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ABSTRACT 

The computational networks of the atmospheric general circulation models (GCM) due to their 

large scales and low resolutions in aspects of a station should be downscaled to be useable; 

therefore, meteorology generators are used to downscale them. In this study, the output data of 

the atmospheric general circulation models, HadCM3, were downscaled by using there scenarios 

of climate change A1B, A2, and B1 by using LARS-WG model in the West of Iran. The results 

in the tree sample stations of the area in the base period 1978-2008, and the future period 2011-

2030 were assessed and analyzed. In assessing LARS-WG model, the error of observation and 

simulation data were evaluated, and the appropriate regional model was adopted. Then, 

comparing the base period (1978-2008), and the future 20 years model (2011-2030), the 

scenarios of A1b, A2, and B1 were analyzed in the sample station. Next, with respect to the 3 

scenarios, the monthly precipitation changes were analyzed. Sannandaj station, during February, 

March, and April, and Kermanshah Station, during February, April, and May Showed that the 

precipitation has decreased, but, in Ilam station, the precipitation changes were not negative in 

any month; rather, the precipitation changes were positive. In the study area, the most 

precipitation was in Ilam station, which equaled to 576.2 mm, and B1 scenario with 633.4 mm of 

precipitation showed the most increasing trend of precipitation in the region; and, A1B and A2 
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scenarios, with 603, and 600.6mm of precipitation respectively, come next after B1 scenario. 

However, with respect to the regional realities, the acquired results, and their comparison, to 

ensure the results, it is necessary to execute other models, as well. 

Keywords: Scenarios, the climate change, simulation, meteorology generators 

INTRODUCTION 

The climate changes are of the main issues 

that the human is confronting in the 21st 

century; they can severely influence the 

resources of water, agriculture, energy, and 

tourism. 

For developing strategies, and for making in 

informed decision on the future use of water 

in different sections, and for the management 

of the available water supplies, the 

information of climate changes (In terms of 

the precipitation and temperature in the basin 

scale) are required which can be directly used 

with hydrological models [1]. 

The temperature variations of the Earth 

planet, and its increasing trend with respect 

to the weather conditions all over the world, 

are known as the climate changes [1]. 

According to the last report by IPCC, the 

increasing concentration of the greenhouse 

has caused temperature of the Earth to be 

increased by the middle of second half of the 

20th century [2]. 

On the condition that the increasing trend of 

the concentration of greenhouse gases in the 

atmosphere is not changed, it is predicted 

that by 2100 the temperature will increase 

1.4° c to 5.8°c in comparison to 1990 [2]; 

but, there was found a great variability, and 

quantative deviation between the models 

during the period of 2025-2050 [9]. 

All the regions in Iran for the future decades 

will have a decreasing trend of the 

precipitation changes. This decreasing trend 

in the northern areas of Iran shows lesser 

values than the southern and central areas of 

Iran [10]. In a research, the effect of the 

climate changes on the runoffs in the 

Western Azerbaijan County of Iran has been 

studied by using HADCM3 climate model, 

and scenarios of A2, A1B, and B1, and 

LARS-WG downscaled model, and artificial 

neural network hydrologic model. The results 

showed that the annual average temperature 

will exceed than 2.3°c; and, by the middle of 

this century a 3% decrease in the annual 

precipitation will occur. Also, the results 

showed that the semi-arid climate will 

change to dry climate; and, there will occur a 

significant decrease of the flows [11]. The 

predication of the precipitation changes over 

the next 20 years in Kerman by using the 

downscaling models of LARS-WG, and the 
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atmospheric general circulation model Had 

cM3 show the average annual increase in the 

precipitation all the stations. Checking during 

the wet and dry periods showed that the wet 

period. In summer for all stations during the 

period of 2011-2030 will be increasing. 

Although, during winter the precipitation is 

decreasing; but, altogether, the average 

precipitation is increasing [12]. In this article, 

we seek to study the temperature changes in 

the west of Iran under the climate change 

scenarios by using the outputs of the 

universal model (GCM), and LARS-WG 

downscaling model. The prominent effect of 

the climate change on the clear weather and 

climatic phenomena will be storm, 

hurricanes, hail, drought, heat waves, and 

untimely frost [3]. Until to day, reliable 

information for modeling the precipitation 

has not been available; therefore, large scale 

models such as GCM are required to be 

downscaled in aspects of a station [4]. To 

downscale the data, two approaches can be 

used: statistical approach, and dynamical 

approach. Among the methods of statistical 

downscaling, the meteorological generators 

can be used to produce a longtime series of 

combined data, and the lost data, and to 

produce different data [5]. The 

meteorological generators are used to 

produce longtime series of climate variables; 

