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Abstract

This study examines the possible problem in the rainfall-runoff analysis process using the VIC (Variable
Infiltration Capacity) model caused by using the effective soil depth instead of the soil depth. The parameters of the
model are determined as follows. First, parameters that can be determined using available numerical information are
fixed. For parameters related to direct runoff and base runoff, the recommended values of the VIC model are applied.
In the case of soil depth, four cases are considered: (1) the effective soil depth is applied as the soil depth, (2) 1.5
times of the effective soil depth is applied as the soil depth by reflecting the vertical structure of the soil layer, (3) 1.25
times of the effective soil depth, and (4) 2.0 times of the effective soil depth as alternative soil depths. This study
simulates the rainfall-runoff for the period from 1983 to 2020 targeting the Chungju Dam and Soyang River Dam
basins of the Han River system. As a result of the study, it is confirmed that when the effective soil depth is applied
instead of the soil depth, direct runoff and baseflow have opposite effects, and direct runoff increases by more than
3% while base runoff decreases by the same scale. In addition, the most influential factor in the estimation of the
effective soil depth in the Chungju Dam and Soyanggang Dam basins is found to be the proportion of rock outcrop
area. The difference between the direct runoff ratio and the base runoff ratio in the two basins is conformed
significantly different due to the influence of the rock outcrop area.
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Fig. 1. Structure of VIC model’s water budget model (Son et al.,
2012)
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Table 1. Soil parameters of the VIC model

Parameter Description
K., Saturated hydraulic conductivity
exp Exponent of Corey’s equation

Yl Bulk density of soil

W, Soil moisture at critical point

w,,, Soil moisture at wilting point

D. Fraction of D,

£ S,max

at non-linear base flow

D, . | Maximum velocity of base flow
b; Parameter for variable infiltration curve
z Depth of soil layer
HEE ge2 A F2AL0,), AL 71EARr,),
WA F LAL SHE, RGLSO] 3ith ol52 357
L& VIC RYA e ABE52] STt e Hu
59 vehict
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Table 2. Vegetation library parameters of the VIC model

Parameter Description
T, Architectural resistance of vegetation type
Tw Stomatal resistance of vegetation type
LAI  |Leaf-area index
Albedo | Shortwave albedo of vegetation type
RCL Minimum incoming shortwave radiation for
transpiration

Table 3. Vegetation parameters of the VIC model

Parameter Description
Nveg Number of vegetation tiles in a grid cell
Vegclass | Vegetation class identification number
cv Fraction of grid cell covered by vegetation tile

root_depth | Root zone thickness

root_fract |Fraction of root in a root zone

fetch Average fetch distance
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Fig. 2. Location of the two target basins in this study

Table 4. Land cover data collected for estimating the vegetation parameters

Source Resolution Observation year Data coverage
NASA 1°x1° 1983 1981-1990
UMD 0.083°x0.083° 1994 1991-2000
NASA 0.017°x0.017° 2003 2001-2005
GLCNMO 0.083°x0.083° 2008 2006-2010
NASA 0.017°x0.017° 2013 2011-2015
NASA 0.017°x0.017° 2018 2016-2020

Table 5. Effective soil depths determined for the Chungju Dam basin and Soyanggang Dam basin with and without considering the
rock outcrop

