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ARTICLEINFO ABSTRACT

Keywords: In most developing countries soil georeferenced data is not yet
SWAT, available. The FAO prepared the global map through the
Hydrological Response, Coordinated Global Soil Database. The aim of this study was to
Global Soil Map, - . . . ) .
Calibration evaluate the required details of the regional map in comparison with

Optimization the soil global map of Talar watershed using the SWAT model. In
this model, climatic data of 2004-2017 were used to simulate
runoff. The first two years were used as model warm-up period,
2005-2015 for calibration and 2016-2017 for model validation.
Sensitivity and uncertainty analysis, was done in SWAT-CUP
software with the help of SUFI-2 algorithm. The evaluation of the
model was done using the coefficients of explanation (R?) and
Nash-Sutcliffe (NSE) statistics. The available soil water capacity
(SOL_AWC) parameter was determined as a sensitive parameter.
Before calibration, 32.7% (global) and 29.3% (regional)
precipitation was simulated as daily flow. After recalibration based
on the regional soil map (NSE=0.56 and R?=0.74) and global
(NSE=0.56 and R?=0.64) and in the verification stage according to
the regional soil map (NSE=0.59 and R?=0.76) and global
(NSE=0.62) and R?=0.75) was estimated. The results showed the
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Extended Abstract

Introduction

Due to the limitation of measurement
methods in flood control projects and the
need to have a method to generalize existing
statistics to basins without statistics or places
where  measurement is not  possible,
simulating changes in Future hydrology is
one of the main reasons for hydrological
simulation. Hydrologists and water resource
managers have widely used hydrological
models to simulate such changes in the past
decades. One of the hydrological models is
the Soil and Water Assessment Tools or
SWAT model, which was presented in the
United States to evaluate the effects of
conservation agriculture on hydrological
processes and water quality at the watershed
scale in 1998. In the SWAT model, the
watershed is divided into several sub-basins.
Using sub-basins in simulation is beneficial,
especially for areas with complex soil
characteristics and land use. Then these sub-
basins are divided into hydrological response
units  (HRUs) with the same soil
characteristics, land use and management.
One important and effective data in this
model is soil data and map. Soil data and its
related characteristics, including permeability
and water retention capacity, determine the
amount of runoff production. In most research
studies and practical plans, the lack of
appropriate  soil  information  prevents
researchers and decision-makers from using
hydrological models to determine sub-basins
sensitive to runoff production. While the
existence of soil information (global maps)
can make it possible to use hydrological
models in basins without measured soil data.
This information is such that due to the need
for exorbitant cost in stratification and
creation of soil profile, usually most areas of
the country lack regional soil data, and the
need to use the global soil map becomes
necessary in such areas. Since this research
compares two maps in two different scales for
the first time, the main goal of this research is
to prepare global and regional soil maps for
the Talar watershed of Mazandaran province
as one of the most effective SWAT model
inputs, the accuracy of this model with two
different inputs from soil maps will also be
checked in predicting the runoff flow.

Methodology

The first step to implement the SWAT
model is to create hydrological response
units (HRUs), which form the basis of the
work in this study and the Talar watershed
as one of the essential sub-basins of the
Mazandaran Sea. HRUs are produced by
integrating the map of sub-areas created in
the study area (through DEM map), soil
map, land use and slope. Finally, based on
the input maps to the model, 14 sub-basins
and 45 hydrological response units (HRUs)
were produced in the study area. According
to the input data type (minimum and
maximum temperature information), the
Hargreaves method was used to estimate
daily reference evaporation-transpiration
when the data of sunshine hours, relative
humidity and wind speed were unavailable.
In the simulation, the observational data of
2005-2015 were used for calibration and
2016-2017 for model validation. In order to
adapt the model to the existing
environmental conditions in the region, the
first two years of simulation (2004-2005)
were considered to warm up the model.
After the calibration, the model's accuracy
was measured using the obtained
parameters and the observed values that
were not used in the calibration stage. In
case of acceptable simulation, the model
will be ready for use. In order to evaluate
the efficiency and accuracy of the SWAT
model, two coefficients of determination
(R2) and Nash-Sutcliffe coefficient of
efficiency (NSE) were used. According to
the research based on soil maps, firstly, a
global soil map was prepared according to
the global raster map, and after analysis in
GIS, the soil type of the area was
determined and entered into the SWAT
database. On the other hand, having the
data and soil layers of the region, a regional
soil map was prepared, and this map was
prepared for entering the SWAT model.
After preparing the soil maps (global and
regional), the model was implemented
twice (the first time by entering the global
soil map and the second time by entering
the regional soil map). Then, after
implementation with two different projects,
the outputs of the model were extracted and
compared with each other. Finally, to check
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the model's accuracy using the above maps'
inflow forecasting, it was calibrated and
verified through SWAT-CUP.

Results and Discussion

At first, by running the model in two
simulation modes (based on the regional
and global soil map) in the GIS
environment, the Talar watershed was
divided into 14 sub-basins and 45
hydrological response units. The results
showed that approximately 29.3% of the
basin's precipitation and 32.7% of it were
lost as base flow or surface flow,
respectively, in the global and regional soil
maps. Therefore, in these two cases, the
simulation resulted in the lowest amount of
surface runoff (in the soil map of the
region) and the highest amount of
evaporation-transpiration (in the global soil
map). By analyzing the general sensitivity
of the desired parameters, the available soil
water capacity parameter (SOL_AWC) was
determined as the most sensitive parameter.
After the recalibration of the model based
on the regional soil map (NSE=0.56 and
R?=0.74) and global (NSE=0.56 and
R?=0.64) and in the verification stage also
according to the regional soil map
(NSE=0.59 and R?=0.76) and global (NSE=
0.62 and R? = 0.75) were estimated. Also,
the simulated flow (surface and base flow)
decreased after recalibrating the model.
Evaporation-transpiration and feeding to
the deep aquifer increased due to the
reduction of capillary rise from the shallow
aquifer and the reduction of the minimum
amount of water storage required in the
aquifer for the base flow event. Despite
improving the model's performance in Talar
watershed during calibration and validation
using the regional soil map, the simulated
discharge at the outlet was higher than the
observed discharge. So, in the calibration
period, compared to the validation period,
the model predicted the peak discharge
much better. Using the global soil map, the
model  overestimated the discharge
compared to the regional soil map.
Therefore, the global soil map showed less
accuracy than the regional soil map in the
SWAT model, and the results of this
research also showed that using soil

information with good resolution can
improve flow prediction.

Conclusions

In this study, we used soil information from
regional and global soil maps to evaluate
the effect of soil data representation and
spatial variability. Flow forecasting was
done in basin hydrology simulation using
the SWAT hydrological model. Before
calibrating the model, other water balance
components  decreased compared to
calibrating period except for
evapotranspiration. There is no significant
difference  between the coefficients
obtained in the calibration and validation
periods of the model. Therefore, the
obtained coefficients show the model's
efficiency in the direction of runoff
simulation in Talar watershed. The results
indicate that the use of regional soil
information with more spatial details does
not significantly affect flow prediction, and
global soil information in the form of a
global map can be used if this information
is unavailable. The additional information
provided in the regional soil map, although
it can change the optimized parameters in
the model, does not affect the watershed
discharge. Our simulation results showed
the effect of the global soil map used on
flow forecasting for Talar watershed, and
good resolution soil information (such as
regional soil map) can also improve flow
forecasting.
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1. Hydrologic Response Units
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