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Abstract

This study is to assess the future potential impact of climate change on stream water quality for a
6,081.1 km® dam watershed using SWAT (Soil and Water Assessment Tool) model. The
ECHAM5-OM climate data of IPCC (The Intergovernmental Panel on Climate Change) A2, A1B, and
Bl emission scenarios were adopted and the future data (2007-2099) were corrected using 30 years
(1977-2006, baseline period) weather data and downscaled by Change Factor (CF) method. After
model calibration and validation using 6 years (1998-2003) observed daily streamflow and monthly
water quality (SS, T-N, and T-P) data, the future (2020s, 2050s and 2080s) hydrological behavior and
stream water quality were projected.

Keywords : Climate change; Downscaling; ECHAMS5-OM, Nonpoint source; SWAT; Watershed
modeling
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Table 1. Calibration and Validation Results of Discharge and NPS Loads at Three Calibration Points
Evaluation YW #1 / PR #3 YW #2 / DR CD (Outlet)
Model Output L. ; 5 : 5 ; 5
Criteria Cal Val Cal Val Cal Val
RMSE 2.80 2.38 2.98 2.67 2.01 1.58
Discharge RMAE 0.99 0.63 0.70 0.71 0.67 0.79
(mm/day) Vo 0.76 0.71 0.76 0.69 0.89 0.87
NSE 0.73 0.68 0.64 0.58 0.81 0.79
. R 0.79 0.95 0.69 0.53 - -
Sediment
NSE 0.59 0.85 0.87 0.62 - -
NPS Ve 0.70 0.78 0.81 0.94 - -
T-N
Loads NSE 0.67 0.41 0.83 0.86 - -
p R 0.82 0.88 0.35 0.88 - -
NSE 0.50 0.89 0.64 0.75 - -
ICal: Calibration Period (1998 ~ 2000)
?Val: Validation Period (2001 ~ 2003)
T2 g8 fAF ol B 53 gHS st S Role Aoz BA AN Table 1). 53], %
o, OiF-E AEA s 9tk s oF Re 3R] AA RAgA, AAAQ A EHe FAS)
Ha glow BEAdA EZE F e A v U EAXI) Aoz v HrkE A oo Fak
7] wjFol A=A sAlo] B2 ofelgo] ArHAA 3K(Nitrification), &2 3K Denitrification), 2} A=
A 5, 2007). 22 A1 (Fixation) 59 73 34L& T3 AA
Fig. 25 #3735 574 s 4247170 & T= %5171 ol o]F RFA A3 wdsA
ot9] Sediment, T-N, T-P H3}5F z+ 58 HA=X]9} 35k Aoz FAEr)h olof Hh) Q19 72 Eof 4
HoXE gk Ao P3| Hel| gk A=A gFaL Eaﬂoﬂ EztEo] iR FErtng
W AnE AvRd ARAVIZE 5 F 7109 AS FE=3 AR gt RAgo R vjuwy Al 4= Qe
Az thsle] Sediment, T-N, T-P H-3}3Fe] 283 RAANE IS5 5 Ik
S(NSE)2 072, 054, 07022 %4454213111, RE 7 I
N oz 7|&Xat
7} 087, 074, 0859 A4S noch SAAH] & 3.2 ol& Z1%
72709 A&7 3 Sediment, T-N, T-P X432 Fig. 3& EHCAM5-OM¢] #Hol® Ao W& 7} wj=
= NSEZF 0.75, 0.85, 0.70, R27}F 061, 0.88, 0.622] %+ Ayl e} el gk AT ATE e
20 20
et ¥ S A1B —B1 —Baseline (1977~2006)
&E 15 ‘E 15
'E 10 % 10
£ £
2 5 e s
0 @ (b)
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Fig. 3. Adjusted Temperature (tops) and Precipitation (bottoms) Data for ECHAM5-OM Using 30 Years
(1977-2006) Historical Observed Data, Before (a, b) and After (c, d) Bias Correction
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by the CF Method

Table 2. Changes in Degree and Percent for Future Seasonal Temperature and Precipitation by the CF

Downscaling
Temperature (C) Precipitation (%)
Season
A2 AlB B1 A2 AlB Bl

Spring (March-May)

2020s +0.5 +0.3 -0.1 +62.7 +47.9 +60.3

2050s +1.7 +2.0 +1.0 +60.4 +69.5 +53.4

2080s +3.4 +3.1 +2.4 +58.7 +69.0 +81.8
Summer (June-August)

2020s -0.1 -0.1 +0.1 -10.6 -14.8 -14.6

2050s +0.9 +1.8 +0.9 -6.6 -7.1 +0.3

2080s +2.6 +2.6 +1.6 -0.7 -134 -13.1
Autumn (September-November)

2020s +1.7 +1.8 +1.8 -33.1 -35.0 -44.2

2050s +3.2 +3.5 +2.9 -33.3 -33.3 -31.5

2080s +5.2 +4.9 +3.8 -41.0 -23.8 -38.3
Winter (December-February)

2020s +1.1 +0.8 +1.0 +151.6 +131.9 +161.1

2050s +2.6 +3.3 +1.9 +126.7 +187.7 +182.2

2080s +4.8 +4.6 +3.3 +178.8 +174.1 +192.9
Annual (January-December)