and, their outputs are used in the crop growth 

models for the forecast of agricultural 

production [6][7]. The frequency and 

intensity of precipitation on extreme 

precipitation events are possibly influenced 

by the forecasts of climate change in most 

parts of the world; thus, the increased risk of 

drought and flood in the basin is simulated 

by means of downscaled data. So, the 

statistical downscaled tools are able to 

simulate the extreme climate events, in 

particular the precipitation in aspects of the 

basin [2]. By comparing the two models of 

LARS-WG and SDSM for the simulation of 

extreme precipitation in the basin of Klowta, 

in New Zealand’s northern peninsula, it was 

shown that both models have similar and 

good capabilities in the simulation of 

extreme precipitations, and they can be used 

for the climate forecasts [8]. The results of 

the study on the deadly incidence of climate 

change in Morocco showed that on the period 

of 2070-2099, the precipitation will decrease 

by 12%. 

Materials and Procedures   

The study region, with an area of 73013 

squared kilometers is located in the west of 

Iran between 31° 58ˊ and 36° 30ˊ north 

latitude, and between 45° 24ˊ and 48° 20ˊ 

east longitude; and its average precipitation 

over 30 years has been 492 mm (Fig.1). 
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This study was conducted on 10 synoptic 

stations which have a statistics of 30 years 

(1978-2008) which have been adopted from 

the National Meteorology Organization. In 

this article, the data of the precipitation in 10 

stations of the study area have been analyzed; 

but, because this dose not fit in the scope of 

this article, the analysis of the ten study 

stations have been reduced to three stations. 

The geographical position and climate 

conditions of the sample stations are 

represented in Table1. 
Table 1: Geographical Positions of the sample stations in the study area 

Station Latitude Longitude Height Average Precipitation (mm) 
Sanandaj 33/35  00/47  40/1373  454.6 

Kermanshah 35/34  15/47  60/1318  447.8 
Ilam 63/33  43/46  1337 576.2 

 

 
Fig1: The geographical position of the study area 

In this research, LARS-WG downscaling 

model which is one of the most famous 

weather random data generator models has 

been employed to downscale data of 

HadCM3 atmospheric general circulation 

model. HadCM3 is an ocean coupled climate 

GCM model, which has been executed in 

HCCPRS research center, in England. The 

model has network with the dimensions of 

2.5° latitude, and 3.75° longitude. The tree 

scenarios of A1B, A2, and B1 of the climate 

change have been used in this study; which, 

each one shows the world economic growth, 

the world population, and the social 

awareness. To execute LARS-WG model, the 

data of the daily minimum temperature, 

maximum temperature, and the precipitation 

during the statistical period of 30 years 

(1978-2008) has been used; which, the period 

(1978-2008) is known as the base period. 

The data of the past 30 years (1978-2008) as 

the basis of the past climate changes has been 

used to simulate the future climate. LARS-

WG model is executed on three steps, which 

Title 

The prediction of the 
precipitation changes 

over the next 20 years in 
the west of Iran  

Help 

The stations of Iran 

       Study Area 
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include the calibration, data assessment, and 

data production for the future period. The 

model output includes the minimum 

temperature, the maximum temperature, the 

precipitation, and the radiation or sunshine 

hours. 

In the calibration step, the acquired data of 

base period (1978-2008)for 10 stations in the 

study area was processed and sorted; then, 

they were ready to be entered into LARS-

WG model. By so doing, the model for the 

base period 1978-2008 was executed; and, 

the precipitation parameter was simulated 

daily for the base period 1978-2008. In the 

assessment step, the model output was 

analyzed. To assess the model, the observed 

data were compared to the simulated data of 

the base period 1978-2008, and then, they 

were analyzed; the simulated parameters by 

computing the coefficient of determination 

Rଶ  from Formula1, and the standard 

deviation caused the assessment of the 

produced data of using the model, and the 

real (observed) data available in the base 

period. 

ܴଶ ୀ
෍ ௠ଶݔ ௠ଶݕ

.൫௡௞൯
௞

௠ୀ଴

ඨ෍ ௠ଶݔ ௠ଶݕ
.൫௡௞൯

௡

௞ୀ଴

ଶ.

 

After the assessment of LARS-WG model, it 

was executed to downscale the data of 

HadCM3 atmospheric general circulation 

model  by using statistical parameters, 

coefficient of determination, and ensuring the 

suitability of the model; and, the data of the 

period 2011-2030 were generated by using 

the three climate change scenarios of A1B, 

B1, and A2. In this way, the daily amounts of 

the intended parameters for the period 2011-

2030 were generated. After the data 

generation for the next 20 years, the buffer of 

the exit precipitation model was calculated; 

also, the normal monthly rainfall parameter 

in the period 2011-2030 was calculated by 

using the three climate change scenarios. 

