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Abstract

To provide a reliable tool for runoff simulations of ungauged watersheds upstream of reservoirs, a daily
runoff simulation model, Tank model, is restructured, the parameter regionalization of the model is conducted,
and the model’s applicability is evaluated. Taking into account the characteristics of runoffs from the
watersheds, a three-tank model is employed. The percolation process of the model’s third tank is eliminated,
considering the water budgets of the watersheds, and its evapotranspiration component is improved, reflecting
the conditions of meteorological observation in South Korea. The sensitivity analysis of the model shows
that the model’s behaviors, varying with a sensitive parameter, a, are reasonable. The regional parameter
estimation equations are determined, using the characteristics and land uses of the watersheds as variables.
The model is applied for the runoff simulations of three watersheds and the water stage simulation of one
reservoir, and the simulation results are then compared with the observed values, which prove to be in close
agreement with the observations. In addition, the results from simulating inflows of twenty—four reservoirs
using the model show that the averages of evapotranspiration rate and runoff rate are 42.8% and 56.6%,
respectively, which are resonable. Consequently, it is concluded that the model is practically applicable to
simulating runoffs from watersheds upstream of reservoirs, and simulated inflow data are useful for watershed
management and reservoir planning, design, and operation.
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Table 1. Results from Analyzing Sensitivities of the Amounts of Evapotranspiration and Runoff, Varying with

a Values
a Evapotranspiration Runoff
Values | Rates of change (%) | Amounts (mm) |Rates of change (%) | Amounts (mm) | Rates of change (%)
0.008 -46.7 724.3 -16.6 1,175.5 114
0.015 0.0 868.9 0.0 1,055.1 0.0
0.030 100.0 979.7 12.8 961.0 -89
0.050 233.3 1,029.3 185 9185 -12.9
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Table 2. Statistical Results from Analyzing Characteristics of Watersheds Selecied for Determining Regional

Parameter Estimation Equations of the Tank Model

Statistical | Watershed Stream Percentages of land use Shape
values | areas (km®) | lengths (km) | Paddy (%) |Dry cropland (%) | Forest (%) | Etc. (%) factors
Max. 2,060.30 79.20 31.00 14.00 90.80 29.00 0.38
Min. 2.75 3.83 3.20 4.80 40.00 1.00 0.11
Mean 527.28 39.91 12.22 8.07 70.12 8.64 0.26

St. dev. 613.77 27.39 8.52 2.89 14.37 8.49 0.10

Table 3. The Regional Parameter Estimation Equations of the Tank Model. The Results of Huh et al. (1993a)

are Partially Employed

Parameters | Regional parameter estimation equations R’ p-value
an 0.080 + 0.031 x log (Area)-0.002 x (Length) 0.59 0.045x
an -0.192 + 0.007x (Forest)-0.001 x (Length) 0.76 0.007%x
as 0.089 + 0.004xlog (Area)-0.002 x (Cropland) 0.86 0.001
as 0.005 + 0.00026 = (Length) 0.74 0.001
b1 0.616 - 0.042 x log (Area) - 0.002 x (Forest) 0.95 0.000x:x
b 0.067
bs 0.000
hi 5.495 + 0.564 x log (Area) 0.52 0.019%x
hio 40.38 + 1.177 x (Forest) + 43.933 x log (Area) — 85.219 x log (Length) 0.93 0.001#3
hs -2.060 + 5.882 x log (Area) - 0.369 x (Length) 0.73 0.010%x
hs 0.000

Area, Watershed area (km?); Length, Length of main stream(km); Paddy, Percentage of paddy field(%);

Percentage of dry cropland field (%); and Forest, Percentage of forest(%).

