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Abstract

In this study, the uncertainty of the effects of climate change on temperature, rainfall and runoff in the watershed
done using the output of models MPEH5, HADCM3 and IPCM4 under two scenarios for 2045-2065 period. After
performance of LARS-WG model for downscaling of rainfall and temperature variations, the monthly change rainfall
and temperature evaluated for the 2065-2045 period relative to 2010-1983 base period. Results showed that all
three models based on two scenarios reduce the amount of rainfall and increases in average temperature in the
region. The average annual temperature rise according to the scenario A2, 2/12°C and scenario B1, 1/12°C. The
amount of rainfall decreases for the period 2045-2065 under the scenario A2, -6/1 and the scenario B1, -1/4 per
cent. To study the effects of climate change on monthly runoff regime, production variables was used to the model of
rainfall- runoff IHACRES after that runoff was predicted for the period 2065-2045. The results showed that annual
river flow reduced under the A2 scenario -17/2 percent and the B1 scenario -19/4 per cent. The overall results
showed that despite the uncertainty in climate models MPEH5, HADCM3 and IPCM4 under the A2 and B1 in the
amount of temperature increase and rainfall decreases and negative effects of these changes on the runoff area.

Keywords: Climate change; Runoff; Uncertainty; Hamedan; LARS-
WG; IHACRES

Introduction
In recent decades, increasing greenhouse gases, consumption of

fossil fuels, especially gas CO2 as a result, an increase in the gas
concentration of 280 ppm in 1750 to 380 ppm in 2005. IPCC1 reports
indicate that, if current trends continue using these fuels, the
concentration of gas before the end of the twenty-first century may
reach more than ppm 600. If emissions not reduced, average earth
surface temperature 1.1 to 6.4°C by 2100 will be reached. Therefore,
according to reports IPCC, climate change causes changes in the
hydrological regime in recent decades globally [1]. Increased surface
temperatures and changes in rainfall patterns are dominant
phenomena of climate change which affects almost all other sectors of
the water cycle. All models AOGCMs predict increase in global
temperature and increased precipitation intensity and its value as a
result of increased concentrations of greenhouse gases in this century.
Several studies by Hamlet and others in 2007 have been done about the
potential impact of climate change on water resources, including the
impact on water quantity, hydrology and water demand. Chang and
Jung [2] examined annual runoff, seasonal and minimum and
maximum values of runoff and uncertainty in the 218 Sub basin
Willamette river in Oregon. The results showed that increased in
seasonal changes runoff during the winter and decreased during the
summer and change in temporal and spatial of runoff in the future.
Gaussian studied impact of climate change scenarios on discharge in
Indian River basin for the period 2041-2060. Their results indicate that
the flow and intensity of floods and droughts is increasing. Perovskite
using output of monthly rainfall HadCM3 model, investigated the
effect of rainfall changes on runoff in eight regions in the United States.
They reported that annual rainfall changes from 9.6 % to 1.6 and

