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Abstract- One of the most important methods for optimal use of water resources is true management of catchment basins 
and thus simulation of hydrologic events in the basins could be an optimal solution. A commonly used model to simulate 
these events is SWAT, a semi physical- semi distributed continuous-time model developed to predict impacts of different 
management practices in water cycle. In the present study, SWAT model was used to hydrologically simulate Astaneh – 
Kouchesfahan Plain. At first, this basin was simulated for periods 2004-2014 and then the results were validated and 
calibrated using recharge measurement in Pol Astaneh station. The results were acceptable. Using the SWAT, amount of 
groundwater recharge in Astaneh- Kouchesfahan plain was estimated around 141/07 million square meters.  
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I. INTRODUCTION 
 
To optimal use of water resources, true management 
of catchment basins are introduced in which 
simulation of hydrologic events could be an optimal 
solution to manage properly. For this purpose, in 
recent decades the computer-based modeling has 
broadly developed and used. Development of modern 
models and methods, development of research 
institutes and increased demand for developed 
instruments as well as increased pressure on water 
resources are among the main reasons why these 
models have popularized in recent years. To manage 
catchment basin and avoid incompatibility in 
developed measures in basin-scale, it is necessary to 
develop a model in order to simulate the given basin 
enabling the inclusion of numerous data in the 
simulation including rainfall, topography, basin 
boundaries, soil and sub-surface characteristics, land 
use and vegetation, runoff transfer systems, existing 
managerial structures, available water quality data 
and level of groundwater [1]. Therefore, using a 
model with required comprehensiveness is of great 
importance in basin simulations. The hydrologic 
models applicable in simulation of catchment basins 
are generally classified into two groups, namely 
Lumped and Distributed models. The former, i.e. 
lumped hydrologic models neither evaluate spatial 
variations of the parameters nor require huge time 
and money for implementation. In contrast, 
distributed models, due to connectivity to GIS can 
consider all spatial variations but their 
implementation is time consuming, in particular in 
vast basins. In recent years, the semi-distributed 
models have been developed that are widely used in 
vast basin simulations. One of these semi-distributed 
models applied throughout the world, is SWAT 
hydrologic model. Soil and Water Assessment Tool 

(SWAT) firstly developed by Dr. Jeff Arnold at 
USDA Agricultural Research Service in 1990. It has 
been applied in numerous studies with different 
objectives that some of them are reviewed here as an 
example. In 2005, Jayakrishnan et al applied this 
model to investigate different scenarios in water 
resources management through four case studies. 
Their most important study was Hydrologic Unit 
Model for the United States (HUMUS) project in 
which used SWAT to conduct a national scale 
analysis to evaluate effect of different management 
scenarios on quality and quantity of water. They used 
integration of SWAT with rainfall data obtained from 
WSR-88D radar network to incorporate the spatial 
variability of rainfall into the modeling process. Their 
study indicates superiority of rainfall data derived 
from the radar in distributed hydrologic studies and 
potential of SWAT for application in flood analysis 
and prediction [2]. In another study, Abbaspour et al 
(2007) simulated all affecting process on water 
quantity, sediment and nutrient loadings in Thur 
watershed with an area around 1700 square kilometer 
located in south-east of Switzerland [3]. Furthermore, 
Faramarzi et al (2009) used SWAT together with 
SUFI-2 program to validate and calibrate the 
application of hydrologic model in Iran based on river 
discharges and wheat performance taking into 
account operation of huge dams and irrigation 
methods with regard to the fact that in Iran renewable 
water resources are among the most important data in 
long term planning [4]. Finally, Jeong et al (2010) 
applied SWAT for development and experimentation 
of a sub-hourly rainfall-runoff modeling. They tested 
sub hourly routines on a basin with surface area of 
1/9 square kilometer near Lost Creek in Austin, 
Texas, USA. The results suggest that sub-hourly 
version of SWAT is a promising tool for studies 
evaluating non-point source pollution [5]. 
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II. DETAILS EXPERIMENTAL  
 
2.1. Study Area 
Astaneh- Kouchesfahan plain is located in Gilan 
Province over alluvial fan of Sepid Rood River that 
covers around 18.984 square kilometers. It lies 
between longitude 40°12’-50°5’ E and latitude 37°7’ 
- 37°25’ N. Astaneh- Kouchesfahan study area is 
located in riffle on the Sefid Rood River in the 
distance between dam to the sea, with an surface area 
around 2582/7 square kilometer it encompasses 
Disam, Zilki, Resthe rood and Tootkabon Rivers, 
riffle on Sefid Rood and Astaneh- Kouchesfahan 
plain. Figure 1 illustrates the study area along with 
the river and aquifer.  
 

