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Assessment of Climate Change Impact on Storage Behavior of Chungju and
the Regulation Dams Using SWAT Model
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Abstract

This study is to evaluate the climate change impact on future storage behavior of Chungju dam (2,750%10° m®) and
the regulation dam (30+10° m®) using SWAT (Soil Water Assessment Tool) model. Using 9 years data (2002~2010),
the SWAT was calibrated and validated for streamflow at three locations with 0.73 average Nash-Sutcliffe model
Efficiency (NSE) and for two reservoir water levels with 0.86 NSE respectively. For future evaluation, the HadCM3
of GCMs (General Circulation Models) data by scenarios of SRES (Special Report on Emission Scenarios) A2
and Bl of the IPCC (Intergovernmental Panel on Climate Change) were adopted. The monthly temperature and
precipitation data (2007 ~2099) were spatially corrected using 30 years (1977 ~2006, baseline period) of ground
measured data through bias—correction, and temporally downscaled by Change Factor (CF) statistical method.
For two periods; 2040s (2031 ~2050), 2080s (2071 ~2099), the future annual temperature were predicted to change
+097C in 2040s and +4.0C in 2080s, and annual precipitation increased 9.6% in 2040s and 20.7%6 in 2080s respectively.
The future watershed evapotranspiration increased up to 15.3% and the soil moisture decreased maximum 2.8%
compared to baseline (2002~2010) condition. Under the future dam release condition of 9 years average (2002~2010)
for each dam, the yearly dam inflow increased maximum 21.1% for most period except autumn. By the decrease
of dam inflow in future autumn, the future dam storage could not recover to the full water level at the end
of the year by the present dam release pattern. For the future flood and drought years, the temporal variation
of dam storage became more unstable as it needs careful downward and upward management of dam storage
respectively. Thus it is necessary to adjust the dam release pattern for climate change adaptation.
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Fig. 2. The Study Watershed
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Table 1. The GCM Data Adopted in This Study
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Table 2. Calibrated Model Parameters at Three Subwatersheds

Parameters | Definition Range YW CJD | CJRD
CN2 SCS runoff curve number £20% | -10% | 5% | 5%
ALPHA_BF | Baseflow recession constant (days) 0-1 0.6 05 0.6
GWQMN Threshold water level in shallow aquifer for base flow (mm) 0-5000 250 250 250
GW_DELAY | Delay time for aquifer recharge (days) 0-500 40 50 100
GW_REVAP| Revap coefficient 0.02-0.2| 0.02 0.02 0.2
REVAPMN | Threshold water level in shallow aquifer for revap (mm) 0-500 200 250 200
CH_N Manning coefficient for channel 0.01-0.3| 0.016 | 0.016 | 0.016
SFTMP Snowfall temperature (C) 0-5 5 5 5
SMTMP Snowmelt base temperature (C) -25-25 0.5 05 05
SMFMX Maximum melt rate for snow during the year (mm/C-day)| 0-10 1 1 1
SMFMN Minimum melt rate for snow during the year (mm/C-day)| 0-10 45 45 45
TIMP Snow pack temperature lag factor 0-1 1 1 1
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Table 3. Input Parameters for Reservoir Operation
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Parameters Definition CJD | CJRD
IYRES Year the reservoir became operational (year) 2002 2002
RES_ESA | Reservoir surface area when the reservoir is filled to the emergency spillway (ha)| 9,634 | 1,194

RES_EVOL| Volume of water needed to fill the reservoir to the emergency spillway (10'm?) 261,951 | 5,585

RES_PSA

Reservoir surface area when the reservoir is filled to the principal spillway(ha)| 8,775 851

RES_PVOL | Volume of water needed to fill the reservoir to the principal spillway 10*m?) 225,152 3,373

RES_VOL | Initial reservoir volume (10" m%)

275,000| 3,500

RES_K

Hydraulic conductivity of the reservoir bottom (mm/hr) 0.1 0.1
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Table 4. Summary of Future Predicted Seasonal Hydrologic Components Changes (in percentage) of the A2
and B1 Scenarios in the 2040s and 2080s.

Outflow Evapotranspiration Soil moisture
Scenario 2040s 2080s 2040s 2080s 2040s 2080s
B1 A2 B1 A2 B1 A2 B1 A2 B1 A2 Bl A2

Spring Mar-May) | -22.3 | -33.5 | +37.3 | +40.0 | +28.1 | +452 | +61.4 | +43.7 | -57 | -55| -6.0 | -3.0
Summer (Jun-Aug) | -52 | +61.5 | +41.7 | +152 | +29.9 | +14.1 | +114 | +265 | -1.0| -05| -12 | -0.2
Autumn (Sep-Nov) | +2.3 | -188 | -53.7 | -36 | -316 | -320 | -27.1 | -13.0 | -06 0.6 10| -12
Winter (Dec-Feb) | +31.1 | =405 | +39.0 | -33.8 | -62.2 | -176 | -323 | 68 | -52 | -42| -37| -33
Annual +0.1 | +1.8 | +22 | +48 | +15 | +44 | +76 | +153 | 28| -21 | 21| -18

Table 5. Monthly Target Release for Reservoir SWAT Model

Parameter STARG (m?/s)

Month 1 2 3 4 5 6 7 8 9 10 11 12

CJD 885 8.7 97.6 1356 | 217.8 | 4034 | 17824 | 1549 | 1239.9 | 183.7 | 100.1 93.9

CJRD 97.3 1019 | 1233 | 196.8 | 230.7 | 6324 | 1329.8 | 14165 | 11249 | 134.3 | 116.3 | 104.2
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Table 6. The Future Possible Changes (in percentage) in Seasonal and Annual Dam Inflow and Storage for

2040s and 2080s of B1 and A2 Scenarios

Components Dam Inflow Dam Storage
Dam CJD CJRD CJD CJRD
Scenario Bl A2 Bl A2 Bl A2 Bl A2

Spring

2040s +26.82 +46.53 +19.37 +38.92 +1.2 -0.3 -2.1 -2.4

2080s +35.26 +52.89 +22.9 +45.2 -5.6 -11.0 +0.7 +3.3
Summer

2040s +3.42 +11.03 +4.96 +13.77 +4.7 +20.3 +0.4 -1.2

2080s +14.20 +17.54 +6.41 +17.47 +13.0 +20.4 -14 +0.1
Autumn

2040s -4.24 -7.43 -7.10 -10.67 -13.8 -6.0 +1.6 +1.1

2080s -26.31 -12.56 -36.07 -17.95 -8.7 -0.1 +2.9 +1.2
Winter

2040s +3.38 +5.01 +3.68 +6.30 -1.0 +1.6 +1.0 -0.2

2080s +5.24 +7.59 +7.50 +9.36 -4.5 -6.5 +0.9 +1.3
Annual

2040s +5.0 +14.7 +8.1 +15.9 -2.2 +3.9 +0.2 +0.5

2080s +10.8 +21.1 +14.0 +20.0 -1.5 +0.7 +0.8 +1.5
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