runoff from 42.5 % to 14%. By the Senator and others studied, effects
of regional climate models based on A2 and A1B scenarios for river
basin Kraty in southern Italy. They predicted that in the period
2077-2099 mean temperature increases, between 3.5 to 3.9°C while
precipitation will decrease 9% to 12%. This causes reduction annual
cumulative snow 28% to 29%. The amount of subsurface water
decrease between - 6.5 to 41.4 % and surface runoff decrease between
-52.4 percent to -14.2 percent. Yi et al. [3] used IHACRES model in
Australia for the some of basin with an area of 1582 and 517 square
kilometers. Its performance was compared with 22 parameters
LASCAM model and parameter 8 GSFB model. Absolute error of
assessment in daily flow was calculated using IHACRES, 10 mm per
day. However, according to Nash factor, performance has been good,
thus model has done excellent. Post to simulate daily flow in
watersheds without data relationship established between model
parameters and characteristics of watersheds in south eastern Australia
and have used to predict daily stream by temperature data, daily
rainfall and basin characteristics. Some of these relationships were
determined with acceptable accuracy. While others were relatively
weak, so the predicted daily flow of current observations showed little
difference in quality. Crooke and Little wood 2005 showed that
IHACRES model in seven water shed in Wales so CMD edition model
has better performance than the previous version for basins larger than
1,000 square kilometers. Anderson for reduced forest cover in order to
show the possible impact on river discharge at the lake in the north of
the United States, created regression among the factors affecting river
flow. But could not gain a regional model for flow routing parameters.
Groce used IHACRES for 42,000 square kilometers area in the
southern basin in Wales, Australia. They used a version of IHACRES
which includes a soil moisture was used and integrated way to the daily
data for each subbasin. IHACRES parameters values were estimated
using average values for the subbasins with no data from the subbasins
of statistics or by local relations. They established relationship between
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the parameter values and percentage of forest cover and watershed
area. Results showed that in two subbasin, model performance was not
satisfactory due to the lack of meteorological stations but overall
performance is suitable for use in runoff. Bovany evaluated the effects
of climate change in the two periods 2070-2099 and 2010-2039 under
two climate change scenarios A2 and B2 in the river flow
Zayandehrood. Their findings indicate that reduced in both periods
between 10 and 16 percent in rainfall and increase in average
temperatures between 4.6 and 3.2°C, respectively A2 and B 2 scenarios.
They were using a neural network to simulate rainfall runoff basin,
findings show decrease to 5.8% and increased runoff coefficient of
variation up to 3 times in the next period. Zarghami et al. [4] to predict
the effects of climate change using outputs HadCM3 and LARS-WG
model in Azerbaijan. The results using artificial neural network
showed that reducing runoff of rivers. In 2009 Abbaspoor concluded
that using CGCM climate model scenarios A1B, B1, A2 for 37
meteorological stations in Iran in the period 2070-2100, rainfall in arid
regions decreases and increases in wet areas. Modaresi investigated the
impact of climate change on the annual discharge of the river in
Gorgan and downscaled outcome of various scenarios of general
circulation models ECHAM, GFDL-R30, CGCM2, CSIRO, HadCM
and the CCSR. They concluded that Gorgan river discharge decrease in
the 50 and 100-year return periods, 1.83 and 1.33 percent, respectively.
The impact of climate change on the basin runoff Gharehsou in the
northwestern basin floodplains with respect to uncertainty in
hydrological models were studied by Kamal and Bovany 1389. The
results determined that reducing runoff for the fall season and it
increased in other seasons during the period 2040-2069.
Ghorbanizadeh studied the impact of climate change on the
distribution of runoff from snowmelt in the basin of Karoon using the
scenario of climate model ECHAM4 outputs in the 25-year period
from 2000 to 2050. They found that the maximum flow will be
transferred from spring to winter also increase in the basin discharge
10% in winter but decreases spring and summer. According to studies,
we can conclude that the status of surface runoff of rivers affected by
climate change in future periods will be some changes compared to the
baseline. Over all Temporal and spatial variations in each region are
different. So it is essential to study climate changes in different basins
separately. Therefore, in this research effort to study the impact of
climate change on variables such as, temperature, precipitation and
surface runoff Dam Basin, located in Hamedan province in the period
2045-2065 under A2 and B1 emissions scenarios of future greenhouse
gas.

Materials and Methods

Study Area
A schematic of the study area, along with catchment boundaries and

gauging sites, is given in (Figure 1). Dam Basin of Ekbatan with an area
of 160 square kilometers located in the center of the Hamedan
province 48°41' and 48°30'east longitude and 34°36' and 34°46' north
latitude on the northern slopes of Alvand. Surface soil texture of basin
is 13.5 percent light and 55 percent average. About 22.3 percent of the
area under cultivation is rainfed and 17.1 percent irrigated and 60.6
percent used for grassland. The maximum and minimum height of
basin range between 1970 and 3467 meters and average altitude of
basin is 2524 meters. About 26.5 percent of the watershed area have
0-10% slope, 3.6 percent watershed area has slopes greater than 30%
and 67.3% of the watershed area also has a slope of between 10% and
30%. During the period 1983-2009 the total volume of the Dam Basin

of Ekbatan is 44.15 million cubic meters per year and average annual
discharge 1.4 cubic meters per second. The lowest monthly discharge
0.008 cubic meters per second is in September and highest average
monthly discharge 9.4 cubic meters per second in April.

