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ABSTRACT

The purpose of this paper is to develop a meso—scale grid—based continuous
hydrological model and apply to assess the future watershed hydrology by climate
change. The model divides the watershed into rectangular cells, and the cell profile is
divided into three layered flow components: a surface layer, a subsurface unsaturated
layer, and a saturated layer. Soil water balance is calculated for each grid cell of the
watershed, and updated daily time step. Evapotranspiration(ET) is calculated by
Penman—Monteith method and the surface and subsurface flow adopts lag coefficients
for multiple days contribution and recession curve slope for stream discharge. The
model was calibrated and verified using 9 years(2001—-2009) dam inflow data of two
watersheds (Chungju Dam and Soyanggang Dam) with 1lkm spatial resolution. The
average Nash—Sutcliffe model efficiency was 0.57 and 0.71, and the average
determination coefficient was 0.65 and 0.72 respectively. For the whole Han river
basin, the model was applied to assess the future climate change impact on the river
bsain. Five IPCC SRES A1B scenarios of CSIRO MK3, GFDL CM2_1, CONS ECHO-G,
MRI CGCMZ2_3_2, UKMO HADGEMI) showed the results of 7.0%~27.1 increase of
runoff and the increase of evapotranspiration with both integrated and distributed
model outputs.

KEYWORDS - Grid-Based, Distributed, Hydrologic Model, Climate Change, Spatial
Assessment
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FIGURE 1. Outline of a meso—scale distributed continuous hydrologic modeling
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FIGURE 6. Monthly LAl for Han river basin (2001—2009)
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TABLE 1. The calibrated model parameters at four sub—watersheds

Parameter Definition Unit LB UB CJ SY Avg.
per_rt Soil percolation ratio % 0.001 0.50 0.050 0.070 0.06
surlag Surface runoff lag coefficient - 1 10 4 2 3
sip_| Lateral flow recession curve slope mm/day 0.01 10.0 0.3 0.3 0.3
time_| Lateral flow lag time day 1 30 5 3 4
slp_b Base flow recession curve slope mm/day 0.001 5.0 0.01 0.01 0.01
time_b Base basin lag time day 1 90 3 3 3

LB: Lower Bound, UB: Upper Bound, CJ: Chungju Dam Watershed, SY: Soyanggang Dam Watershed, CP:

Cheongpyeong Dam Watershed, Avg: Average
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2009

Precipitation (mm)

600

watershed)
Precipitation Streamflow(mm) Runoff ratio RMSE )
Year (mm) Obs. Sim. Obs. Sim. (mm/day) i NSE ~ Note
2001 1321.7 601.5 712.3 0.46 0.54 2.78 0.66 0.59
2002 1050.8 307.1 419.7 0.29 0.40 1.76 0.50 0.62
2003 1861.1 831.2 922.2 0.45 0.50 4.44 0.73 0.61 C
2004 2093.0 1039.1 1222.3 0.50 0.58 3.20 0.59 0.50
2005 1572.8 901.0 994 .1 0.57 0.63 4.61 0.68 0.48
2006 1574.4 734.6 845.6 0.47 0.54 2.48 0.73 0.50
2007 1737.2 943.6 1079.8 0.54 0.62 4.03 0.87 0.80 v
2008 1550.7 1004.9 989.9 0.65 0.64 3.94 0.55 0.54
2009 1050.9 4571 510.8 0.43 0.49 4.9 0.58 0.50
Average 1534.7 757.8 855.2 0.48 0.55 3.57 0.65 0.57 -

C: Calibration, V: Validation, RMSE: Root Mean Square Error, R®: Determination Coefficient, NSE: Nash—Sutcliffe
Model Efficiency

TABLE 3. Summary of model calibration and validation for streamflow(Soyanggang—dam

watershed)
Precipitation ~ Streamflow(mm) Runoff ratio RMSE 5
vear (mm) Obs. Sim. Obs. Sim. (mm/day) R NSE Note
2001 1187.6 732.9 622.9 0.62 0.52 2.25 0.83 0.80
2002 1014.7 563.1 524.5 0.55 0.52 1.68 0.88 0.86
2003 1434.7 843.4 719.4 0.59 0.50 3.04 0.68 0.60 C
2004 1857.8 1334.0 1071.5 0.72 0.58 3.15 0.78 0.76
2005 1452.2 1004.9 1215.2 0.69 0.84 3.07 0.45 0.56
2006 1327.3 779.6 661.9 0.59 0.50 1.48 0.56 0.62
2007 1759.0 1183.8 9951 0.67 0.57 2.40 0.88 0.74 v
2008 1273.8 940.3 779.7 0.74 0.61 2.80 0.72 0.70
2009 1225.0 725.9 594.2 0.59 0.49 2.27 0.74 0.73
Average 1392.5 900.9 798.3 0.64 0.57 2.46 0.72 0.71 -

C: Calibration, V: Validation, RMSE: Root Mean Square Error, R*: Determination Coefficient, NSE: Nash—Sutcliffe
Model Efficiency
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FIGURE 14. The future evapotranspiration for CSIRO MK3 model
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