5 17.2
Khorramabad 3.8 3.6 12.9

Zanjan -1.2 2.6 3.8
Sanandaj 5.4 10 13.8

Kermanshah 13.1 12.4 28.3
Hamedan 5.2 1.7 13.5

Table 5: The percentage difference between precipitation during 2030-2011 and 
the baseline period of 1961-1990.
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less severe in Sanandaj and Ilam stations. The severity of drought for 
return period of 100 years was higher than the baseline in Kermanshah, 
Khorramabad, and Zanjan stations for near future.

Conclusion
One of the challenges facing Iran in the coming years is the water 

 

Figure 10: Percent of changes in the mean annual precipitation downscaled 
under scenarios A1B, B1, A2 during 2011-2030 relative to the baseline period 
of 1961-1990.
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crisis which necessitates providing a prospect for future state of 
the climate variables such as precipitation and temperature. This is 
currently performed through the most reliable tool for prediction i.e. 
Climate models. This study was carried out during the period of 2011-
2030 in selected stations in western Iran including Ilam, Hamedan, 
Kermanshah, Khorramabad, Sanandaj, and Zanjan aiming at 
predicting drought conditions. To this end, the precipitation scenarios 
of HadCM3 model were applied, but since the output of these models 
are presented on a large scale (about 300 km2 in the model), the climatic 
variables obtained from these models need to be downscaled for impact 
assessment at station scale. Among different methods of downscaling 
(i.e. Statistical and dynamical methods) [34-38], the model of LARS-
WG was used in this study. The climatic variables were extracted at 
first using precipitation data observed at each station during 1961-
1990. The model was then calibrated and its capability for generating 
precipitation time series was ensured through comparison of the data 
simulated with precipitation amounts at the confidence level of 95%. The 

precipitation variable was downscaled using the outputs of HadCM3 
general circulation model under three scenarios of A1B, A2, and B1 for 
near future (2011-2030). The Standardized Precipitation Index (SPI) 
was used to evaluate drought. The results showed that under the three 
scenarios, the amount of precipitation will not change significantly 
compared to the baseline in near future (2020s). The highest change 
percentage with an increase of 28% was observed in Kermanshah station 
at the B1 scenario. The return periods of 2, 5, 10, 20, 25, 50, and 100-
year with a 12-month drought severity was then calculated. The results 
showed that in near future, drought in longer return period (100-year) 
will be more severe in the stations of Kermanshah, Khorramabad, and 
Zanjan compared to the baseline period. The predictions resulted from 
downscaling of climate models outputs were somewhat uncertain due 
to the structure of general circulation models, downscaling methods, 
observed data, etc., but since the climate models are the most reliable 
means of production of climate scenarios, it is essential for managers 
and decision-makers in various sectors of water resources, agriculture, 

Return
Period

Ilam Hamedan Kermanshah

Baseline period Model’s 
baseline period Near future Baseline period Model’s 

baseline period Near future Baseline period Model’s 
baseline period Near future

2 -1.4 -1.5 -1.4 -1.5 -1.5 -1.6 -1.5 -1.4 -1.7
5 -1.8 -1.8 -1.7 -2.1 -2.0 2 -1.7 -1.9 -2.5
10 -2.0 -2.1 -2.0 -2.5 -2.4 -2.3 -1.9 -2.2 -3.0
20 -2.3 -2.3 -2.3 -2.9 -2.8 -2.6 -2.0 -2.5 -3.5
25 -2.4 -2.4 -2.4 -3.0 -3.0 -2.7 -2.0 -2.6 -3.7
50 -2.6 -2.6 -2.6 -3.3 -3.5 -2.9 -2.1 -2.9 -4.2
100 -2.9 -2.8 -2.9 -3.7 -4.2 -3.3 -2.2 -3.2 4.7

Return
Period

Khorramabad Sanandaj Zanjan

Baseline period Model’s 
baseline period Near future Baseline period Model’s 

baseline period Near future Baseline period Model’s 
baseline period Near future

2 -1.6 -1.4 -1.4 -1.5 -0.6 -1.5 -1.7 -0.6 -1.4
5 -2.0 -1.8 -1.7 -1.9 -1.2 -1.9 -2.1 -1.1 -1.9
10 -2.3 -2.1 -2.0 -2.2 -1.7 -2.2 -2.3 -1.6 -2.2
20 -2.5 -2.4 -2.3 -2.5 -2.3 -2.4 -2.5 -2.0 -2.6
25 -2.6 -2.4 -2.4 -2.6 -2.4 -2.5 -2.6 -2.2 -2.7
50 -2.8 -2.7 -2.8 -2.8 -3.0 -2.8 -2.8 -2.6 -3.0
100 -2.9 -3.1 -3.2 -3.1 -3.6 -3.1 -2.9 -3.1 -3.4

Table 6: The values of 12-month drought in different return periods.
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Figure 11: Comparison of the observed and LARS-WG-simulated drought intensities in the return periods of 2, 5, 10, 20, 25, 50, and 100 years for the 
statistical period of 1961-1990.
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etc. to take into account the results of such research to allow long-term 
planning of water resources in this region.

Suggestions
Given the other downscaling methods and output of general 

circulation models under different scenarios of emissions, and aiming 
at reducing uncertainty in the results, it is recommended to calculate 
the Standardized Precipitation Index using the output of these models 
and other statistical downscaling methods such as SDSM, ASD, etc., 
or dynamic downscaling methods and to compare the results and, if 
possible, to report the average results as more definite prediction of this 
index. Regarding the prediction of this index for future periods, it also 
suggested to provide a prospect of this index for the end of the century.
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