Figure 1: Location map of Dam Basin of Ekbatan basin.

Generation Weather Data Using AOGCM Model
One of the main uses of stochastic weather generators is in the

generation of daily weather data representing scenarios of climate
change. Most climate change scenarios are derived from the output of
global climate models (GCMs). For assesment of climate change effect
on runoff first were simulated, temperature and precipitation
parameters for the next decade 2046-2065, using results of model
outputs coupled ocean atmosphere (AOGCM) under two emission
scenarios. Hydrological studies are often associated with small scale
process and basins which scale is much smaller than the scale
atmospheric circulation models give us. The GCM models should be
downscaled for use in hydrological studies. There are two ways to
downscaling data on a local or regional scale using global climate
scenarios, include dynamical and statistical methods. In this study to
predict climatic parameters, weather generatore, LARS-WG is used to
downscaling of general circulation models. Therefore Climatic
variables such as daily maximum temperature, minimum and
precipitation were produced for study area during period 2065-2045 by
three general circulation models MPEH5 'HADCM3 and IPCM4 for
scenario A2, B1. Then using simulated daily precipitation and
temperature data, the upcoming runoff was assessed using
hydrological IHACRES model.

LARS-WG model
LARS-WG model used for generating synthetic weather data and to

simulate meteorological data in one place, present, and future climatic
conditions. Data generated on a daily time series suitable for a range of
variables, for example, precipitation, minimum and maximum
temperatures and radiation (MJ per square meter). The remarkable
thing is that the artificial generation of climate data are not tools to
predict that can be used to predict weather but they are ability to
produce time series data for climate monitoring. The data produced by
the Simulation and artificial climate can be done on a local scale in a
regional climate change research. In this model, the process of
production of artificial weather data is done in three sections: 1-Site
Analysis 2-Model verification 3-Production and simulation of climatic
variables for the future period. So the implementation of the model
include: 1-Observation data 2-Analysis 3-Calibration 4-verification 5-
Select appropriate General circulation model 6- Select emission
scenarios 7-Simulation daily data 8-Analysis Results.
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Rainfall–runoff modelling
IHACRES is a lumped metric conceptual water balance model

developed by Jakeman and Hornberger [5]. IHACRES has been
successfully applied to a large number of catchments varying in scale,
time step and climate. Originally, IHACRES was developed to model
stream flow in humid regions. The first application was realized in two
small humid upland catchments in Wales [5]. The first application in
semiarid to arid catchments was accomplished by Ye et al. [3] who
applied a modified version of IHACRES to three low-yielding
ephemeral catchments in western Australia.

The IHACRES model includes a non-linear loss module to estimate
the effective rainfall and a linear routing module to model the
conversion of the effective rainfall into stream flow using the total unit
hydrograph incorporating both quick and slow flow components [5].
The model estimates stream flow from rainfall and temperature inputs
calibrated against observed stream flow on a daily basis.

The IHACRES model is a hybrid conceptual-metric model, using
the simplicity of the metric model to reduce the parameter uncertainty
inherent in hydrological models while at the same time attempting to
represent more detail of the internal processes than is typical for a
metric model. Figure 2 shows the generic structure of the IHACRES
model. It contains a non-linear loss module which converts rainfall
into effective rainfall (that portion which eventually reaches the stream
prediction point) and a linear module which transfers effective rainfall
to stream discharge. Further modules can be added including one that
allows recharge to be output. The inclusion of a range of non-linear
loss modules within IHACRES increases its flexibility in being used to
access the effects of climate and land use change. The linear module
routes effective rainfall to stream through any configuration of stores
in parallel and/or in series. The configuration of stores is identified
from the time series of rainfall and discharge but is typically either one
store only, representing ephemeral streams, or two in parallel, allowing
base flow or slow flow to be represented as well as quick flow. Only
rarely does a more complex configuration than this improve the fit to
discharge measurements [5].