Then, the monthly rainfall changes were 

calculated by subtracting the normal values 

of the base period 1978-2008 from the 

normal monthly values of the period 2011-

2030. 

Next, the three scenarios in the study area 

were compared, and by buffering the 

maximum precipitation in all the three 

scenarios (A1B, A2, and B1) was 

determined. 

Finally, the precipitation map of the base 

period (1978-2008), and the precipitation 

map of the modeled period (2011-2030) for 

all the three scenarios were prepared and 

interpreted. 
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RESULTS AND DISCUSSION 

In this study, the precipitation data in 10 

stations of the study area have been analyzed; 

but, since it is out of the Scope of this article, 

the analysis of the ten study stations has been 

reduced to three sample stations. To calibrate 

the model, the determination coefficients of 

the observed data, and the simulated data 

were calculated by using the model for the 

base period 1978-2008 in three stations of the 

study area. 

  In Table2 Rଶ  (the coefficient of 

determination), So of the observed and 

predicted precipitation have been 

represented, which are used to show the 

model accuracy. These results indicate that 

the data of the observed and produced 

precipitations in the base period 1978-2008 

show significant correlation. 
Table 2: Study of the correlation index ܀૛, and SD of the observed and predicted precipitations 

Station ܀૛ Observed SD Predicted SD 
Sannandaj 96/0  37.8 38.2 

Kermanshah 98/0  26.9 24.5 
Ilam 97/0  35.9 32.3 

 

 

Fig.2 plot of the modeled and observed monthly precipitation in Sannandaj (1978-2008) 
 
 

 
Fig3. Plot of the modeled and observed monthly precipitations in Kermanshah (1978-2008) 
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Fig.4. plot of the modeled and observed monthly precipitations in Ilam 

As it can be seen from the above plots the 

results show high correlation coefficients; 

generally, in all the stations the correlation 

coefficients between the modeled values, and 

the observed values on the study period, are 

significant at least in the level of significance 

of 1%. After assessing LARS-WG model, 

and ensuring its suitability, the produced data 

were analyzed by using LARS-WG model 

for the three climate change scenarios by 

adopting HardcM3 model. The results in 

Table3 show that the precipitation in most of 

the months shows an increasing trend; in 

Ilam station in all months, the precipitation 

has increasing; and in Kermanshah and 

Sannandaj stations, in several stations there 

had a been decreasing trend, which will be 

more explained on discussing the monthly 

changes of precipitation. 

 
Table3. The normal monthly values of the base period, and the next 20 years, the precipitation parameter in the study 

stations by using the three climate change scenarios (A1B, A2, and B1) in HadCM3 model 

 
 

Station  jan feb mar apr may jun jul aug sep oct nov dec 
Sannandaj 1978-

2008 
62.24 60.3 78.32 72.2 38.35 2.3 0.98 0.48 0.85 25.53 56.38 56.76 

 A1B 77.04 50.88 73.95 62.22 41.87 6.3 2.17 0.98 1.89 24.1 62.19 82.17 
 A2 74.21 58.19 80.73 58.23 37.9 6.01 2.51 0.56 1.92 21.9 73.76 81.12 
 B1 78.26 52.79 72.86 64.59 38.31 5.43 1.25 0.58 3.54 44.68 63.48 68.16 

Ilam 1978-
2008 

104.37 92.82 100.97 64.55 16.19 0.17 0.4 0.1 1.68 26 77.46 91.55 

 A1B 130.21 116.15 130.12 75.87 28.66 0.85 1.98 0.11 8.53 34.33 176.51 136.71 
 A2 111.31 121.42 143.79 65.34 25.83 0.58 2.12 0.12 5.68 31.95 172.99 119.46 
 B1 130.21 116.15 130.12 75.87 28.66 0.85 1.98 0.11 8.53 34.33 176.51 136.71 

Kermanshah 1978-
2008 

63.73 58.67 80.08 63.71 28.39 0.79 0.65 0.23 2.31 27.98 55.7 65.58 

 A1B 116.6 81.93 170.57 48.77 24.96 1.88 0.71 0.41 6.35 92.14 224.06 165.52 
 A2 109.93 125.09 235.26 30.83 25.33 1.3 0.85 0.26 3.71 77.11 267.2 137.73 
 B1 154.13 106.76 198 61.72 26.37 2.46 0.71 0.25 7.76 81.97 275.97 177.24 
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\Fig5. The diagram of comparing the base period (BAS) and the predicted period by using the scenarios (A1B, A2, and 
B1) in Sanaandaj 

