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Fig. 1- Figure 1: Location of the Qareh-Sou Watershed\a‘Natlo cale
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ysiographic and Climatic Characteristics of the Qarasu Watershed

Unit Value Characteristic
km? 5.534 Watershed area
T™ 30m) m 1.180-3.346 Elevation range
’D M analysis m 2.100 Mean elevation
DEM analysis % 18.5 Mean slope
GIS analysis km 147 Main channel length
GIS analysis km/km? 24 Drainage density
Meteorological data mm 450 Mean annual precipitation
Meteorological data mm 300-800 Precipitation range
Meteorological data °C 13.5 Mean annual temperature
Meteorological data mm 1.650 Mean annual l?otential
evaporation
Hydrometric data m3/s 8.2 Mean annual discharge
Hydrological analysis - 0.21 Runoff coefficient
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Land use map - Rangeland Dominant land use
Soil map - Silty loam Dominant soil type
Hydrological analysis — Snow-rainfall Hydrological regime

g 8 Sl 0595 43 Bl cwliniled g (g piog yiad (S| Clasuive Y Jou
Table. 2- Characteristics of Hydrometric and Meteorological Stations Located within the Qarasu Watershed

. Latitude Longitude .

Elevation (m) N) CE) Type Station

1500 34.3167 47.0667 Hydrometric (basin outlet) ~ Qorbaghestan

1320 34.3142 47.0650 Synoptic (urban) Kerman

1360 34.7167 46.6667 Synoptic / Rain gauge Ravansar

1380 ~34.48 ~47.66 Synoptic / Climate hy

1380 ~34.51 ~46.61 Synoptic / Local uzr

1600 ~34.28 ~46.23 Synoptic / Re end-e Gharb

1520 ~34.33 ~46.41 Synoptic / Loca Gahvareh

1494 ~35.50 ~46.33 Synoptic Paveh

. . Eslamabad-e
1335 ~34.113 ~46.53 Synoptic / R 10n2“ Gharb
1000 ~34.14 ~45.92 Syhoptic / Adjace Gilan-e Gharb
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e. 3- Summary of ECMWF Data Evaluation Based on Synoptic Stations
NSE RMSE R? Parameter

3 0.65 2.44 mm 0.78-0.85 Daily precipitation
0.73 13.66 mm 0.78-0.85 Monthly precipitation
>0.80 1.5-2.2°C 0.92-0.95 Minimum temperature
>0.80 2.1-2.8°C 0.89-0.93 Maximum temperature

1 Baseflow
2 Arno formulation
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1 Variable infiltration curve parameter
2 fraction of the Dsmax parameter

3 Fraction of maximum soil moisture
4 thickness of each soil moisture layer
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Table. 4- The results of the model evaluation by Using Various Statistical Indices
RSR  PBIAS % NSE log NSE R? End Date  Start Date Phase
0.52 -8.2 0.68 0.73 0.75  9/30/2008 1/1/2003 Calibration
0.51 -5.4 0.71 0.74 0.72 1/1/2003 1/1/1993 Validation
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Table. 5- Compari
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VIC-3L Model Performance in This Study with Similar Studies in Semi-Arid Basins

\ “NSE RMSE Climate Region Study
S 35 Sl S0 prent sty
165-0.79 0.68-0.82 Various Basins in China Gou et al. (2020)
0.60-0.76 0.62-0.78 Semi-arid Basins in Chile  Melsen et al. (2022)
0.69 0.71 Semi-humid Chalus, Iran Azizian et al. (2017)
0.66 0.68 Semi-humid Sefid-Rud, Iran ~ Shafiei et al. (2021)
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Table. 6- Optimized Parameters of the VIC-3L and Route ModelsNﬂlg the ibration Phase

Rationale for Range Selection Optimal Variation Parameter
Value Range -
Liang et al. (1996); Gou etal. (2020) ~ 0.027  0.4-0.00001 \ Pt Infiltration curve
. coefficient
VIC model documentation; Melsen et 0.535 1 DsiSubsurface flow coefficient
al. (2022)
Franchini & Pacciani (1991); Azizian et Dm: Maximum subsurface
3.357
al. (2017) flow
VIC model documentation; Shafiei et Ws: Soil moisture fraction
0.817
al. (2021) b (upper layer)
HWSD data; field survey " 03 \ 0.1-2.5m D1: Thickness of the first soil
layer
HWSD data; field survey S 0.1-2.5m D2: Thlcknf:ss of the second
soil layer
HWSD data: fiel sﬂr‘ve 021 01-2.5m D3: Thickness of the third soil
w layer
- 25 1-3 m/s Wave speed (m/s)
— \ 675 200—400 m?*/s Distribution coefficient (m?/s)
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Table. 7- Sensitivity coefficient of individual parameters on simulated streamflow

Rel.a T“fe Parameter Name
sensitivity
0.95 Variable infiltration curve parameter (b_infilt)
0.91 Maximum baseflow parameter (Dsmax or Dm)
0.85 Fraction of maximum soil moisture (Ws)
0.85 Thickness of each soil layer (d1, d2, and d3)
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0.73 Saturated hydraulic conductivity (Ksat)
0.71 Vegetation attenuation factor (rad_atten)
0.71 Initial soil moisture content (MOIST)
0.68 Soil bubble pressure (BUBBLE
0.65 Fraction of soil moisture at the critical threshold
0.65 Residual soil moisture content
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Figure. 4- Effect of the variable infiltration curve parameter (b_infilt) on the daily streamflow hydrograph
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Multi-Regime Sensitivity Analysis of the VIC-3L Hydrological Model Using an OAT
Approach in the Qareh-Sou Mountainous Watershed

Abstract

Semi-distributed hydrological models that incorporate three-layer soil structures with explicit representation of
evapotranspiration, infiltration, and surface runoff processes demonstrate considerable capability for watershed-scale
hydrological simulation. This study evaluates the performance of the Variable Infiltration Capacity model (VIC-3L)
in simulating daily streamflow and water balance components for the Qareh-Sou mountainou§Pwatershed in
Kermanshah Province, Iran (drainage area: 5,534 km?), characterized by semi-arid climatg and corthple ography.
The assessment utilized hydrometeorological observations from 1993 to 2008, with streamflow ingp formed
using the Route model. u

Model evaluation yielded a coefficient of determination (R?) and Nash-Sutcli
respectively, during calibration, and 0.72 and 0.74 during validation, indicating satigfac accuracy in reproducing
observed daily hydrographs. To identify influential parameters, sensitivity analysi conducted using the one-at-
a-time (OAT) approach in both pre-calibration and post-calibration phases. Of the 30 parameters examined, 11 were
identified as sensitive, including the variable infiltration curve parameter, s face) flow coefficient, maximum
baseflow parameter, soil moisture fraction, and soil layer depths. Resu ed that parameters controlling
subsurface soil behavior exerted the greatest influence (sensiffvity ratios: —0.95) on runoff generation and
baseflow simulation.

SE) of 0.75 and 0.73,

oles across three distinct flow regimes: minimum
(baseflow), mean, and maximum (peak flow). The seco ayer depth emerged as the most sensitive structural
parameter across all three flow regimes. HoWever, for ate baseflow simulation, the soil moisture fraction and
second layer depth proved most critical, wherea§’peak flow reproduction was governed primarily by the infiltration
curve parameter and subsurface flow coefficient. s multi-regime approach enables targeted calibration based on
specific management objectives i@d reduces un inty in future hydrological predictions.

The key innovation of this research lies in differentiating Earame

|
Keywords: VIC-3L model; si analysiy; "hydrological parameters; surface runoff; baseflow; Qareh-Sou

watershed
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