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ABSTRACT
The purpose of this study is to survey the impact of climate change on the runoff of Gharehsoo River in northwest of
Iran. In this research the outputs of monthly precipitation and temperature data of PRECIS model, which is a regional
climate model with 50 × 50 km resolution on the basis of B2 scenario, have been utilized for base (1961-1990) and future (2071-2100) periods. The output results of PRECIS model show that the average temperature of watershed increased up to 2˚C - 5˚C. In addition, future precipitation is more than the base precipitation on January, February,
March, September and December. The observed data of 1996-2002 used for calibration of HSPF model and the data of
2003-2004 were used for HSPF validation. The present monthly patterns for precipitation and temperature were estimated using the geostatistical techniques and the future monthly patterns were retrieved by the combination of future
monthly PRECIS data and monthly patterns of precipitation and temperature. Then, the base and future precipitation
and temperature patterns were introduced to validate HSPF model for the simulation of monthly runoff in the base and
future periods. The results show that in the future, the discharge of Gharehsoo River watershed decreases in all of the
months. In addition, the peak discharge in the future period happens one month earlier, in April, because of increase of
temperature and earlier beginning of snow melting season. Finally the sensitivity analysis was performed on the
monthly runoff. The results showed that monthly discharge increases 0.3% - 35.6% and decreases 0.3% - 32.6% due to
20% increase and decrease of precipitation, respectively. In addition, 1˚C and 2˚C increase of temperature leads to 0% 8% and 0.1% - 15% decrease of average monthly discharge, respectively.
Keywords: Climate Change; HSPF Model; Regional Climate Model; Gharehsoo River

1. Introduction
Climate change can influence the ecosystems, environment and water resources. One of the most important
impacts of climate change is the changes of regional and
local available water. Different studies have been performed on the impact of climate change on the water
resources [1-5]. Recently, some studies have been performed on the impacts of climate change on water resources in Asia. Chen et al. [6] analyzed the climate
change in the Danjiangkou reservoir that is a source of
water in China. The results for period 2021-2050 showed
that runoff and precipitation of Danjiangkou reservoir
will increase in all of the seasons. Sensitivity analysis in
their study revealed that 1˚C and 2˚C increases in temperature reduce the mean annual runoff about 3.5% and
7%, respectively and 10% and 20% decrease/increase of
mean monthly precipitation decreases/increases the mean
Open Access

annual runoff about 15% and 30%, respectively. Akhtar
et al. [7] showed that estimates of runoff changes in three
river basins in the Hindukush-Karakorum-Himalaya region are related to the climate change. In this study,
PRECIS Regional Climate Model was utilized for the
simulation of future climate. The results showed that the
temperature and precipitation will increase at the end of
21st century. Vicuna et al. [8] studied on the impacts of
climate change scenarios in the north-central Chile in the
first half of the 21st century. Their results showed an increase in temperature of about 3˚C - 4˚C and a reduction
in precipitation of 10% - 30% during the first half of 21st
century. Zarghami et al. [9] used General Circulation
Models (GCM) to predict the climate change. They used
the three scenarios (A1B, A2 and B1) with the horizons
2020, 2055 and 2090. Their study revealed that average
annual temperature will increase 2.3˚C and annual precipitation will decrease about 30% in the middle of
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this century.
In this study, the impacts of climate change on the
Gharehsoo River runoff were investigated. A new method
was developed for reasonable prediction of spatial patterns of precipitation and temperature. This method uses
the results of a Regional Climate Model (PRECIS model)
coupled with the appropriate spatial modeling techniques.
HSPF model was used to simulate the future runoff of
Gharehsoo River. Different studies demonstrated the ability of HSPF for runoff simulation [10-14].

2. The Study Area
The present study was conducted for the watershed of
Ardebil province in North-western Iran, which lies between latitude 37˚ to 38˚N and longitude 47˚ to 48˚E (Figure 1). The geographical information and the mean observed climate data for the main synoptic stations of the
province for the baseline years between 1996 and 2004
are presented in Table 1. The mean annual precipitation
in this watershed (stations are presented in Table 1) is
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very little in comparison with world average of 800 mm.
In recent years, the water shortage in Ardebil city (the
capital of the province) for the reason that used in excess
of water resource in agricultural province and industry
consumptions has become change into a serious problem
for this province.
There are very strict conflicts on using its recharge
sources and new water transfers are limited. The water
providing to the cities is now more vulnerable, and the
Ardebil Regional Water Company needs to notice the
future trend lines of the climate and their impacts on the
water resources. This data aids them to understand the
extents of the uncertainties and the real threats they will
face in future years. The purpose of this research is therefore to predict the climate change and its impacts on the
water resources in this regional.