 

 

 

 

 

 

 

 

 

Fig6. The diagram of comparing the base period (BAS) and the predicted period by using the scenarios (A1B, A2, and B1) 
in Kermanshah 

Fig.5 shows the decreased precipitation 

during February, March, and April; and, it 

shows the increased precipitation in all the 

rest months. In the three scenarios, during 

February and March a decrease of 

precipitation is observed; and, the maximum 

amount of precipitation decrease in April 

which coincides with the early spring. This 

decreasing trend can seriously endanger the 

environment of the region, and its rain fed 

agriculture; because, in this season, the 

region needs water very much, since the 

plants of the region are in the stage of 

flowering and seed. Also, according to Fig.6, 

during February, April, and May the 

precipitation has decreased. But, in other 

months, it is increasing. The maximum 

increasing trend is on December, and in B1 

scenario. 
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Fig 7.  The diagram of comparing the base period (BAS) and the predicted period by using the scenarios (A1B, A2, and 

B1) in Ilam 

Fig.7 shows that during the entire years in all 

the three scenarios, the precipitation has an 

increasing trend; and, during no month the 

decrease of precipitation has been observed. 

The maximum amount of precipitation is on 

November, and it is quite equal for all the 

three scenarios. 

Study of the monthly precipitation 

changes in the study stations 

The monthly precipitation changes in 

Sannandaj station  
Table 4. Monthly precipitation changes in Sannandaj station based on the three scenarios (A1B, 

A2, and B1) 
Sannandaj jan feb mar apr may jun jul aug sep oct nov dec 

A1B 14.8 -9.42 -4.37 -9.98 3.52 4 1.19 0.5 1.04 -1.43 5.81 25.41 
A2 11.97 -2.11 2.41 -13.9  -0.45 3.71 1.53 0.08 1.07 -3.63 17.38 24.36 
B1 16.02 -7.51 -5.46 -7.61 -0.04 3.13 0.27 0.1 2.69 19.15 7.1 11.4 

 

 

Fig.8 Plot of the Monthly precipitation changes in Sannandaj station based on the three scenarios (A1B, A2, and B1). 
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Table.4 and Fig.8 illustrate the monthly 

precipitation changes in Sannandaj station; 

which, the maximum increase of 

precipitation is related to A1B scenarios on 

December, which equals to 25.4mm; and, the 

maximum decrease of precipitation is related 

to A2 scenario, equaling to 13.9mm; and, on 

February and April in all scenarios the 

precipitation has decreased. 

Monthly precipitation changes in 

Kermanshah station: 

Table.5 and Fig.9 illustrate the monthly 

precipitation changes in Kermanshah station; 

which, the maximum positive changes is related 

to B1 scenario on December, equaling to 

45.3mm; and, the maximum decrease is related to 

A2 scenario, equaling to 16mm, on April. In all 

the three scenarios, during February, April and 

May the precipitation show a decreasing trend. 

The average precipitation decrease on April in all 

the three scenarios equals to 16.56mm. And B1 

scenarios display this amount of precipitation. In 

this station, all through the study period no 

decrease has been observe; and, the minimum 

amount of precipitation has occurred on August 

in all the three scenarios.

Table5. Monthly precipitation changes in Kermanshah station based on the three scenarios (A1B, A2, and B1) 
Kermanshah jan feb mar apr may jun jul aug sep oct nov dec 

A1B 10.8 -13.1 -2.21 -12.7 -7.73 1.65 0.57 0.16 3.8 7.7 10.3 37.3 
A2 8.77 -4.86 12.59 -16.0 -10.1 1.29 0.84 0.02 2.53 3.8 23.2 34.5 
B1 25.5 -5.05 9.3 -2 -7.17 4.31 0.01 0 9.35 19.5 18.8 45.3 

 

 
Fig.9 plot of the Monthly precipitation changes in Kermanshah station based on the three scenarios (A1B, A2, and B2) 

