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Figure 1. Study area in Semnan and Iran and synoptic stations in the study watershed Damghanrood
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Table 1. Data required and their specifications in the implementation of the SWAT model

Type data Scale Source Description
Digital elevation 90 Meter Extracted_ from i
model topographic map

Land use map 1:25000Meter

Country Surveying
Organization in 1997

It was reviewed by Semnan
Natural Resources Department
using field studies.

International Soil

Some physical and chemical
properties along with soil groups

Soil map 1 Kilometer Reference and Information ° .
Center (ISRIC) in the global soil map used in the
SWAT model
5 rain gauge Regional Meteorological Minimum and maximum daily
Climatic data stations and one  and Water Organization of

synoptic station

Semnan Province

rainfall and temperature

Continued daily

Observed runoff for 11 years

Semnan Regional Water
Organization

2008-2018
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Table 2. Some physical and chemical properties along with soil groups in the global soil map used in the
SWAT model (Soil texture, L: Loam, CL: Clay loam, C: Clay)

Saturated . .

. Depth . Water : Organic Soil bulk
subor_der Soil of soil soil available Alb_e (.jo hydrau_llp carbon density
of Soil code texture 1 coefficient  conductivity N %

(cm) (mm mm™) (mm h?) (%) (gr cm™)
B 0-30 L 0.16 0.086 7.26 0.9 1.3
Xerdolls
30-100 L 0.16 0.086 12.24 0.6 1.2
A 0-30 L 0.122 0.11 4.45 0.8 1.4
Orthents
30-100 L 0.12 0.11 2.48 0.4 15
C 0-30 CL 0.16 0.1 12.26 0.8 1.2
Xerepts 30-100 L 0.16 0.1 12.37 0.5 1.2
D 0-30 L 0.122 0.15 4.49 0.6 1.4
Ustepts
30-100 L 0.122 0.15 2.98 0.4 15
E 0-30 CL 0.128 0.18 1.56 0.5 1.6
Gypsids
30-100 C 0.128 0.18 4,75 0.3 1.4
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Figure 2. Soil code (A) and land use code (B) of Damghanrood basin for sing in SWAT
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Table 3. Results of efficiency coefficients in the calibration and validation period

Statistical indicators Calibration Validation
Nash Sutcliffe coefficient (NS) 0.47 0.45
correlation coefficient (R?) 0.48 0.46
Average precipitation(mm) 150 130
Standard deviation runoff (m3 s) 0.21 0.14
Standard deviation precipitation(mm) 121 10.72
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Figure 4. Observed and simulated monthly runoff values with simultaneous precipitation during
calibration period
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Table 4. Runoff-sensitive parameters based on upper and lower limit values, t-stat, p-value and
values, based on monthly time after calibration optimal

Optima ... Upper ’ - L
Row Parameter | values Lower limit limit p-value stat Description
- Curve number for medium
1 r__CN2.mgt* 0.42 -0.5 0.5 0.0000025 755 humidity conditions
2 r_SLSUBBSN.hru* 145 10 150 0020 229  Average ;fé‘géh of land
- ) Manning sub-factor for
3 r__ CH_N2.rte 1.1 0.5 0.5 0.13 1.55 the main channel
i Hydraulic conductivity of
4 r_ SOL_K.sol* 0.66 -0.5 05 0.15 144 soil saturation (Mm per
' hour)
- Soil depth from surface to
* -
5 r__SOL_Z.sol 1.48 0.5 0.5 0.18 136 bottom layer (mm)
- Alpha parameter in
* Nids
6 v__ALPHA_BF.gw / 0 1 0.25 117 recursive flow
Infiltration coefficient for
7 v_GW REVAPgw  0.15 0 0.2 0.34 - deep groundwater aquifer
0.96 or capillary ascent from
shallow aquifer
- Average available water
8 r__SOL_AWC.sol -0.12 -0.5 0.5 0.34 0.96 (mm)
9 r_SOL_zZMxXsol ~ -06  -05 05 0.34 -, Maximum rooting depth
0.95 in soil profile (mm)
10 r_SOL_BD.sol 074 05 05 041 og2 ool b“”égg;s“y (or/
Percentage of feeding
- deep tablecloths from
1 vV_RCHRG_DP.gw 0.72 0 1 0.45 0.75 shallow or unenclosed
tablecloths
Effective hydraulic
- conductivity of the
2 v_CH K2re 133 0 500 0.45 0.75 substrate in the main

channel(Mm per hour))