3. Methodology
This algorithm of this study is presented in Figure 2. It
has two important steps: First, it prepares the future me-

Figure 1. Gharehsoo River watershed and its location in Iran with its topography, drainage network and meteorological stations.
Table 1. The positions and the averages of the temperature and precipitation of seven synoptic stations.
Stations
Ardebil

Bile

Foladloo

Jafarloo

Namin

Nir

Latitude (˚E)

38.25

38.02

38.12

37.92

38.42

38.03

Koloor Ardebil
38.20

Longitude (˚N)

48.28

48.60

48.48

48.35

48.45

47.98

48.08

Elavation (m)

1332

1680

1490

1680

1500

1450

1581

Available data (years)

1951-2007

1975-2007

1994-2007

1969-2007

1960-2007

1960-2007

1975-2007

Mean precipitation (mm)

445

480

334

359

360

376

458

Mean temperature (˚C)

10.3

8.4

6.3

7.6

8.3

7.4

8.4
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teorological data for region under a scenario, and second,
it assesses the impacts of climate change on Gharehsoo
River watershed by using the HSPF model.

3.1. Climate Change Data by PRECIS and
Preparation
Despite the important increase in the resolution of General Circulation Models (GCMs), they cannot yet predict
meteorological outputs for small scales. Different dynamic and statistical models have developed to downscale the GCM outputs. The PRECIS (Providing Regional
Climates for Impacts Studies) model is a RCM (Regional
Climate Model) that it was developed by the Hadley
center on the basis of the atmospheric of HadCM3 [15]
to generate high resolation climate change scenarios as
described in Jones et al. 2004 [16]. The PRECIS simulated region with a horizontal resolution of 50 × 50 km.
The base climate (1961-1990) and future climate SRES
B2 scenario (2071-2100), have been selected. Comparison between observed data and PRECIS Model simulated
data of the base period (1961-1990) demonstrated that
there is an appropriate similarity between these two data

Figure 2. The algorithm of study.
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series; so that, the base data series of PRECIS model
could be used for the runoff simulation using HSPF during the base period. Statistical analysis of precipitation
and temperature data series (observed and output data of
PRECIS model) shows that these two time series have
approximately the same mean and standard deviation. In
the study, we have applied a new method for preparing
future data that the algorithm of calculation is as below.
In the study, we have applied a new method for preparing
future data that the algorithm of calculation is as below.
First, it’s necessary to have a series of precipitation
and temperature unit patterns in producing of these patterns in monthly periods in future. This series of maps
are generated using the precipitation and temperature
patterns of present data. For this work, we use of interpolation methods for preparation these patterns. Utilizing
interpolation methods to estimate hydrological parameters can increase the accuracy of rainfall-runoff calculations [17]. These methods are including of Inverse Distance Weighting (IDW), Global Polynomial, Local Polynomial, Radial Basis Functions (RBF), Ordinary Kriging
and Simple Kriging. The cross validation technique is
utilized for identification of the best interpolation technique for each month. Then, precipitation and temperature unit patterns by the algorithm of calculation are as
follows. Figure 3 shows use of the new approach for
preparation precipitation unit pattern in future.
Using of algorithm Figure 3, the appropriate present
unit patterns (maps) are determined for each month and
in the other word, 12 monthly present unit patterns (maps)
are generated. Then, the future patterns are calculated
using the following formula:
fmpi  pmpi   fhi phi 

(1)

fmti  pmti   fti pti 

(2)

Figure 3. Algorithm of the new approach for preparation precipitation unit pattern in future.
Open Access
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Where, fmpi and fmti are future patterns of precipitation (mm) and temperature (˚C) in month i-th (i = 1···12),
respectively. pmpi and pmti are present unit patterns of
precipitation (mm) and temperature (˚C) in month i-th,
respectively and are calculated using interpolation techniques as explained above. fhi and fti are future mean
precipitation (mm) and temperature (˚C), respectively
and are calculated using the PRECIS model. phi and pti
are present mean precipitation (mm) and temperature
(˚C), and are calculated by averaging of pmpi and pmti
patterns, respectively.