# p<0.05; *x: p<0.01; =xx: p<0.001.
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Fig. 6. Comparison of Optimally Estimated Parameter Values and Regional Parameter Values

Table 4. Characteristics of Watersheds Selected for Evaluating the Applicability of the Regional Parameter
Estimation Equations

Percentages of land use Stream
Watersheds Stream Watershed Shape lengths
names areas (km?) Paddy | Dry cropland | Forest Etc. factors g

(%) (%) (%) (%) (km)

HS#3 Balan 4.13 18.8 95 51.0 20.7 2.29 3.09
HS#5 Balan 5.06 16.2 1.2 787 39 0.52 3.13
Indong Daejeon 59.92 2.5 7.6 67.4 225 0.15 20.22
Keumsan | Bonghwang 212.20 7.1 11.7 73.8 75 0.56 29.58

Table 5. Monthly Coefficients of Land Cover for Selected Watersheds

Months Watersheds Months Watersheds
HS#3 HS#5 Indong | Keum-san HS#3 HS#5 Indong | Keum-san
Jan. 0.50 0.56 0.53 0.55 Jul. 0.87 0.85 0.82 0.83
Feb. 0.55 0.58 0.57 0.57 Aug. 0.93 0.89 0.84 0.88
Mar. 0.65 0.68 0.67 0.67 Sep. 0.79 0.75 0.74 0.74
Apr. 0.68 0.70 0.68 0.69 Oct. 0.67 0.61 0.65 0.68
May 0.80 0.80 0.80 0.80 Nov. 0.53 0.50 0.52 0.54
Jun. 0.82 0.82 0.80 0.81 Dec. 0.40 0.40 0.40 0.40
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and Regional Values of Parameter a

Table 6. Results from Estimating Parameters Using the Regionalized Equations

Watersheds an an az as by b2 bs hyy hiz hy hs
HS#3 0.118 | 0.162 | 0.076 | 0.006 | 0.454 | 0.067 0.00 6.29 66.959 5.14 0.00
HS#5 0124 | 0.356 | 0.093 | 0.006 | 0.390 | 0.067 0.00 6.41 107.03 | 6.33 0.00

Indong 0.166 | 0.260 | 0.090 | 0.010 | 0.309 | 0.067 0.00 7.80 43.34 | 14.55 0.00
Keumsan 0.187 | 0.295 | 0.087 | 0.013 | 0.243 0.067 0.00 8.52 74.01 18.54 0.00

Table 7. Statistical Results from Comparing Observed and Simulated Values of Selected Watersheds During

the Model Calibration

Watersheds Periods Relative errors (%) RMSEs (mm) Coefficients of correlation
HS#3 1996 ~1997 -34 5.6 0.88
HS#5 1996 - 187.0 0.99
Indong 2007 -35 5.6 0.90
Keumsan 2008 8.8 1.0 0.93
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Table 8. Statistical Results from Comparing Observed and Simulated Values of Selected Watersheds During

the Model Validation

Watersheds Periods Relative errors (%) RMSEs (mm) Coefficients of correlation
HS#3 1999~2000 -4.0 10.2 0.91
HS#5 1997 - 170.3 0.94
Indong 2008 ~2009 17.0 4.3 0.77
Keumsan 2009~2010 35 2.7 0.88
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Table 9. Statistical Characteristics of Twenty-four Reservoirs Selected for Analyzing Their Inflow Patterns

Statistical threerj:ed Percentages of land use Shape li:egiz
values (km?) P?(i(iy Dry (c;)))pland Fz)or/oe)st I(E;:) factors (kgfn)
Max. 122.80 23.20 17.20 93.10 11.20 3.04 26.12
Min. 513 0.30 1.80 56.10 0.00 0.12 1.75
Mean 2597 5.97 7.04 82.20 4.79 0.63 7.47
St. dev. 27.14 5.49 4.69 9.90 2.92 0.61 521

Table 10. Statistical Results from Simulating Inflows from Ungauged Watersheds Upstream of Twenty—four

Reservoirs
L. . Evapotranspiration Runoff
Statistical Rainfalls
values (mm) Amounts Rates of eva. Amounts Rates of runoff
(mm) (%) (mm) (%)
Max. 16,406.7 6,914.9 535 10,525.7 64.2
Min. 11,351.0 5,029.8 34.8 5,555.4 46.5
Mean 14,070.1 5,968.0 42.8 8,007.5 56.6
St. dev 1,359.2 421.0 5.0 1,341.9 48
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