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ABSTRACT The performance of the SWAT2012 model for estimation of hydrological budget in 

Gharasou watershed, west of Iran, during 1995 to 2005 was assessed. Digital Elevation Model, 

hydro-climatological data, soil and land use maps with their properties relevant to the watershed 

were considered to fulfill the model. A branch program in SWAT-CUP software (SUFI2) program 

implemented to simulate and validate the model. Both coefficients of determination (R2) and 

Nash- Sutcliffe coefficient exploited reliable analysis for simulation of the model from 0.37 to 

0.87 and 0.39 to 0.73, respectively. Results showed that evapotranspiration was the main source of 

waste water (49.3%) in the study area. Surface runoff, subsurface flow, groundwater flow, and 

variation of soil moisture are 14.8, 0.8, 29.9 and 5.2 percent during the study period, respectively. 

The monthly proportions of different water pathways of input to the river flow take place from 

intense storms and snow melt during April to the end of May. This study has produced a technique 

with reliable data base for water budget in Gharasou catchment, which could be successfully 

developed to manage water resources by many government agencies. 
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1 INTRODUCTION 

Planning water balance for the future is an 

important problem for developing countries. It 

is necessary to understand the water quantity 

and quality in space and time through studies to 

use water for the future (McCornicket al., 

2003). The hydrological models and their 

relevant equations can quantify hydrologic 

budget that includes surface runoff, subsurface 

 

flow, groundwater flow, evapotranspiration and 

soil water content. They are affected by both 

climate and geophysical characteristics, such as 

soil, land use and topography. Understanding of 

the relationship between the physical 

boundaries and hydrological components is a 

major task for any water supply project (Sathian 

and Symala, 2009). Because of complexity of 

this relation, the integrated model can be 
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important for proper hydrological budget 

separation. Major water sources available in 

many countries originate from highland 

watersheds (Sanjay et al., 2010), including the 

Gharasou watershed in Iran that supplies the 

Kharkheh Reservoir. Therefore, estimation of 

annual and monthly water budget can be helpful 

in sustainable land use and water management 

in downstream. The Soil and Water Assessment 

Tools (SWAT) is a semi distributed model that 

performs continuously on a daily time step 

(Arnold et al., 1998). This model was selected 

among fifteen hydrological models to separate 

water components, which successfully fulfilled 

the annual and monthly water budget estimation 

as well as suspended sediment yield in the 

Taleghan catchment during 1987-2007, with a 

high accuracy (Hosseini et al., 2010). 

Different calibration methods have been 

developed to increase efficiently of test models. 

These methods applied to improve the 

prediction reliability of the SWAT simulations, 

including manual and automated calibration 

(Eckhardt and Arnold, 2001; Lu et al., 2012; 

Niraula et al., 2012; Z. Lu et al., 2015). A 

comparison of the water budget components 

performed by this model in Taleghan catchment 

from 1995 to 2004 and estimated using three 

land uses maps of 1987, 2001 and 2007 

(Hosseini and Ashraf, 2015). Therefore, 

SWAT2012 with ArcGIS selected to test 

efficiency of the model and separating water 

components in the Gharasou catchment. Hydro-

climatological data at meteorological stations 

with daily period used to calibrate and validate 

the SWAT model in this area. The objective of 

this study was to simulate SWAT model and 

estimate hydrologic budget in Gharasou 

watershed, Kermanshah province, which would 

also establish a database for planners and 

engineers to achieve as effective plan for water 

management. 

 

2 MATERIALS AND METHODS 

2.1 Study area 

The study area is located at the upper part of 

Karkheh Reservoir in Kermanshah province, 

west of Iran (46˚ 20΄ to 47˚ 20΄ E and 34° 05' to 

34° 50΄ N) (Figure 1).   

 

 
Figure1 Location of study area 
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This catchment with an area of 5793 km
2
 is 

the main source of water supply for the 

Karkheh Reservoir. The climate is dry and cold 

in the south to cold and humid in the northern 

Zagros Mountain Ranges (altitudes from 1244 

to 3351, average 1559 above sea level). 