 
Fig.1. Astaneh- Kouchesfahan plain area 

 
2.2. SWAT Model 
The data required for simulation in this model is as 
follow: topographic map, soil map, land use map and 
hydro- climatologic data. Topographic data gathered 
as digital model (DEM) with 100m pixel size (due to 
availability of this scale) and from available maps in 
Gilan Regional Water Authority, soil map with 
1/50000 scale from Soil Conservation and Watershed 
Management Research Institute extracted from 
satellite images of Landsat and IRS. Moreover, daily 
hydro-climatologic data during 2004 to 2014 were 
obtained from Gilan Regional Water Authority and 
converted to required format for the model. In this 
study, the data extracted from Rasht synoptic station 
plus six rain-gage stations were used, including 
Chelebar, Astaneh, Sad Sangar, Shah shahidan, Shar-
e Bijar and Manjil (figure 2). Statistical period of the 
present study is from 2004 to 2014 in which one year 
was considered as setup, 7 years for calibration and 
the last 2 years for validation. 

 
Fig.2. right to left: land use map, digital elevation map (DEM), 

location of climatologic stations 
 

2.3. SWAT Processing 
At first the digital elevation model (DEM) was 
introduced to SWAT and then the channel network 
was developed. In next stage, the minimum area for 
generation of sub-basins (5000 acre) was determined 
by taking into account the software and hardware 
limitations. Location of Pol Astaneh hydrometric 
station was defined as outlet watershed and the 
boundary was created for the basin. In the following 
stages, land use map with 9 classes and soil map 
containing 6 classes were introduced to the model 
using special codes. Then the slope map with 4 
classes was created using DEM. SWAT requires 
rainfall and daily minimum, maximum temperature 
data. These data obtained from Chele bar, Sadsangar, 
Shah shahidan, Shahr-e Bijar and Manjil stations. 
Having introduced the required data and maps into 
the model and after overlaying the digital elevation, 
soil and land use maps into the software by assigning 
the different slopes, the given area was divided into 
33 sbu-basins and 58 HRU (figure 3). 

 
Fig.3. division of sub-basins 

 
III. RESULTS AND DISCUSSION 
 
The study area is divided into 23 sub-basins and 58 
URUs. As the effect of all uncertainties is reflected in 
the measured variable, P-factor is an appropriate 
index to measure analytical power of predicted 
uncertainty. At the end of calibration stage, the model 
is validated. Validation is similar to calibration in that 
simulated data are compared with reality in a time 
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series different from calibration period, except that in 
validation no correction is performed over 
parameters. Ultimately, it is validation that 
determines the reliability of calibrated model for its 
application in independent data and future intervals 
(figures 4&5). In this study, the observed data of 
monthly flow in cubic meter per second was 
calibrated for statistical period 2004-2012 and 
validate for period 2012-2014. The results are 
presented in table 1.  
 

 
Table 1- results of calibration and validation 

 

 
Fig.4.calibrating observed data of monthly flow with simulated 

data during 2004-2012 
 

 
Fig.5.validating observed data of monthly flow with simulated 

data during 2012-2014 
 
 
 

CONCLUSIONS 
 
In present study, for purpose of better management of 
water resources to estimate water balance parameters 
more accurately, the semi-distributed SWAT model 
and SUFI2 algorithm in SWAT CUP program were 
used in Astaneh – Kouchesfahan plain and the degree 
of recharge was estimated. For limitation of this study 
the following can be referred to: non-
representativeness of climatologic stations, low 
number of stations compared to vast area of the basin, 
missed values in climatologic statistics. Overall, 
despite limitations and lack of information, the results 
of discharge simulation in Astaneh plain are 
satisfactory and SWAT shows accurate results 
regarding degree of recharge considering all natural 
factors such as soil characteristics, topography, 
vegetation and management practices and land use. 
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