Figure 2: Generic structure of the IHACRES model, showing the
conversion of climate time series data to effective rainfall using the
Non-linear Module, and the Linear Module converting effective
rain fall to stream flow time series.

Results

Uncertainty of climate change scenarious
Uncertainty is the absence or lack of information about the situation

or the results of a process. Uncertainty cannot be completely removed

but its scope will be reduced with further investigation. The greatest
uncertainty in climate modelling, which features in all climate
downscaling techniques, stems from the unpredictability of future
anthropogenic greenhouse gas emissions and their resultant
atmospheric concentrations. The IPCC Special Report on Emissions
Scenarios [6] discusses several factors that impact on the atmospheric
greenhouse gas concentrations projected over the present century:
population growth, economic and social development, the
development and utilization of carbon-free energy sources and
technology and changes to agricultural practices and land use. The four
storylines on which the SRES scenarios are based capture just some of
the ways in which these driving forces might change [7]. Uncertainty
in climate science is a case of ‘imperfect knowledge and what Gershon
[8] identifies as ‘causes of imperfect knowledge are all present.
However, due to the complexity of the climate system and the
modelling process, the relationships between uncertainty types must
also be considered. Uncertainty in the climate system has two main
sources. First, there is uncertainty over human action, including
uncertainty due to unknown future emission concentrations of
greenhouse gases and aerosols. This uncertainty is largely due to
unknowable knowledge, and is inherently irreducible [9]. Second,
there is uncertainty over how the climate system is likely to respond to
our actions. Further research may reduce this uncertainty, but may also
uncover previously unknown processes, thereby increasing
uncertainty. Additionally, in a complex, non-linear system the
existence of unknown states or the occurrence of ‘surprise’ events is
also possible [10].

So in this study changes in rainfall and temperature have been
investigated over the period 2045-2065 by three general circulation
models MPEH5 'HADCM3 and IPCM4 and scenario A2, B1 with the
implementation of the LARS-WG model and finally evaluated
uncertainty climate change models and A2, B1scenarious.

Monthly mean precipitations
The results of the uncertainty of estimates by taking three general

circulation models MPEH5 ' HADCM3 and IPCM4 models, A2 and
B1 scenario for the period 2045-2065 indicate that there is significant
uncertainty in estimating the monthly, quarterly and annually in the
basin. Box plot charts used in order to assess the uncertainty.
Accordingly, minimum, 25% or first quartile, median or 50%, 75% or
third quartile and maximum calculated then Box charts produced to
determine the uncertainty climate models [11-13].

Over the period 2045-2065 the highest and lowest uncertainty of
monthly precipitation in the basin under two scenarios occurred in
April and October. The results showed that the monthly precipitation
changes in future conditions in A2 scenario decreases percent of
monthly precipitation -45.3% in October (-10.8 mm) and according to
the B1 scenario, decreases -34.5 percent in October (-8.2 mm).

Due to the high and low monthly precipitation changes, based on
A2 scenario percent of monthly precipitation will be changed, -35
percent in October to 25.4 percent in November (-11.8 to 12.6 mm)
(Figures 3 and 4).
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Figure 3: Boxplots showing uncertainty climate models (MPEH5 'HADCM3 and IPCM4) on monthly rain fall Change under the A2 scenarios
for the future periods 2045-2065 relative to reference periods 1983-1999.

Figure 4: Boxplots showing uncertainty climate models (MPEH5 'HADCM3 and IPCM4) on monthly rain fall Change under the B1 scenarios
for the future periods 2045-2065 relative to reference periods 1983-1999.