4. Results and Discussion

3.2. HSPF Hydrological Model

4.1. Calibration and Validation of HSPF Model

In this study, we use of Hydrological Simulation Program FORTRAN (HSPF) for simulation outlet discharge
of Gharehsoo River watershed. HSPF is a set of computer codes, developed by the US Environmental Protection Agency. It is based on the Stanford Watershed
Model IV [18]. HSPF has been generated by the combination of Stanford Watershed Model IV with Agricultural Runoff Management Model (ARM) [19], Non-point
Source Runoff Model (NPS) [20], and Hydrological
Simulation Program (HSP) [21-23]. This model can simulate the hydrologic processes on permeable and impermeable land surfaces and streams [24]. It has been widely
used in Asian and other parts of the world in the climate
change studies [13,14,25].
HSPF is a semi distributed deterministic, continuous
and physically based model. The PERLND, IMPLND,
and RCHRES modules are three main modules of HSPF
which help to simulate permeable land segments, impermeable land segments, and free-flow reaches, respectively. Detailed information about these modules can be
found in the literatures [20,24,26,27]. HSPF model uses a
Storage Routing technique to route water in each reach.
Infiltration in permeable land is calculated based on Richard’s equation [24]. Actual evapotranspiration (ET) is
calculated by Penman or Jensen formulas. Table 2 shows
key HSPF parameters. These parameters should be calibrated during the calibration process. LZSN is the most
important parameter in infiltration capacity which is called

7-year daily average discharge data of Gharehsoo River
of 1996-2002 are used for calibration of HSPF model in
the simulation of daily discharge in the hydrometric outlet station of Samian. Two years (2003-2004) are used
for the model validation. Table 3 shows the values of
calibrated parameters in this study. For example, LZSN
in Table 3 is an average value 38.1 mm/h that has been
estimated according to the Linsley equation [29]. Linsley
equation for the LZSN estimation is LZSN = 100 + 0.25
× (Yearly mean precipitation). For estimation of the other
parameters, BASINS Technical Note 6 [28] has been utilized.
Figures 4 and 5 show the observed and simulated hydrographs for calibration and validation periods, respectively. These figures present good agreement between observed and simulated daily runoff in the calibration and
validation periods. The correlation coefficients for calibration and validation periods are 0.814 and 0.806, respectively. It implies that HSPF simulation is acceptable.
Moreover, Nash-Sutcliff coefficient (model efficiency) is
0.87 in calibration period and 0.76 in validation period.
Nash-Sutcliffe efficiency coefficient value less than 0.5
are considered as unacceptable, while values greater than
0.6 are considered as good and greater than 0.8 are considered excellent results. Therefore, HSPF has been presented good daily runoff simulation. Results show that
HSPF simulation of watershed discharge is acceptable in
calibration period and can be used in this research.

in HSPF with the INFILT parameter. AGWRC is depended on topography, climate, soil properties and land
use. UZSN is influenced of LZSN [11]. Other parameters
that they have not presented in Table 2 are estimated
using the BASINS software based on topographic, soil
properties and land use data. Then the estimated paprameters are introduced to HSPF. The data from 1996 to
2002 were utilized for HSPF model calibration and the
data from 2003-2004 were used as validation dataset.

Table 2. The parameters of HSPF model in simulation process [28].
Parameter

Definition

Units

INFILT
AGWRC
LZSN
UZSN
DEEPFR
INTFW
IRC
BASETP
LZETP

Index of infiltration capacity
Base groundwater recession
Lower zone nominal soil moisture storage
Upper zone nominal soil moisture storage
Fraction of groundwater inflow to deep recharge
Interflow inflow parameter
Interflow recession parameter
Fraction of remaining ET from base flow
Lower zone ET parameter

mm/h
dimensionless
mm
mm
dimensionless
dimensionless
dimensionless
dimensionless
dimensionless

Open Access

Possible range
MIN

MAX

0.25
0.85
50.8
1.27
0
1
0.3
0
0.1

12.7
0.999
381
50.4
0.5
10
0.85
0.2
0.9
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4.2. Future Changes of Temperature and
Precipitation
Figure 6 shows the average of 30-years monthly temperature in Ardabil station for the base (solid line) and
future (dash line) periods. As it is shown, this scenario
forecasts that temperature will increase in Ardabil station
in all of the seasons. Temperature increases 2˚C - 4˚C in
winter, 2˚C - 5˚C in spring, 3˚C - 5˚C in summer and 2˚C 4˚C in autumn. Maximum temperature will happen in
July and the Minimum temperature will take place in
January. Figure 7 shows the average of 30-year monthly
precipitation in Ardabil station for the base and future
Table 3. Values of parameters, used in simulation.
Parameter