The minimum amount of
water storage in a shallow
aquifer that is required to
13 v__REVAPMN.gw 43 0 500 0.49 0.69 start evaporating
groundwater through
capillary or deep aquifer
feeding(Mm of water)

Delay time for aquifer

14 v__GW_DELAY.gw 270 0 500 0.63 0.48 feeding (days)
- Reflection coefficient
15 r__SOL_ALB.sol 0.12 0 0.25 0.67 042 (albido) of et soil
16 v__OV_N.hru 29 0 30 0.69 0.4  Manning coefficient for
— - ground flow
17 v__EPCO.hru 092 001 1 0.8 0.5  Compensation of water
— absorption by the plant
18 v__SURLAG.bsn 7.8 1 24 0.82 : Surface runoff delay
— 0.22 cofficient
19 v__ESCO.hru 0.54 0 1 0.82 - Compensation agent for
— 0.21 soil evaporation
Minimum depth of water
20 v__ GWQMN.gw 2353 0 5000 0.84 0.19  table required in shallow

aquifers return flow (mm)

ol (00 0018 oo +1) 0 pal)l 05350 polie (48,5 Cpo e [ g oas 0dls Jlade b yiel)l 99350 polie Sl cxe a V
V means to replace the existing values of the parameter with the given value and r means to multiply the existing values of
the parameter by (+1 given value
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Table 5. Area and percentage of participation of runoff sub-basins of Damghanrood watershed resulting from

SWAT model
Percentage of Number Percentage of
Number of  (km?)  participation of  runoff of Area participation runoff
subbasin Area sub-basin in Class . (km?)  of sub-basin in Class
subbasin
runoff runoff
1 71.23 0.006 1 7 88.31 1.7 4
2 83.37 0.05 3 8 137.53 0.7 4
3 162.61 1.21 4 9 56.77 0.05 3
4 149.20 8.24 5 10 173.78 0.04 3
5 158.57 80.9 6 11 98.08 0.005 1
6 99.11 12.2 4 12 108.37 0.0021 2
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Figure 7. Prioritization of the basin based on runoff generation
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Abstract

In semi-arid area the dangerous floods are usually generation by runoff. Therefore, spatial
analysis of runoff is necessary for crisis management. Hydrological models are useful tools for
simulation of water cycle-related processes and predict future events. Among the hydrological
models, SWAT is one of the most popular of these models which the soil map and information
are one the most important input data in SWAT model. On the other hand, the qualitative and
quantitative soil maps are not available in most of the watershed in Iran. The main purpose of
this study was to determine the spatial analysis of runoff generation using global soil data and
using SWAT model in Damghanrood watershed in Semnan province. For this purpose, climatic
data from 2008 to 2018 were used to simulate runoff. The data from 2010 to 2014 was used for
model calibration and data from 2015 to 2018 was used for model validation. Sensitivity analysis,
calibration, validation and model uncertainty were performed in SWAT-CUP software using
SUFI-2 algorithm. The model was evaluated with coefficients of determination (R?) and Nash
Sutcliffe (NS) statistics. The parameters of curve number, mean slope length, manning channel
roughness coefficient and saturated soil hydraulic conductivity were determined as more
sensitive parameters. The values of the R? and NS statistics were 0.48, 0.47 for the model
calibration stage and 0.46 and 0.45 for the validation stage, respectively. The results showed that
the performance of the model in runoff simulation with global soil data was acceptable. Spatial
analysis of runoff was performed using the average weight of runoff per unit area. The results of
spatial analysis of runoff showed that the most important sub-basins in runoff generation was
sub-basin number 5 and the least important sub-basins were number 1 and 11. Results indicated
that sub-basin location and land use were most effective variables in runoff prioritization. SWAT
model divide the watershed into the homogeneous units, therefore, it is possible to determine
the critical areas of runoff generation.
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