The maximum and minimum uncertainty seasonal rainfall in the
basin during the period 2065-2045, according to two scenarios
occurred in the spring and fall. Review on seasonal rainfall results
shows that in the worst case future, in A2 scenario percent of seasonal
rainfall decreases -11.4 percent in the fall (-13.1 mm) and the scenario
B1, -8.1 percent in the fall (-10.4 mm). In this period the amount of

monthly rainfall decrease all of the months in the year exception of the
months of April, June and November. Also except spring, seasonal
rainfall will decrease in other seasons. Annual rainfall will be reduced
according to A2 and B1, respectively, -6.1% and -1.4% (Figures 5-7)
(Table 1).

Figure 5: Boxplots showing uncertainty climate models (MPEH5 'HADCM3 and IPCM4) on seasonal rain fall Change under the A2 scenarios
for the future periods 2045-2065 relative to reference periods 1983-1999.
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Figure 6: Boxplots showing uncertainty climate models (MPEH5 'HADCM3 and IPCM4) on seasonal rain fall Change under the B1 scenarios
for the future periods 2045-2065 relative to reference periods 1983-1999.

Season
B1 A2

Min Q1 Median Mean Q3 Max Min Q1 Median Mean Q3 Max

Winter -9 -8.3 -7.6 -0.8 3.4 14.3 -10.9 -7.2 -3.5 -5 -2.1 -0.7

Spring -13.3 -0.3 12.6 9.2 20.4 28.2 -4.6 -4 -3.4 2.3 5.7 14.7

Summer -90.1 -85.2 -80.3 -45.7 -23.5 33.3 -88.8 -86.6 -84.4 -52.1 -33.7 16.9

Fall -17 -12.1 -7.2 -8.1 -3.6 0 -24.8 -15.2 -5.7 -11.4 -4.8 -3.9

Table 1: Quartiles change in future (2045-2065) rainfall (%) relative to 1983-2009 historical period for Sub basin for three GCM models and the
A2, B1 emissions scenario.

Figure 7: Boxplots comparing uncertainty climate models (MPEH5 'HADCM3 and IPCM4) on seasonal rainfall Change under the A2 and B1
scenarios for the future periods 2045-2065 relative to reference periods 1983-1999.
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Average temperatures
Uncertainty of climate models under A2 and B1 for temperature

estimate Show an increase in temperature of the region in the future.
Survey results show that the seasonal average temperature under the
scenario A2, increase 2.6°C and Under the Scenario B1, 2.2°C in
summer. The average annual temperature will increase under two
scenarios A2 and B1, respectively, 2.12°C and 1.79°C.

During the period 2045-2065 the highest and lowest uncertainty
average monthly temperature under two scenarios in the region are in
May, June and July. The results showed that temperature changes
coming in the future under the worst scenario A2, average monthly
temperature will increase 2.92°C and the scenario B1, 2.51°C in July.

Due to the lower and upper limits of mean monthly temperature,
according to the A2 scenario will increase 1.32°C in February to 3.44°C
in July.

The highest and lowest average seasonal uncertainty in the region
during the period 2045-2065 under the two scenarios is higher in
spring than other seasons. Upper and lower limit average seasonal
temperature changes in the region based on the scenario A2 varies
from 1.54°C in winter to 2.96°C in summer and based on the B1
scenario varies from 2.21°C in autumn to 2.62°C in spring. Summer
temperature increases are greater than for other seasons under the two
emmision scenarious (Figures 8 and 9) (Table 2).

Figure 8: Boxplots showing uncertainty climate models (MPEH5 'HADCM3 and IPCM4) on seasonal Mean Temp Change under the A2
scenarios for the future periods 2045-2065 relative to reference periods 1983-1999.

Figure 9: Boxplots showing uncertainty climate models (MPEH5 'HADCM3 and IPCM4) on seasonal Mean Temp Change under the B1
scenarios for the future periods 2045-2065 relative to reference periods 1983-1999.