Value

INFILT

0.35 mm/h

AGWRC

0.977

LZSN

38.1 mm

UZSN

22.86 mm

DEEPFR

0.2

INTFW

2

IRC

0.9

BASETP

0.1

LZETP

0.7

AL.

periods. Future precipitation is more than the base precipitation on January, February, March, September and
December.
PRECIS model forecasts that maximum precipitation
happens on February and the minimum on July. It is concluded that climate change impacts on climate variables
such as temperature and precipitation of Gharehsoo river
watershed in the future; although according to Figures 6
and 7, the impact of climate change on temperature would
be more than precipitation. Comparison between observed
data and PRECIS Model simulated data of the base period (1961-1990) demonstrated that there is an appropriate similarity between these two data series; so that, the
base data series of PRECIS model could be used for the
runoff simulation using HSPF during the base period.
Statistical analysis of precipitation and temperature data
series (observed and output data of PRECIS model) shows
that these two time series have approximately the same
mean and standard deviation.
In order to prepare base monthly precipitation and
temperature patterns, different geostatistical methods are
compared to each other using cross validation technique.
Tables 4 and 5, show RMSE (Root Mean Square Error)
values of the six interpolation methods for precipitation
and temperature data, respectively. Results show that
RBF and IDW methods can be utilized for preparation of

Figure 4. Simulated and observed hydrographs for calibration period during 1996-2002.
Open Access
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Figure 5. Simulated and observed hydrographs for validation period during 2003-2004.

Figure 6. Mean of temperature in Ardabil station for the
base (1961-1990) and future (2070-2100) period.

precipitation and temperature patterns. Therefore, precipitation and temperature patterns are prepared for all
months using these methods. Future monthly precipitation and temperature patterns are retrieved using the explained method in Section 3.1.3. The samples of precipitation and temperature patterns in January of 2100 are
shown in Figures 8 and 9.

4.3. Future Discharge Results
After calibration and validation of HSPF model to the
Open Access

Figure 7. Mean of precipitation in Ardabil station for the
base (1961-1990) and future (2070-2100) period.

watershed, PRECIS model base and future data series is
used as the input to HSPF model. Table 6 shows the difference between monthly discharges for base (1960-1990)
and future (2070-2100) periods. In spite of April, monthly
discharges of future period decrease in all of the months.
The differences between monthly discharge of base and
future periods in the warm months are more than the
other months; this is because of increase of future temperature and evapotranspiration and decrease of future
precipitation in the warm months in comparison with
base data. The least discharge difference is 28%, which
AJCC
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Table 4. RMSE values of the six interpolation methods for precipitation data.
Methods

Jan

Feb

Mar

Apr

May

Jun

July

Aug

Sep

Oct

Nov

Dec

IDW

21.44

33.38

21.20

23.65

34.44

16.35

18.95

2.63

2.82

27.03

24.25

22.24

Global polynomial

21.73

34.33

22.52

25.55

36.11

16.76

19.45

2.69

3.15

24.07

27.50

21.35

Local polynomial

21.42

34.22

23.66

24.65

40.22

18.28

19.33

2.84

3.28

21.88

28.90

21.46

RBF

20.85

31.01

20.59

19.63

32.18

16.08

18.62

2.55

2.05

23.78

24.77

21.12

Ordinary Kriging

22.37

33.60

21.67

23.32

33.37

17.04

18.66

2.62

2.89

21.73

23.82

21.14

Simple Kriging

21.44

33.06

21.54

23.35

33.60

16.09

19.64

2.983

2.63

21.87

24.06

21.84

Table 5. RMSE values of the six interpolation methods for temperature data.
Method

Jan

Feb

Mar

Apr

May

Jun

July

Aug

Sep

Oct

Nov

Dec

IDW

4.88

2.81

4.22

2.34

2.56

3.39

3.49

4.72

4.37

6.13

6.33

3.95

Global polynomial

6.16

3.64

5.91

2.36

3.35

4.18

4.50

5.82

5.56

7.97

9.04

5.54

Local polynomial

6.45

3.88

6.26

2.34

3.16

4.30

4.59

5.96

5.72

8.16

9.45

5.88

RBF

5.15

2.78

4.13

2.24

2.42

3.51

3.62

4.99

4.63

5.96

6.07

4.08

Ordinary Kriging

4.96

2.62

3.78

2.20

2.32

3.50

3.76

4.81

4.99

6.45

6.55

4.23

Simple Kriging

5.07

2.93

3.86

2.45

2.38

3.64

3.82

4.92

4.86

6.21

6.30

3.38

takes place on April (Table 6).
Figure 10 shows monthly discharge in the future and
base periods. This figure demonstrates that the peak discharge in the future period would happen one month earlier. It is because of increasing temperature and earlier
beginning of snow melting. Generally, results show that
in the future, the discharge of Gharehsoo River watershed would decrease in the all of months. It might make
problem for agriculture of studied region; because,
Gharehsoo watershed is one of the most important regions for production of crops in Iran and plays an important role in economic growth and food of this country.