Topography of the study area consists of 

highlands (48%) and plains (52%), the latter of 

which includes three plains of Mahidasht-

Sanjabi (1463 km
2
), Kamyaran-Bilevar (356 

km
2
), and Kermanshah (984 km

2
).The average 

annual precipitation of this basin is 400 mm and 

the highest one takes place in February and the 

lowest in July; the average annual temperature 

is 14°C and the mean annual potential 

evaporation is 2132 mm (Hosseini et al., 2012). 
 

2.2 SWAT model 

SWAT model is a comprehensive tool to assess 

the impact of land management practices on 

water, sediment and chemical yields in different 

land use and management practices for large 

and complex watersheds (Neitsch et al., 2005).  

It was developed to simulate the major 

hydrological processes for watersheds in 

routine planning and decision making (Ogden 

et al., 2001). One of the main advantages of the 

model is its computational efficiency for large 

catchments, which makes it of practical use to 

land and water managers dealing with vast 

areas (Arnold et al., 1998). 

The hydrological simulation of a watershed 

can be separated into two major divisions, the 

first of which is the land phase cycle that 

controls the water, sediment, nutrient and 

pesticide loadings to the main channel; the 

second division is the routing cycle which can 

be defined as moving water, sediments, etc.,  

through the channel network (Neitsch et al., 

2011). 

The hydrological model based on the water 

budget equation in the soil profile consists of 

precipitation, infiltration, surface runoff, 

evapotranspiration, lateral flow and percolation. 

SWAT partitions groundwater into two aquifer 

systems: a shallow unconfined aquifer and a 

deep and confined aquifer. Surface runoff 

volume is predicted from daily rainfall by using 

the SCS curve number equation (USDA, 1972). 

Partitioning the catchment into sub basins in 

simulation is particularly useful when the 

catchment is dominated by various land uses or 

soils properties differ well enough to impact the 

hydrology of the catchment. Besides, it enables 

the user to spatially compare different areas of 

the catchment. Above all, partitioning the 

catchment into a suitable number of 

subdivisions increases the accuracy of the 

model in reflecting differences in the 

hydrological variables of concern, e.g., 

evapotranspiration for various crops and soils, 

and between the various catchment sub-

divisions. On the other hand, runoff is predicted 

separately for each HRU and routed to obtain 

the total runoff for the catchment. This further 

increases the accuracy of the model and gives a 

much better physical description of the water 

budget. 

Hydrological response unit (HRU), is the 

smallest land unit in this model which is 

obtained from the combination of slop, land use 

and soil maps. Implementation of this model in 

a collaborative environment using Arc GIS 

software eases the use of this model and 

increases its functionalities. 

The needed basic maps, including of digital 

elevation model (DEM), land use and soil must 

be given to the model in raster format. Other 

information related to meteorological data, 

water quality, factors affecting surface flow and 

channel, ground water, water harvesting, land 

management, information related to the water 

quality, tanks and some other areas must be 

included in the model according to the study 

purpose (Nitch et al., 2005). In addition, at least 

one monthly data from reference synoptic 

station is required. Other requested data, 

including mean daily rainfall and temperature, 
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were collected from meteorological stations 

within the study area or nearby. 

 

2.2.1 Model input and calibration 

The main data requirements for SWAT model 

consists of climate data, topography, soil, land use 

map, and topographic information. SWAT 

hydrological model requires input on soils (bulk 

density, available water capacity, sand, silt, clay, 

organic matter, and saturated conductivity), land 

use (crop and rotation), management (tillage, 

irrigation, nutrient, and pesticide applications), 

weather (daily precipitation, temperature, and 

solar radiation), channels (slope, length, bank full 

width and depth), and the shallow aquifer 

(specific yield, recession shallow aquifer by deep 

roots or water that travels from the shallow 

aquifer to the soil profile and is then lost to soil 

evaporation or plant root uptake (Arnold et al., 

1993).  The climate data, including of rainfall, 

temperature and discharge, relative humidity, 

wind and solar radiation collected in daily steps. 