Season
B1 A2

Min Q1 Median Mean Q3 Max Min Q1 Median Mean Q3 Max

Winter 1.41 1.42 1.43 1.50 1.55 1.66 1.54 1.59 1.63 1.70 1.77 1.92

Spring 1.79 1.84 1.88 2.10 2.25 2.62 1.97 2.06 2.16 2.24 2.38 2.61
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Summer 1.97 2.06 2.15 2.16 2.26 2.37 2.32 2.47 2.62 2.63 2.79 2.96

Fall 1.21 1.36 1.51 1.42 1.52 1.52 1.76 1.78 1.79 1.90 1.97 2.14

Table 2: Quartiles change in future (2045-2065) Mean temp (%) relative to 1983-2009 historical period for Sub basin for three GCM models and
the A2, B1 emissions scenario.

Model Calibration and Validation
The objective of calibration and validation was to maximizing the

model efficiencies and finally using the parameter values obtained
through those calibration techniques. This study uses IHACRES
model. The calibration was performed using observed data from the
year 1983-1999 period [14]. The calibrated model was validated using
independent data 2000-2009, on monthly time step at Dam Basin of
Ekbatan river gauge.

The time series plot of measured monthly runoff simulated during
calibration period for best simulations are shown on Figures 3 and 4,
respectively and the summarized objective function results are also
shown on (Table 3). And to check the validity of the model, computed
runoff have been compared with field observed flow data 1983-1999.
The time series plot of measured monthly flow simulated during
validation period are shown on Figures 5 and 6, respectively [15].

For determining the ability of the rainfall - runoff model to simulate
runoff used Nash-Satcliffe coefficient. Results showed that IHACRES
model suitable for the simulation runoff in the watershed. In Table 1
monthly Nash-Satcliffe factors are 0.68 for calibration period
1983-1999 and 0.72 validation period 2000-2009.

Sub
Basin Operate Period R² Nash-

Satcliffe
Observe
d

Simulat
e MAE

Yalfan

Calibratio
n

1983-1
999 0.68 0.68 1.4 1.43 0.69

Validation 2000-2
009 0.72 0.72 1.17 1.14 0.54

Table 3: Model performance evaluation coefficients for calibration and
validation of Runoff.

The time series plot of measured monthly flow simulated during
validation period are shown on Figure 9 and the summarized model
predictive performance values are on Table 4 a quit good match is
found during monthly time period. Thus, according to Nash coefficient
can be concluded that the model is capable for runoff simulation and
gives acceptable results in the study basin. In general, the modelled
runoff agrees quite well with the observed data (Figure 10 and 11).

Figure 10: Observed and modelled stream flow for the calibration period (1983-1999).
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Figure 11: Observed and modelled stream flow for the validation period (2000-2009).

Hydrologic impacts of climate change
The impacts of climate change on hydrology at the catchment were

quantified based on runoff simulated with the hydrological model
IHACRES.

The results and the estimation of surface runoff basin provided
using model IHACRES according to climate models HADCM3, IPCM
and MPEH5 under climate change scenarios A2 and B1 in Figure 3
and Table 2 for 2045-2065 period. The results show that there are great
uncertainty in the estimation of runoff, according to climate models
HADCM3, IPCM and MPEH5 under climate change scenarios A2 and
B1. According to Figures 12 and 13 graphs show the greatest
uncertainties in summer and autumn and the least uncertainty in
winter. The results showed that Based on the Figure14 and Table 4
runoff decreases in most months of the year according to most climate
models in the basin. The climate models predict decreases in fall,

summer spring seasons flows exception winter. Consequently with
larger increase in winter temperatures the liquid winter precipitation
rapidly contributes to runoff instead of being accumulated in the snow
cover. Thus, there is not very much snowmelt in spring to contribute to
peak discharge.

According to climate models HADCM3, IPCM, MPE5 under
climate change A2 and B1 scenarios increases the amount of runoff in
the basin during the winter season. The average annual runoff will be
reduced according to climate models. Percentage runoff changes based
on climate models and emission scenarios A2 and B1 are shown in
Table 4. Winter runoff increases under the tow emission scenarios. The
mean annual runoff is expected to reduce by 17.2% and 19.4% in
2045-2065 period for the A2 and B1 scenarios, respectively relative to
base period.

