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Investigation of the Effect of Modified Snow
Model on Parameters and the Snowmelt
Improving Runoff Simulation by the SWAT
Model in Zarrineh-rud River Basin
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Abstract

Monitoring snow cover and estimating the resulting snowmelt
runoff in mountain areas is highly important. There are mainly
two approaches to improve the performance of snowmelt
runoff in rainfall-runoff models; improving the snow
parameters through observations and modifying the snowmelt
module. This study investigates the impact of these approaches
on the accuracy of snowmelt runoff using the SWAT model in
the mountain basin of Zarineh-rud River, northwest of Iran.
Firstly, the snow parameters of SWAT were extracted through
the MODIS daily snow cover products and the in-situ snow
depth data and were replaced in the model. Secondly, the
UBCWM energy balance model was substituted for the
original SWAT snowmelt module, which was based on the
degree-day method. Results showed that the baseline SWAT
model underestimates the runoff at the upstream and
downstream hydrometric stations. However, the performance
of the model with the modified snow parameters improves at
the two stations by 6% and 14% for Nash—Sutcliffe Efficiency
(NSE) and 35% and 14% for Kling-Gupta Efficiency (KGE),
respectively. On the contrary, using UBCWM in SWAT gives
weaker simulations for runoffs at the two stations due to
underestimating the peaks and overestimating the snowmelt
duration. This study's findings can help achieving more
accurate runoff estimations in mountain basins, especially
during peak runoffs.

Keywords: Rainfall-Runoff Model, Snow Cover Area,
UBCWM Energy Balance Model, Snow Depletion Curve
(SDC).
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Fig. 2- Schematic of a snow depletion curve in the SWAT model (Neitsch et al., 2005)
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Table 1- Data used to setup the SWAT model to simulate runoff in the Zarrineh-rud River Basin
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Data

Description

Source

Digital elevation model*2

ASTER digital elevation model
(DEM) with a resolution of 30 m.

https://earthexplorer.usgs.gov/

Land Use map 2007

with a resolution of 1000 m.

The Iranian Ministry of Jahade-
Agriculture (MOJA)

Soil map

FAO’s global soil map st 1 km
spatial resolution.

http://www.fao.org/soils-portal/en/

Meteorological data

daily precipitation, maximum and
minimum  temperature for  six
synoptic stations that are located in
the study area

Iranian Meteorological organization

Streamflow gauging data at Safakhaneh and Nezamabad Iran water resources management
hydrometric stations company

Snow depth data at MOE snow stations Iran water resources management
company

Irrigation schedule

Monthly irrigation demands based
on crop pattern

Ahmadzadeh et al. (2016)

Dam operation data

Daily releases

Iran  water
company

resources management
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Table 2- State matrix used for snow cover monitoring
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Table 3- Snow cover areas and corresponding minimum snow depths in the Zarrineh-rud River Basin
W (65031l (g9, 13 39,4k )5 Adgs Bos Jlas g By phaww (g p23lie =Y g

Date Snow covzer Fraction areal Minimum snow Fraction of SNO100
area(km?) coverage depth content(cm)
12-Jan-2007 11317 0.91 19" 1.00
13-Feb-2007 8256 0.66 8.1 0.43
7-Mar-2007 3586 0.29 135 0.71
8-Jan-2008 3457 0.27 13.7 0.72
12-Mar-2008 201 0.01 15.2 0.8
18-Feb-2009 4031 0.32 3.7 0.19
7-Mar-2009 1874 0.15 6.2 0.33
16-Apr-2009 1415 0.11 0.3 0.02
19-Jan-2010 349 0.02 0.4 0.02
7-Feb-2010 7201 0.58 2.8 0.15
9-Mar-2010 288 0.02 5.8 0.31
9-Jan-2011 6266 0.50 15.6 0.82
9-Feb-2011 7590 0.61 5.7 0.30
10-Jan-2012 7662 0.62 55 0.29
5-Feb-2012 8503 0.68 115 0.61
15-Jan-2013 10107 0.81 17.7 0.93
4-Feb-2013 6050 0.48 8.4 0.44
8-Mar-2013 3038 0.24 3.1 0.16
*SNO100: SNO100 is the threshold depth of snow at maximum coverage
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Fig. 3- Snow cover (a) and snow depth (b) maps of the Zarrineh-rud River Basin in 13 February of 2007
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Fig. 4- Snow depletion curve of the Zarrineh-rud River Basin (2007-2013)
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Table 4- Sensitivity analysis of the SWAT parameters for simulating the Zarrineh-rud River Basin
29)41 )5 3 il wbg (55 wamud 51y SWAT Jao (51 ol Copwrliws Jalosi —F Jguo

