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Abstract

River discharge modeling is one the fundamental challenges of
researchers and engineers over the past decades. Although
using hydrological models is one of the best ways, but the lack
of observed flow datasets for calibration of these models
restricts the applicability of them in most catchments,
especially in ungauged river basins. On the other hand, due to
increasing satellite-based technologies over the past years,
several remotely sensed datasets such as precipitation,
temperature and surface soil moisture have been developed and
because of having different spatiotemporal resolutions are
interested by most researchers. This study addresses the
efficiency of ASCAT surface soil moisture (SSM) for
calibration of VIC-3L hydrologic model over the Sefidrood
river basin (SRB). Findings on daily time scale indicate that
the correlation coefficient (CC) between observed and
simulated streamflow, using ASCAT dataset, is equal to 0.75,
while in the case of calibration of the VIC-3L model using only
with hydrometric station datasets the CC value is equal to 0.80.
Moreover, at monthly time scale the performance of model in
simulating streamflow is better than daily time scale. The
relative error (RE) in simulating runoff volume at daily and
monthly time scale is 17.2% and 38.5%, respectively and this
shows that using ASCAT dataset at monthly time scale leads
to reliable results. In addition, one the advantages of model
calibration using satellite-based SSm is the extraction of the
spatial pattern of model parameters over the catchment, while
in the case of using observed discharge dataset for calibration
of the model only leads to the constant values of model’s
parameter through the catchment. Based on the results of this
research it highly recommended to use satellite-based SSMs
for calibration of hydrological model, especially in data limited
areas or regions in which ground observations are sparsely-
distributed or insufficient.
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Table 1- Parameters of VIC-3L model and the range of their variations
oy ol s diold gVIC-3L Juto [ Sriwnrly (sl el )by =Y Jgun

Parameter Definition Range of Variation

Dint The shape of the variable infiltration capacity curve 0.01-0.4
Ds The fraction of Dsmax where nonlinear base flow occurs 0.01-1

Dsmax The maximum base flow velocity from the lowest soil layer (mm/day) 0.01-30
W The fraction of the maximum soil moisture of the lowest soil layer 0.01-1

where nonlinear base flow occurs

C Power used in base discharge curve 0.01-2
d; The thickness of the second soil layer (m) 0.1-2.5
ds The thickness of the third soil layer (m) 0.1-15
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Fig. 2- Overview of the processing steps in WARP for estimation of soil moisture
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Table 2- The statistical indexes which are used in this study
iRy opl 55 a3liiuw] 390 (5,0l B HaA LS -Y Jous

Statistical Index Formula
n — —
Z (Qobs - Qobs )(Qsim - Qsim )
Correlation Coefficient CC=—= = — —
Z(Qobs _Qobs) (Qsim _Qsim)
i=1 i=1

Nash-Sutcliffe

Root Mean Square Error

Z (Qobs - (?sim)2
NS=1--

Z (Qubs - 6obs)2

1¢
RMSE = HZ(Qobs _Qsim)z

Blge (8 3boend ol Lawgie :Q

sim
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Table 3- Calibrated parameters of VIC-3L model in scenarios 1 and 3
¥ o) g, lw dVIC-3L Jaw sawi (Seuwly (s ol )b -Y Jgus

H Dsmax .
Number of scenario d3z (m) d, (m) C W (mm/day) D, bins
Scenario 1 1.36 0.69 2.00 0.68 29.7 087 0.12
Scenario 3 0.73 0.67 112 0.68 8.0 0.52 0.07
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Fig. 3- Spatial distribution of calibrated parameters of VIC-3L model (Scenario 2)
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Fig. 5- Scatter plot of observed and simulated runoff at different scenarios
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Table 4- The percentage error of model in
estimation of high flows and runoff volume at
different scenarios (Daily time scale)
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Average Relative Error

Number of scenario

Q_peak Volume runoff
Scenario 1 57.7 3.25
Scenario 2 53.1 38.47
Scenario 3 60.0 25.62
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Table 5- Statistics indexes of different scenarios (Monthly time scale)
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Number of scenario Scenario 1 Scenario 2 Scenario 3
NSE 0.79 0.65 0.62
RMSE (cms) 57.11 63.68 62.42
CcC 0.92 0.85 0.82

= Runoff Volume
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Fig. 8- The percentage error of model in estimation of high flows and runoff volume at different optimization
scenarios (At monthly time scale)
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1- Surface Soil Moisture

2- Soil Wetness Index

3- Generalized Likelihood Uncertainty Estimation
4- Technology University of Wien

5- Change Detection Method (CMD)

6- Soil Water Retrieval Package
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