4.4. Sensitivity Analysis
Figure 8. Precipitation pattern on January of 2100.

In this section, the sensitivity of precipitation and temperature to runoff is investigated. Sensitivity analysis is
performed in four hypothetical scenarios for future climate (Table 7). In two hypothetical scenarios, the precipitation is increased and decreased 20 percent. In the
other scenarios, the temperature is increased 1˚C and 2˚C.
Results of sensitivity analysis are exhibited in Figure 11.
It is obvious that 1˚C and 2˚C increase of temperature
lead to 0% - 8% and 0.1% - 15% decrease of average
monthly discharge, respectively. In addition, Figure 11
exhibits that monthly discharge increases 0.3 - 35.6 percent due to 20% increase of precipitation. Similarly,
monthly discharge decreases 0.3 - 32.6 percent due to 20%
decrease of precipitation.

5. Conclusions

Figure 9. Temperature pattern on January of 2100.
Open Access

HSPF was utilized in this study as a hydrological model.
The results of calibration and validation of this model
demonstrated its ability for runoff simulation in the
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Table 6. Difference between monthly discharges in the base and future periods.
Period

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec
78.46

Base period

22.78

11.16

19.36

53.42

82.35

77.83

37.64

16.39

8.12

6.47

32.35

Future period

21.76

7.32

10.29

53.70

49.67

27.50

15.06

5.34

2.67

5.05

18.78

41.46

Changes

−1.03

−3.84

−9.07

0.28

−32.69

−50.32

−22.58

−11.04

−5.45

−1.42

−13.57

−37.00

Percent of changes

−4.50

−34.41

−46.84

0.53

−39.69

−64.66

−60.00

−67.40

−67.08

−21.97

−41.95

−47.16

Figure 10. Monthly discharge future and base period.

Figure 11. Results of sensitivity analysis of mean monthly runoff to the precipitation and temperature in the Gharehsoo River
watershed.

Gharehsoo River. In this study, the different geostatistical methods were utilized for the estimation of present
monthly patterns of precipitation and temperature. The
cross validation technique was utilized for evaluation of
Open Access

different geostatistical methods. The results showed that
the best methods for extraction of precipitation and temperature pattern are RBF and IDW methods, respectively.
PRECIS as a regional climate model was utilized to proAJCC
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off Significantly in New England, USA,” Journal of Agricultural and Forest Meteorology, Vol. 117, No. 3-4,
2003, pp. 193-201.
http://dx.doi.org/10.1016/S0168-1923(03)00063-7

Table 7. Hypothetical scenarios of future climate.
Precipitation scenarios
∆P = −20% ∆P= +20% ∆P = 0
Temperature scenarios

∆T = 0





-

∆T = 1˚C

-

-



∆T = 2˚C

-

-



duce climate data of base (1960-1990) and future (20702100) periods based on B2 scenario with 50 × 50 km
resolution. In addition, by combination of base and future
precipitation and temperature data with the extracted
precent patterns for precipitation and temperature, the
future patterns for monthly precipitation and temperature
were extracted. The comparison between base and future
monthly precipitation and temperature showed that future
precipitation is more than the base precipitation on January, February, March, September and December and future temperature increases 2˚C - 4˚C in winter, 2˚C - 5˚C
in spring, 3˚C - 5˚C in summer and 2˚C - 4˚C in autumn.
The base and future precipitation and temperature patterns were introduced to validated HSPF model for the
simulation of monthly runoff in the base and future periods. The results show that in the future, the discharge of
Gharehsoo River watershed decreases in all of the months.
In addition, the peak discharge in the future period happens one month earlier, because of increase of temperature and earlier beginning of snow melting season. Finally, the sensitivity of precipitation and temperature to
runoff was investigated and the results showed that 1˚C
and 2˚C increase of temperature leads to 0% - 8% and
0.1% - 15% decrease of average monthly discharge, respectively. In addition, monthly discharge increases 0.3% 35.6% and decreases 0.3% - 32.6% due to 20% increase
and decrease of precipitation, respectively.
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