Parameter Description Inl.tlal range Optimal value
min max
R__CN2.mgt Curve number for moisture condition |1 -0.5 0.5 0.05
Fraction of snow volume represented by
V__SNO50COV.bsn SNOCOVMX that corresponds to 50% 0 1 0.43
snow cover
A GWQMN.gw Thrgshold dt_apth of water in the shallow 0 5000 1502
aquifer required for return flow to occur
V__SFTMP.bsn Snowmelt temperature -5 5 2.52
V__ALPHA BF.gw Baseflow alpha factor 0 1 0.55
R__SOL_BD.sol Soil bulk density -0.8 0.8 0.54
A__GW_DELAY.gw  Groundwater delay time 1 500 196.39
V__SMFMX.bsn Melt factor for snow on 21 June 0 10 4.28
R__HRU_SLP.hru Average slope steepness -0.8 0.8 -0.45
V__SLSUBBSN.hru Average slope length 10 150 141.94
R__SOL_AWC.sol Soil available water storage capacity 0 1 0.06
R__SOL_K:.sol Soil hydraulic conductivity -0.25 0.25 0.20
V__SMFMN.bsn Melt factor for snow on 21 December 0 10 0.91
V__SURLAG.bsn Surface runoff lag coefficient 0.05 24 21.73
V__GW_REVAP.gw Groundwater “revap” coefficient 0.02 0.2 0.15
R__REVAPMN.gw Threshold water in shallow aquifer 0 500 22.90
V__CH_K2.rte Main channel conductivity 0 500 395.89
Minimum snow water content
V_SNOCOVMX.bsn  ¢orresponds to 100% snow cover, SNO100 0 500 211.75
V__CH_N2.rte Manning’s n value for the main channel 0.01 0.3 0.23
V__CANMX:.hru Maximum canopy storage 0 100 5.26
V__SMTMP.bsn Snowmelt base temperature -5 5 4.60
V__TIMP.bsn Snow pack temperature lag factor 0 1 0.37
V__OV_N.hru Manning’s n value for the main channel 0.01 300 21.76
V__ESCO.bsn Soil evaporation compensation factor 0.01 1 0.97
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Fig. 5- Comparison of the simulated and observed runoff and uncertainty band at the Nezamabad station
during calibration and validation period in the base SWAT model
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Fig. 6- Comparison of simulated and observed runoff values uncertainty band at the Safakhaneh station
during calibration and validation period in the base SWAT model
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Table 5- Comparison of the performance of the base SWAT model with the two modified models based on
the snow parameters at the Nezamabad station

blgi,aué.? LI LIVe) R - IO &b ol )b wlw! X ool oo ULSWAT b Juwe Lg)loi &6 s lie -0 Jguo

Statistical period Station Models Performance measures
name KGE R? NSE
Base model 0.40 0.82 0.75
Nezamabad  Modified model 0.63 0.72 0.69
I Modified model (UBCWM) 0.46 0.62 0.54
Calibration (2000-2006) Base model 075 0.73 0.73
Safakhaneh  Modified model 0.88 0.83 0.82
Modified model (UBCWM) 0.18 0.37 0.29
Base model 0.48 0.83 0.71
Nezamabad  Modified model 0.54 0.86 0.81
Validation (2007_2010) Modified model (UBCWM) 0.17 0.30 0.25
Base model 0.82 0.88 0.87
Safakhaneh  Modified model 0.95 0.92 0.92
Modified model (UBCWM) 0.47 0.46 0.42
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. 7- Comparison of the observed and simulated runoffs using the base and modified SWAT models at

the Safakhaneh station
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Fig. 8- Comparison of the observed and simulated runoffs using the base and modified SWAT models at
the Safakhaneh station
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1- Snow Runoff Model

2- Utah Energy Balance Model

3- Nash-Sutcliffe Efficiency Criterion

4- Snow Temperature Model

5- South Saskatchewan River Basin

6- Lumped

7- University of British Colombia Watershed Model
8- Hydrologic Response Unit

9- Areal Depletion Curve

10- Soil and Water Assessment Tool Calibration and
Uncertainty Programs

11- Sequential Uncertainty Fitting Version 2

12- DEM

13- False Alarm Rates

14- Critical Success Index

15- Nash-Sutcliffe

16- Kling-Gupta
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