This data collected from both synoptic 

meteorology stations from Iranian Meteorological 

Organization and also climatology stations from 

Ministry of Energy in the study area during 1995-

2005. Collected data from 52 rain gauge and 10 

synoptic stations were prepared and stored in a 

database for the simulation. The hydro-

climatological stations within and near the 

Gharasou watershed are shown in Figure2. The 

digital elevation model (DEM), showing the 

topography of the land by a cellular network in 

Raster format, was used in the model with 

specified geographic coordinate system (Figure 

3). The model determines the location of rivers, 

divides basin into sub basins, and extracts 

physical characteristics of the catchment. Soil 

units were classified into 20 classes with 

attributes based on the FAO map with scale 

1:1000000 (FAO/UNESCO-ISWC, 1998). This 

map was revised by Kermanshah Watershed 

Management Department (Figure 4). Field 

work increased the accuracy of soil units by 

collecting 45soil samples and testing in 

laboratory (Table 1). Land uses in Raster 

format were obtained from the Soil 

Conservation and Watershed Management 

Institute (SCWMRI). Land use maps, also 

available in SCWMRI, were prepared using 

data from Landsat satellite images in 2005 by 

supervised classification and visual 

interpretation (Figure 5). A Large number of 

parameters used for calibration, validation and 

sensitivity analysis by "one parameter at a time 

(OAT)" method in order to identify factors with 

important and sensitive impacts on river flow 

simulation from 1995 to 2005. Calibration, 

validation and uncertainty analysis were 

performed by using SUFI2 algorithm among 

the others due to its accuracy. 
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Figure 2 Hydro-climatological stations within and near the Gharasou watershed  

 

 
Figure 3 Digital Elevation Model in Gharasou watershed 
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Figure 4 Classified soil textures in Gharasou watershed (Source: Kermanshah Watershed Management 

Department, 2005) 

 
Figure 5 Land use map in Gharasou watershed (Source: SCWMRI, 2006) 
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For automatic calibration, Abbaspour et al. 

(2007 and 2015) developed a set of five 

different calibration programs as Sequential 

Uncertainty Fitting (SUFI2), Parameter 

Solution (ParaSol), Generalized Likelihood 

Uncertainty Estimation (GLUE), Markov Chain 

Monte Carlo (MCMC) and Particle Swarm 

Optimization (PSO), which could be linked to 

SWAT. This model is able to separate water 

budget components such as evapotranspiration, 

surface runoff, sub surface runoff, groundwater 

flow, and soil water content. 

 

Table 1 Soil properties in Gharasou watershed 

ID 
Hydrologic 

group 

Soil depth 

(cm) 

Soil 

cracks 
Texture 

Available 

water capacity 

Carbon 

content (%) 
Clay Silt Sand 

EC 

(µm) 

1 A 70 0.1 CL-L 0.3 0.5 30.0 38.0 32.0 0.7 

2 B 150 0.2 L-SL-L-S 0.2 0.4 18.0 34.0 48.0 0.6 

3 B 35 0.1 C 0.3 1.9 50.0 28.0 22.0 0.6 

4 A 90 0.2 C 0.4 1.5 46.0 32.0 22.0 0.7 

5 B 110 0.2 CL-SL-SL 0.4 1.7 36.0 26.0 38.0 0.4 

6 B 70 0.2 SCL 0.4 0.1 20.0 20.0 60.0 0.5 

7 A 100 0.1 C-C 0.3 1.6 50.0 30.0 20.0 0.6 

8 D 100 0.3 C-C 0.1 1.4 52.0 36.0 12.0 1.0 

9 B 120 0.1 CL-CL 0.3 0.3 32.0 24.0 44.0 0.5 

10 A 100 0.2 C 0.2 2.0 66.0 20.0 14.0 0.7 

11 B 50 0.2 CL-SCL 0.4 0.9 40.0 32.0 28.0 0.5 

12 B 120 0.2 C-CL 0.4 0.8 42.0 30.0 28.0 0.4 

13 D 40 0.0 CL-CL 0.0 0.4 36.0 30.0 34.0 0.4 

14 C 150 0.2 C-CL-SCL 0.3 0.9 42.0 38.0 20.0 0.4 

15 D 30 0.0 C 0.0 0.3 46.0 40.0 14.0 0.3 

16 A 180 0.3 SCL-C-C 0.4 1.0 38.0 44.0 18.0 1.2 

17 D 35 0.0 C 0.0 0.5 54.0 32.0 14.0 0.4 

18 B 30 0.2 C 0.4 0.8 51.0 31.0 18.0 0.6 

19 D 150 0.3 SC-C-C 0.1 1.5 44.0 40.0 16.0 0.5 

20 D 30 0.0 CL 0.0 1.2 30.0 32.0 38.0 0.7 

 