2020s +0.8 +0.7 +0.7 -2.0 -74 -74

2050s +2.1 +2.7 +1.7 -1.1 +2.0 +45

2080s +4.0 +3.8 +2.8 +1.7 +0.8 -1.0

4245 #10%% 20094 10H 883
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o2 Yeigth 53], BE iEA U LAY 5= = AeE BN o=2E B} o7 7t
g2 7hAA FEe] destded, ASEe AT 7F vl A velger, 2080s= ZPHA M2k S
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= YERHATH T AE Aow A |, AxnFES A9 A
Table 3. Summary of Future Projected Annual Hydrologic Components
Scenario P ET SR LAT GW ST
Baseline 2000 1155.1 407.2 419.2 35.5 232.5 691.2
2020s 1069.7 444.8 273.7 36.7 246.8 555.9
(-7.4) (+9.2) (=34.7) (+3.4) (+6.2) (-19.6)
Az 2050s (45 (1o | cuo | emy | o150 32
2080s 1143.5 475.5 275.2 485 263.5 585.5
(-1.0) (+16.8) (-34.3) (+36.4) (+13.3) (-15.3)
920205 1069.5 441.9 284.5 36.9 239.5 560.1
(-7.4) (+8.5) (-32.1) (+3.9) (+3.0) (-19.0)
AlB 2050s (200 mze) | can | ome | cun 1
2080s 1164.4 473.0 304.2 47.0 262.8 612.6
(+0.8) (+16.2) (-27.4) (+32.3) (+13.0) (-11.4)
2020 1131.7 447.5 323.7 36.7 248.2 607.1
(-2.0) (+9.9) (-22.8) (+3.3) (+6.7) (-12.2)
oo | owsos | | B | Cae | ewe | ceo | Cao
20205 1174.1 467.1 325.3 43.6 261.4 629.0
(+1.7) (+14.7) (-22.4) (+22.8) (+12.4) (-9.0)
P: precipitation (mm), ET: evapotranspiration (mm), SR: surface runoff (mm), LAT: subsurface lateral
flow (mm), GW: groundwater discharge (mm), ST: streamflow (mm)
() @ Percent of increase (+) or decrease (-) based on baseline (2000)
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Fig. 5. Effect of Climate Change on Monthly Dam Inflow of the Chungju Lake under Downscaled A2,
A1B and B1 Emission Scenarios in the 2020s, 2050s and 2080s
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Table 4. Computation of Flow Duration Statistics

Daily dam inflow (m*/sec) . )
Scenario CRR CFD
Q95 Q185 Q275 Q355
Baseline (2000) 102.0 34.1 19.6 87 503 93
2020s 101.2 60.6 335 185 84 46
A2 2050s 101.8 58.3 38.7 274 82 36
2080s 107.1 58.1 33.8 23.6 93 34
2020s 96.1 54.1 31.3 15.2 147 56
AlB 2050s 106.8 61.4 37.2 28.1 88 35
2080s 98.6 62.7 33.8 23.3 124 31
2020s 106.4 60.5 32.1 14.5 149 62
B1 2050s 103.2 58.4 33.8 15.8 131 61
2080s 1015 56.8 349 25.8 68 42
ICRR: Coefficient of River Regime
’CFD: Coefficient of Flow Duration
Oﬂ E‘ q—i l:lLﬂ 7]- 2)\ Tq—:]l %%E] 0—1 6‘]—}(\)]— 7:ﬂ z,: o -1 A22020s -/~ A22050s -O A22080s
(Coefficient of River Regime, CRR)®} 3HAI4 w0 | -W-A1B2020s & A1B2050s -o A1B 2080s (a)
B-B12020s -a-B12050s --B12080s
o Baseline

(Coefficient of Flow Duration, CFD)E A&t 3}
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Table 5. Percent Change in Annual NPS Loads

Scenatio NPS loads
Sediment T-N T-P
2020s -61.2 -14.2 -44.5
A2 2050s -41.3 79 -28.8
2080s -57.6 23.2 -33.1
2020s -59.1 -154 -47.6
AlB 2050s -454 9.4 -30.3
2080s -46.8 28.8 -25.1
2020s -52.3 -89 -39.9
Bl 2050s -51.2 -4.4 -48.4
2080s -48.8 10.5 -29.5
Table 6. Percent Change in NPS Loads for Wet and Dry Days
S . Wet days (%) . Dry days (%)
Sediment T-N T-P Sediment T-N T-P
2020s -61.2 -13.6 -44.9 -62.8 -85 -16.6
A2 2050s -41.1 +8.2 -29.0 -57.1 +23.9 -49
2080s -57.6 +14.3 -33.7 -575 +70.2 +14.8
2020s -59.1 -17.6 -48.1 -59.9 -1.8 -79
AlB 2050s -45.3 +75 -30.7 -52.2 +38.8 +0.7
2080s -46.7 +18.6 =257 -51.9 +79.3 +20.5
2020s -52.2 -6.0 -40.2 -64.9 -15.2 -20.6
Bl 2050s -51.1 -10.1 -49.1 -59.0 +22.3 +0.4
2080s -48.7 +6.0 -29.9 -56.0 +42.7 +49
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