Table6. Monthly precipitation changes in Ilam station based on the three scenarios (A1B, A2, and B1) 
Ilam jan feb mar apr may jun jul aug sep oct nov dec 
A1B 25.8 23.3 29.1 11.3 12.4 0.68 1.58 0.01 6.85 8.33 99.0 45.1 
A2 6.94 28.6 42.8 0.79 9.64 0.41 1.72 0.02 4 5.95 95.5 27.9 
B1 25.8 23.3 29.1 11.3 12.4 0.68 1.58 0.01 6.85 8.33 99.0 45.1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig10. plot of the Monthly precipitation changes in Ilam station based on the three scenarios (A1B, A2, and B2) 
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Table.6 and Fig10 illustrate the monthly 

precipitation changes in Ilam station; which, 

the maximum increases of the precipitation is 

on November, equaling to 99mm; which, 

both A1B,  

 
Table7. Average total precipitation in the observed period (1978-2008), and the predicted future 20 years in all the three 

scenarios (A1B, A2, and B1) 
 
 
 
 
 
 

 

 
Fig.11 the average total precipitation in the observed period (1978-2008), and the predicted future 20 years in all the three 

scenarios (A1B, A2, and B1) 
Table.7 and Fig.11 show that in the study 

area Ilam station has the maximum 

precipitation which equals to 576.2mm; and 

B1 scenario with 633.4mm precipitation, has 

the maximum increasing trend of 

precipitation in the region; and, A1B, and A2 

scenarios with 603mm, and 600.6mml, 

respectively, come next after B1 scenario. 

Studying the precipitation maps of the base 

period 1978-2008 (Fig.2) show that 

Kurdistan, and the northern parts of 

Kermanshah have 447-479mm precipitation, 

which is the minimum precipitation in the 

region; while, the maximum precipitation has 

occurred around Ilam station, which equals to 

544-576mm; and, the Southern, and the 

southeast regions have lesser precipitations 

than the central parts of Ilam. The 

precipitation maps of the study three 

scenarios show the increasing precipitation in 

all the region in the period 2011-2030; and, 

the precipitation spatial variability compared 

to the observed precipitation map is not very 

significant, and the spatial variability is very 

limited; B1 scenario with 633.4mm of 

precipitation shows the maximum increasing 

precipitation in the region; and, A1B 

scenario, with 603mm, and A2 scenario with 

600.6mm show the minimum increasing 

average precipitation. 

Station BAS A1B A2 B1 
Sannandaj 454.6 485.7 497.04 493.9 

Kermanshah 447.8 484.4 504.4 565.8 
Ilam 576.2 840.03 800.5 840.03 
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Fig.12 the precipitation map in the observed period (1978-2008) in the region 
 

 

 

 

 

 

 

 

 

 

Fig.13 The modeled precipitation map, B1 scenario of the region 

 

 

 

 

 

 

 

 

 

 

Fig.14 the modeled precipitation map A1B scenario 
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Fig.15 the modeled precipitation map, A2 scenario 

In the early stages, the prediction ability of 

the model was examined the results indicated 

the reliable predictions of the model. But, 

due to the results of the acquired scenarios, in 

which the precipitation is increasing, and due 

to the real observed trend of precipitation in 

the region, they are not in accordance with 

the acquired results. So, to ensure the results, 

more extensive studies by using other models 

are required. 

CONCLUSION 

In this research, to study and analyze the data 

of precipitation changes in accordance with 

the climate change in the study area over the 

period 2011-2030, by using the output model 

HADCM3 with three scenarios of A1B, A2, 

and B1 for the three sample stations in the 

study area, it was downscaled by using 

LARS-WG model. After assessing the model 

for the base period 1978-2008, and based on 

the index, the authenticity and accuracy of 

the model was determined; then, the base 

period (1978-2008) was assessed, and 

compared to the Predicted 20 future years 

scenarios ( A1B, A2, and B1). Next, with 

respect to the three scenarios, the monthly 

precipitation changes in the stations were 

analyzed; Sannandaj station during Feb, 

March, and April, Kermanshah station during 

Feb, April, and May showed a decrease of 

precipitation; but, Ilam station showed no 

negative amount of precipitation change in 

any month, all its changes were positive. 

Finally, the average total precipitations in the 

observed period (1978-2008), and the 

predicated future 20 years for all the three 

scenarios were analyzed; which, in the study 

area, Ilam station had the maximum 

Title 

The prediction of the 
precipitation changes over the 

next 20 years in the west of 
Iran  

Help 

Stations A2 scenario 
annual precipitation (mm) 
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precipitation, equaling to 576.2mm, and B1 

scenario with 633.4mm precipitation had the 

maximum increasing trend of precipitation in 

the region; and, A1B, scenario with 603mm, 

and A2 scenario with 600.6mm come next to 

B1 scenario. The analysis of the observed 

and modeled precipitation maps confirms the 

results of the plots and tables. However, 

according to the real trend in the region, and 

by comparing them to the acquired results, to 

ensure the gained results more extensive 

studies by using other models is required 
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