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Assessment of future hydrological behavior of Soyanggang Dam
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Abstract

Climate change has a huge impact on various parts of the world. This study quantified and analyzed the effects on hydro-
logical behavior caused by climate, vegetation canopy and land use change of Soyanggang dam watershed (2,694.4 km?) using
the semi-distributed model SWAT (Soil Water Assessment Tool). For the 1997-2006 daily dam inflow data, the model was cal-
ibrated with the Nash-Sutcliffe model efficiencies between the range of 0.45 and 0.91. For the future climate change pro-
jection, three GCMs of MIROC3.2hires, ECHAMS-OM, and HadCM3 were used. The A2, A1B and B1 emission scenarios of
IPCC (Intergovernmental Panel on Climate Change) were adopted. The data was corrected for each bias and downscaled by
Change Factor (CF) method using 30 years (1977-2006, baseline period) weather data and 20C3M (20th Century Climate Cou-
pled Model). Three periods of data; 2010-2039 (2020s), 2040-2069 (2050s), 2070-2099 (2080s) were prepared for future eval-
uation. The future annual temperature and precipitation were predicted to change from +2.0 to +6.3°C and from -20.4 to 32.3%
respectively. Seasonal temperature change increased in all scenarios except for winter period of HadCM3. The precipitation of
winter and spring increased while it decreased for summer and fall for all GCMs. Future land use and vegetation canopy con-
dition were predicted by CA-Markov technique and MODIS LALI versus temperature regression respectively. The future hydro-
logical evaluation showed that the annual evapotranspiration increases up to 30.1%, and the groundwater recharge and soil
moisture decreases up to 55.4% and 32.4% respectively compared to 2000 condition. Dam inflow was predicted to change
from -38.6 to 29.5%. For all scenarios, the fall dam inflow, soil moisture and groundwater recharge were predicted to decrease.
The seasonal evapotranspiration was predicted to increase up to 64.2% for all seasons except for HadCM3 winter.
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#HA" GW REVAP, REVAPMNS} ZH<E3pado] wzgh
ALPHA BF& 2438l R 289 EXsrae
Nash-Sutcliffe(1970)7} AIQFsE ¢l & 8-4]5=(Model Efficient,
ME)9} R2E ARE-SFTE BA7|ZEe] 3 Hd ME=
0.45~0.91, RMSE:= 1.4~2.9 mm, R*= 0.70~0.922 EPst
om, AZ7|7Hl 3 MEE 0.43~0.88 RMSEE 1.0~2.2

I 5 FEIH RS R 2HEL

No. Parameter Description Range Optimal value
1 CN2 Curve number adjustment ratio 0~10 -8
2 ESCO Soil evaporation compensation 0~1 0.3
3 SOL_AWC Available water capacity 0~1 +0.025
4 SFTMP Snowfall temperature (°C) -5~5 0
5 SMTMP Snow melt base temperature (°C) 5~5 0
6 SMFMX Maximum snowmelt factor (mm H,0/°C-day) 0~10 6
7 SMFMN Minimum snowmelt factor (mm H,O/°C-day) 0~10 2
8 TIMP Snow pack temperature lag factor 0~1 0.5
9 | SNOCOVMX | Threshold depth of snow, above which there is 100% cover (mm H,O) 0~ 500 50
10 | ALPHA BF Base flow recession constant (days) 0~1 0.2
11 | GW_REVAP Groundwater “revap” coefficient 0.02~0.2 0.2
12 REVAPMN ;lfclli?fse};o(li nvze}t{ezr Ol<):vel in shallow aquifer for revap orpercolation to deep 0~500 400
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I 6. ALY & HEIE (%)

GCMs MIROC3.2 ECHAMS HadCM3
Scena-rios AlB Bl AlB A2 ‘ Bl AlB A2 Bl
Dam inflow
2020s 9.9 -11.3 -38.6 -38.0 -34.9 -19.8 253 -37.9
2050s 0.7 -3.0 -27.4 -26.5 -30.4 13.5 3.7 -37.9
2080s 10.1 -8.8 -28.2 -26.6 -25.9 6.4 29.5 -36.6
Evapotranspiration
2020s 7.1 2.6 212 -16.5 -14.1 -11.2 -16.7 -232
2050s 5.1 -13 -20.6 -16.4 -21.1 3.0 -4.7 -22.3
2080s 22 -11.6 -31.7 -324 -23.8 2.3 7.0 -20.9
Soil moisture
2020s -41.9 -42.8 -63.9 -70.3 -62.5 -60.8 -63.7 -52.5
2050s -32.5 -30.3 -62.0 -60.8 -61.8 -46.8 -54.8 -52.5
2080s -12.7 -38.3 -55.4 -65.9 -67.6 -46.1 -46.1 -52.5
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