 

3 RESULTS AND DISCUSSION 

3.1 Model calibration and validation 

Sensitivity analysis deals with how the 

variation in the output of a model (numerical or 

otherwise) can be apportioned, qualitatively or 

quantitatively (Santhi et al., 2001). Out of 

twenty six flow parameters assessed by the 

model in this study, eight of them were found to 

be more sensitive, the most sensitive of which 

were curve number (CN2), available water 

capacity of the soil layer (SOL_AWC), and 

Groundwater "revap" coefficient 
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(GW_REVAP). A brief description of each 

hydrological parameter is listed in the SWAT 

model user’s manual (Neitschc et al., 2005). 

The model was calibrated for the water budget 

and stream flow for the average annual and 

monthly steps in two main gauge stations, viz. 

Golchehr and Gharabaghestan. Statistical 

criteria were provided from the final report of a 

project (Hosseini et al., 2012). The visualized 

output elucidates that the observed and 

simulated average monthly discharge for both 

calibration (1995 to 2001) and validation (2002 

to 2005) periods for main stream gauges in 

study area are in good agreement with one 

another (Figures 6, 7, 8, and 9).  Evaluation of 

the hydrologic budget in this study entailed 

employment of the pertinent parameters 

optimized by SUFI2 to test the performance of 

SWAT in both the model calibration and 

validation for the period January 1995to 

December2005. The statistical results showed 

the successful performance of the model in both 

calibration and validation periods at three main 

stream gauge stations (Table 2). Since the 

values for the mean absolute relative error 

(MARE) and standard error are generally too 

low and close to zero, R
2
 and NS coefficient are 

two important statistical analyses for evaluation 

of the results. Low MARE and high values of 

R
2
 indicated that SWAT model can be used 

safely to simulate the water balance 

components in study area. 

In this research R
2
 values, corresponding to 

the relationships between the observed and 

predicted average monthly discharges in three 

main stream gauges (viz. Golchehr, 

Gharabaghestan and Gharasou), were 0.40, 

0.71, and 0.61 for calibration and 0.37, 0.87 and 

0.65 for validation periods, respectively. 

Coefficients of efficiency (NS) at outlet were 

0.43 to 0.73 in the three outlets for both 

periods. These ranges were adopted in this 

study for interpretation of the model 

performance. Nash Sutcliffe coefficients for 

both calibration and validation periods for 

stream gauges of study area shows reliable 

value with good agreement. 

According to Norusis (1999), when R
2
 

equals to 1, the regression equation model is 

considered as a perfectly fit model, but if the R
2
 

is lower than 0.5 (near to zero), the model is 

considered as not suitable. Otherwise, the 

values for the coefficient of efficiency (NS) can 

range from extreme negative values to 1, with 1 

indicating a perfect fit between the observed 

and predicted runoff.  According to common 

practice, the simulation of a model is 

considered good for values greater than 0.75 

and acceptable for values between 0.36 and 

0.75 (Motovilov et al., 1999). Values less than 

0.36 indicate a poor model performance. 

In SUFI2, parameters uncertainty accounts 

for all sources of uncertainties. These sources 

include variables (e.g. rainfall), the conceptual 

model, model parameters, and measured data. 