o Representative Rock outcrop area considered Rock outcrop area neglected
No Description - -
value (m) Chungju Soyanggang Chungju Soyanggang
1 Very deep 1.50 0.2% 0.5% 0.3% 0.7%
2 Deep ~ Very deep 1.25 0.9% 0.6% 1.0% 0.8%
3 Deep 1.00 6.2% 3.2% 6.8% 4.2%
4 Moderately deep ~ Deep 0.875 1.5% 2.3% 1.7% 3.1%
5 Moderately deep 0.75 17.5% 10.3% 19.1% 13.7%
6 Shallow ~ Moderately deep 0.55 0.9% 10.1% 1.0% 13.4%
7 Shallow 0.35 62.8% 47.4% 68.5% 63.1%
8 Very shallow 0.10 1.5% 0.8% 1.7% 1.0%
49 Rock outcrop 0.00 8.3% 24.9% - -
Total 100% 100% 100% 100%
Determined effective soil depth 0.45 m 0.37 m 0.49 m 0.49 m
of Qlof, I diFEgs ‘HE T3 tEZY F H A=< 24.9%°] FHr=EA7F LA . ol YHE=EFAC]
150 ecmz 7Hgstt. 7t & A7) didrdel S+ EAE 00z dteo] 49 99 E4o] S59
4 fodole 8.3%9 dM=EA7L 2¢HHE FHd= o] B4 Hls) s AA FAE[US. =, F K99
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9ol A4 AR w5 AT e, oo £ AL
NASA®] The MODIS TerratAqua Combined Land
Cover product % Land Cover Type Yearly L3 Global
500m (MCD12Q1) #p2e] A B8r]%g 216k of
2 VIC B9 A4 Besz} XA A, o] TAoA
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Table 6. Relative portions of vegetation covers determined for the two target basins in this study
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Parameter Chungju Dam basin Soyanggang Dam basin
Nveg 6 6
Vegclass cv Vegclass cVv
4 (Deciduous Broadleaf) 38.4% 4 62.4%
5 (Mixed Cover) 12.0% 5 13.0%
Vegclass & CV 6 (Woodland) 28.5% 6 16.5%
8 (Closed Shrublands) 3.8% 8 1.1%
10 (Grasslands) 2.0% 10 3.7%
11 (Crop Land) 15.2% 11 3.2%
Table 7. Soil parameters determined for the two target basins in this study
Parameter Chungju Dam basin Soyanggang Dam basin

Upper layer Lower layer Upper layer Lower layer

K, 507.8 253.3 601.2 291.2

exp 10.40 10.67 10.39 10.49

Yt 1,254 1,386 1,285 1,433

w,, 0.577 0.454 0.443 0.406

Wp 0.452 0.323 0.315 0.288
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Table 8. Soil depth of each soil layer assumed for the Chungju Dam basin and Soyanggang Dam basin
Estima hod Chungju Dam basin Soyanggang Dam basin
timation met
stmation metho op layer | Upper layer | Lower layer | Total dept op layer | Upper layer | Lower layer | Total dept
Top 1 U 1 L 1 Total depth | Top 1 U 1 L 1 Total depth
Method (1) 0.22 m 0.67 m 0.18 m 0.54 m
Method (2) 0.11 m 0.56 m 0.09 m 0.45 m
0.10 m 0.35 m 0.10 m 0.27 m
Method (3) 0.45 m 0.90 m 0.36 m 0.72 m
Method (4) 0.0l m 0.46 m 0.01 m 0.37 m
Table 9. Soil Depth Estimated according to Previous Studies
Estimation method Equation %Z;nig;?f D?r;ur‘tl)ga];in
Zlem) = 122.13—0.11.5+0.012 WT
Mehnatkesh et al. (2013) L0.012CA—0.23STT 1.08 m 0.94 m
Penizek and Boruvka (2006) Zlem) =88.84+1.0204+0.0573 H—2.4918 091 m 0.83 m
USGS Zm) =25-15—22_ (5 < 707) 243 m 238 m
tan60
olck. VIC 2RolA] sPREZFS] 2ol 022 o 4 gl EAlOIVIE shAR, wele $etetel B4o] o5 AwA
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H s Btk WA, Yoo et al. (2015)0] Aerst AL A s o o o =
biell 25K, WA, Yoo et al. QOIS AYL BE B o) o wel go-g2 dae susac 1 Ane
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Fig. 3. Comparison of observed and simulated runoff ratios in the two target basins
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Table 10. Comparison of ratios of total runoff, direct runoff, and baseflow with respect to the assumed soil depth
Estimation Chungju Dam basin Soyanggang Dam basin
method Total depth | Total runoff | Direct runoff | Baseflow | Total depth | Total runoff | Direct runoff| Baseflow
Method (1) 0.67 m 65.9% 33.9% 32.0% 0.54 m 66.8% 38.3% 28.4%
Method (2) 0.56 m 65.9% 34.5% 31.4% 0.45 m 66.7% 38.9% 27.8%
Method (3) 0.90 m 66.1% 32.9% 33.2% 0.72 m 66.9% 37.4% 29.5%
Method (4) 0.46 m 65.9% 35.2% 30.7% 0.37 m 66.7% 39.5% 27.2%
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