Figure 12: Uncertainty in climate models under the emissions scenario A2 for Runoff change in 2045-2065 period relative to base 1983-2009
period.
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Figure 13: Relative uncertainty in climate models under the emissions scenario B1 for Runoff change in 2045-2065 period relative to base
1983-2009 period.

Figure 14: Monthly runoff hydrographs, 2050s time horizon for climate models under the A2 and B1 emissions scenarious.

Season HADCA2 HADCB1 IPCMA2 IPCMB1 MPEHA2 MPEHB1

Winter -4.9 22.1 22.7 23.2 69.4 46

Spring -23.6 -49.4 -35.1 -29.7 -31.8 -17.1

Summer -38.8 -70.5 -53.7 -30.7 -44.3 40.3

Fall -43 -34.9 -53.7 -75.3 31.3 -15

Yearly -21.2 -33.5 -24.4 -21.8 -6 -3

Table 4: Runoff change for climate models under the A2 and B1
emissions scenarious on 1945-2065 period relative to 1983-2009.

Discussions and Conclusion
The contributions of GCMs and hydrologic model parameters to

prediction uncertainty are investigated from an ensemble of monthly
runoff time series. The relative uncertainty to variability in hydrologic
time series is demonstrated with 27 years of monthly runoff
predictions for the Dam Basin of Ekbatan.

The effects of climate change, changes in temperature, precipitation
and runoff area. For assessing the impact of climate change on climate
parameters and runoff, there are various uncertainties which include
downscaling techniques, climate models and climate scenarios.
According to assessing the impact of climate change on water
resources for various uncertainties affect the final results and to ignore
any of them do not have the final results ensure. So for this reason, the
uncertainty of climate models IPCM4, MPEH5, HADCM3 and A2, B1
scenario for the period 2045-2065 were calculated for the studied area
[16]. Review monthly rainfall during the period 2045-2065 in the area
showed that under the A2 scenario the greatest reduction in rainfall
will happen -45.3% in October (-10.8 mm) and under the B1 scenario
-3.5% in October (-8.2 mm). Evaluation of seasonal rainfall in the
same period in the designated area showed that the most significant
reduction in the A2 scenario -11.4% in the fall (-13.1 mm) and
according to the B1 scenario, -8.1 percent in the fall (-104 mm).
Annual precipitation decrease in the A2 scenario -6.1% (-12.2 mm)
and according to the B1 scenario -1.4% (-0.5 mm).

The results of the seasonal average temperature over the period
2045-2065 showed that, under the scenario A2, average monthly
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temperature increase 2.6°C in summer and under the the scenario B1,
16/2 in summer and the average annual temperature increased under
the tow emission scenarious A2 , B1 2.12°C and 1.79°C, respectively.

The results of the hydrological model simulations and estimates
suggest that in the coming period, the monthly runoff hydrograph in
the study basin will be changed compared to the baseline and shows
move towards the winter and will be shift peak runoff in the winter
(left).

On the other hand predicted hydrologic responses increased winter
runoff special March and decreased fall, spring and summer. The shift
in seasonal runoff has been attributed to warmer air temperatures
forcing greater rain precipitation compared to snow precipitation.
Subsequently less winter snow precipitation results in decreased snow
melt runoff in the spring and subsequently lower base flow in summer.
This shift caused by increased river flow in March and reduce in the
spring. March runoff increases caused by rising temperatures and
changing precipitation from snow to rain in the winter and early
melting snow in the upper basin reservoirs in mountainous areas. The
results of this study show that ignore climate model uncertainty huge
impact on runoff and precipitation basin will be affected by climate.

Proportional to the increase in average temperature between 1.4 to
2.9°C in most months will increase evapotranspiration and Crop water
requirement in the region. Therefore, it is essential to plan for the
proper management of water resources by altering the pattern of plants
and should be considered modification of cropping patterns and
irrigation methods to adapt and mitigate the effects of climate change.
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