To evaluate such uncertainties, SUFI2 offers 

two criterion factors: the P-factor and the R-

factor. The P-factor indicates the percentage of 

measured data bracketed by the 95% prediction 

uncertainty (95PPU) whereas the R-factor 

calculates the average thickness of the 

95PPUband divided by the standard deviation 

of the measured data. Theoretically, the value 

of the P-factor ranges from 0 to 100%, while 

that of the R-factor ranges from 0 to infinity. A 

P-factor of 1 and R-factor of zero indicate a 

simulation that exactly complies with measured 

data. The degree to which we are away from 

these numbers can be used to judge the strength 

of our calibration. Further goodness of fit can 

be quantified by the R
2 

and Nash-Sutcliff (ENS) 

coefficient between the observation and the 

final “best” simulation (Hosseini et al., 2012). 
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Figure 6 Observed and estimated mean monthly discharge at Polchehr station in calibration period  

 

 
Figure 7 Observed and estimated mean monthly discharge at Gharabaghestan in calibration period 
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Figure 8 Observed and estimated mean monthly discharge at Polchehr station in validation period 

 

 
Figure 9 Observed and estimated mean monthly discharge at Gharabaghestan in validation period 
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Table 2 Statistical evaluation of the model performance on the monthly discharge in the calibration and 

validation periods at main outlets of Gharasou stream gauge stations 

Main stream gauges  R
2

 NS RMSE VE 

Polchehr 
Calibration 0.40 0.43 14.16 0.37 

Validation 0.37 0.39 8.13 0.57 

Gharabaghestan 
Calibration 0.71 0.52 15.99 0.52 

Validation 0.87 0.73 10.08 0.71 

Gharasou 
Calibration 0.61 0.56 18.26 0.33 

Validation 0.65 0.60 12 0.45 

 

The hydrologic budget for selected years at 

the outlets of subbasins included such 

components as surface flow, lateral flow, 

groundwater flow, evapotranspiration and soil 

water content (Table 2). 

Results of annual interpretation indicated 

that the highest water loss (49.3%) occurred 

through evapotranspiration (Figure 10), which 

was lower than the country’s average (72%). 

Groundwater flow constituted 30% of the 

hydrologic budget, followed by the surface 

runoff (15%). Variation of soil moisture during 

simulation period was equal to 26.2 mm (5.2 % 

of mean average precipitation). The study has 

developed a database system for the Gharasou 

in Iran that organizes the otherwise dispersed 

datasets of the water budget and link them to 

the GIS environment that can be easily used by 

the interested government agencies and other 

stakeholders. 

 

Table 3 Water budget at Gharasou Station during the Period 1995 to 2005 

Variables 
Total 

(mm) (%) 

Precipitation 502.5 100 

Evapotranspiration 247.5 49.3 

Surface Runoff 74.6 14.8 

Sub surface flow 4.21 0.8 

Groundwater flow 150.13 29.9 

Soil Water content 26.2 5.2 

 

 
 

Figure 10 Mean annually hydrologic budget in Gharasou watershed 
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The monthly proportions of different water 

pathways of input to the river flow, as has been 

pointed out in an earlier study (Hosseini et al., 

2012), are shown in Figure 11 for outlets of sub 

basins. It can be seen that from April to the end 

of May, most of the river flow originates from 

surface runoff due to the intense storms and 

snow melt occurring during that period. Most of 

the surface runoff in June depends on snow 

melt that takes place at high elevation areas. 

Climate of study area is influenced by both 

Caspian Sea. In general, the precipitation 

regime in the study area is the result of the 

Mediterranean regime with one main maximum 

precipitation episode at the end of winter and 

early spring followed by one long dry season in 

the summer. In fall there is another rainy period 

wherein precipitation is influenced by moist air 

in contact with northern Siberian air masses. 

The influence of the monsoon from the Indian 

Ocean is very rare during the year. 

 

 

 
 

Figure 11 Mean monthly proportions of different water flux inGharasou watershed 

 

4 CONCLUSION 

In this research, SWAT optimized the 

hydrologic budget in three main stream gauge 

stations reasonably well. By implementation of 

SWAT physical model in Gharasou catchment 

(Kermanshah), the monthly flow simulation 

became possible. Each components of the 

model gives reasonable output. This should 

allow more realistic appraisal of various land 

use management practices on a large watershed. 

The highest water loss (49.3%) occurred 

through evapotranspiration, which was lower 

than the country’s average (72%). Groundwater 

flow constituted 30% of the hydrologic budget, 

followed by the surface runoff (15%).The 

portion of ground water flow (30%) shows a 

reliable potential to support water supply in 

agriculture. The 15% surface runoff (about 436 

MCM in volume) can have an important role in 

the agricultural planning of the area.  
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 سو، ایران برآورد مولفه های بیلان آبی در حوزه آبخیس قره

 

 4سیضیاٍ آسش صاسع گ 3، ًادسللی اتشاّیوی3، هحوَدسضا طثاطثایی2، هحوذ غفَسی1هجیذ حسیٌی

 خان ٍ آتخیضداسی، تْشاى، ایشاى پظٍّشىذُ حفاظتگشٍُ هذیشیت حَصُ ّای آتخیض،  ،داًشیاس -1

 آب، پظٍّشىذُ حفاظت خان ٍ آتخیضداسی، تْشاى، ایشاى عگشٍُ ّیذسٍلَطی ٍ تَسعِ هٌات ،داًشیاس -2

 گشٍُ هذیشیت حَصُ ّای آتخیض، پظٍّشىذُ حفاظت خان ٍ آتخیضداسی، تْشاى، ایشاى ،استادیاس -3

 گشگاى، گشگاى، ایشاىعلَم وشاٍسصی ٍ هٌاتع طثیعی داًشىذُ هٌاتع طثیعی داًشگاُ  ،داًشجَی دوتشی -4
 

 1335هْش  3 / تاسیخ چاج: 1335خشداد  7/ تاسیخ پزیشش:  1335فشٍسدیي  30تاسیخ دسیافت: 

 SWAT2012ّای هتٌَع تا استتفادُ اص هتذ    ّای هتفاٍت ٍ خاندس واستشیسَ تیلاى آتی حَصُ آتخیض لشُ :چکیذه

ّای هَسد ًیاص اجشای هذ  هشتول تش ًمشِ خان ٍ خصَصیات دادُ .گشدیذ تشآٍسد  2005الی  1335ّای دس طَ  سا 

تاشذ. تشای ٍاسٌجی ٍ ّای سٍصاًِ َّاشٌاسی ٍ ّیذسٍهتشی حَضِ هیآى، ًمشِ واستشی اساضی، ًمشِ سلَهی استفاع ٍ دادُ

R) ضتشایة تثیتیي  استتفادُ شتذ.     SUFI2ٍ تشًاهِ  SWAT-CUPافضاس سٌجی هذ  اص ًشمصحت
2)  ٍNash-Sutcliffe 

(NS )ِحتتتتتتاوی اص وتتتتتتاسآیی لاتتتتتتتل لثتتتتتتَ    73/0تتتتتتتا  33/0ٍ  77/0تتتتتتتا  37/0تشتیتتتتتتة اص تتتتتتت 

ّای تثخیش ٍ تعشق، جشیاى سطحی، جشیاى صیشسطحی، دّذ وِ هَلفِآًالیض تیلاى آتی ًشاى هی. تاشذ ساصی هذ  هیشثیِ

تاشذ. تَصیتع  دسصذ هی 2/5ٍ  3/23، 7/0، 7/14، 3/43تشتیة هعاد  شذُ دس خان تِجشیاى صیشصهیٌی ٍ حجن آب رخیشُ 

تاشذ. هی اٍایل هاُ خشدادتا  فشٍسدیيّای ّای حاوی اص سگثاسّای شذیذ ٍ رٍب تشف دس سٍدخاًِ دس طَ  هاُهاّاًِ هَلفِ

تاشذ وِ تا هَفمیت تشای سَ هیی حَضِ لشُحاصل ایي تحمیك، ایجاد یه تاًه اطلاعاتی اص تیلاى آتی سالاًِ ٍ هاّاًِ تشا

 تشداساى تَسعِ یافت است.ّای دٍلتی ٍ تْشُهذیشیت هٌاتع آب تَسط دستگاُ

 

 SWATسَ، هذ  ، تیلاى آتی، حَصُ آتخیض لشSUFI2ُتشًاهِ  ایشاى، کلمات کلیذی:
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