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Abstract

It is expected that water resources will be changed spatially and temporally due to the global climate change. The quantitative
assessment of change in water availability and appropriate water resources management measures are needed for corresponding
adaptation. However, there are large uncertainties in climate change impact assessment on water resources. For this reason, development
of technology to evaluate the uncertainties quantitatively is required. The objectives of this study are to develop the climate change
uncertainty assessment method and to apply it. The 5 RCMs (HadGEM3-RA, RegCM4, MM5, WRF, and RSM), 5 statistical
post-processing methods (SPP) and 2 hydrological models (HYM) were applied for evaluation. The results of the uncertainty analysis
showed that the RCM was the largest sources of uncertainty in Spring, Summer, Autumn (29.3~68.9%), the hydrological model was the
largest source of uncertainty in Winter (46.5%). This method can be possible to analyze the changes in the total uncertainty according
to the specific RCM, SPP, HYM model. And then it is expected to provide the method to reduce the total uncertainty.
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Fig. 1. Schematic Diagram of Climate Change Uncertainty Assessment Method on Water Resources
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Fig. 2. Schematic Diagram of Quantile Mapping Method
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Fig. 3. Uncertainty Analysis Method Using Sub-sampling Method
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Table 1. Statistical Analysis of Hydrological Models
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335ERY 1

A SRR 7|E F15E SWAT (Bae et al,
2011), VIC (Son, 2015)2] AT+ o] 514t 155 A2 S
ol-gato] FFH O] 71E w7 iS4 BHE 845t 0, o]

Hydrological model CC () RMSE (mm/d) ME (-) VE (%)
SWAT 0.89 3.05 0.80 -0.07
VIC 0.83 3.90 0.69 3.31

- Correlation Coefficient (CC) = S5, / /S5, x5S, , 85, = 3,(0—0)(8—5) , 85,= 3,0 —0)*, 55, = 3,(5—5)
- Root mean square error (RMSE) = 4/,(0, —5,)*/n , where n is a number of data

- Nash-Sutcliffe efficiency (ME) = [3(0, — 0)* = Y3(0,— $)21/3(0,_ 0)?

- Percent error in Volume (VE) = 100x (D15, _370,)/>,0., Where, O is observed flow and S is simulated flow.
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0.89, 0.83, RMSE= 3.05, 3.90, R¥ 88444+ 0.80,
0.69, 9582 0 2}=0.07~3.31%2] H 2 Vet &84
o] 2 A0 SISt

T5H VRS $EEYE EYE S5ERY
1981~2005(&25%) o] A B+ 2 g+ 7]
T, FE2, TUAES UEH Table 29 2t} S5
9] ABPH 722 9.6°CE E|tof 4] 7] 20] e
2| A Folet. A 7R 1,268.7 mmO]H 71 5-716.7 mm
(56.4%)7}F A2 (6~8Y)°ll FF=H, A4 84.5 mm, =
2 210.4mm, 7F&4 257.1 mm=E AAHE 2jo) 7} vrehdt
AP FEFT FIAEES 867.4 mm, 395.3 mm (SWAT),
872.2 mm, 389.2 mm (VIC) 2.2 e O, §-58-268-69%
A= UeHth EAA 2= VIC B2 ALE 1=5F
o] A Yebg oL, SWAT-2 B4 Sakatefo] A A =
AT} o= SWATO] -34S §Hest] AEH o= FE%0]
HAgsR] oot Edof A S A SRS B AR

F02 Wi

—_—

oo o) 1o

3.4 7|2HE AlL2|2 3

CORDEX East Asia®|A] @A7IA] +E5H AR E AT H
™ RCP8.5, RCP4.59] HadGEM2-AOZAES RCMS 0]&
Sho] AA|SHE 7] S A U] @ AR Qleh ARRE RCM 9]
FFE 7147 (HadGEM3-RA), 5 TH(RegCM4), A&
(MM5, WRF), AAH(YSU-RSM)ZE & 47} 713, 57 2.8

W 2277 Y 9 EAL Table 33 2T
7t g A= 7t 20172, H 472 FEHLE A
2, 22 7)1 7 1981~20054, B2 7] 72 2011~2035
dg 35402 &8 4 ok H7HE $18l RCP8.59] Tt
57FA RCMs 23+ 254 02 &85tk

417|2AHE|2 7= Y o2 7|5 Y
411 RCM9| A 71229 58 &4

U Pt 7| 20] 1.0] 58-S Fr1st Ayt HadGEM3-RA,
RegCM4, YSU-RSM 232 K& ol T=5At= o] HI5|
EAAAE GO Ut S Hol= A o= UEH e
™, SNU-MM52} SNU-WRF= BE Yof| A 7] &0] =7 &
Ol== A o = UElSTHFig. 5(a)). €8 ATd o= B4
<t A3 HadGEM2-A09] 74 1149, 129, 34, 44 &ofl 7
o A== A0 2 Yepton 6~108] T AP == A
© &2 UERTHFig. 5(b)). o123t H7HE 17t 2= RCMOfA
T S5 et O, T F RegCM4AE A 5 7345
oA Yett= g WEAdol A YehR] dgtoen,
YSU-RSM-2 ufj-¢- gto] 2A| AP == A 0 &2 Lttt &
ERCMO| 739 54 9 ALE 7S M55k et o
SAoe a4 sl A ey Ak FFEHE
lelA= 712 g5 5ol A4t A E o tigh HolE BT
T Q= BAPE 8 Th

Table 2. Seasonal Temperature, Precipitation, Evapotranspiration, Runoff of Study Area During 1981~ 2005 yr

Variable Spring Summer Fall Winter Annual
Temperature (°C) 9.2 21.6 11.0 -3.5 9.6
Precipitation (mm) 210.4 716.7 257.1 84.5 1268.7
Evapotranspiration SWAT 116.7 181.6 77.2 19.9 395.3
(mm) VIC 84.3 220.5 63.4 21.0 389.2
Runoff SWAT 139.8 479.9 208.4 39.4 867.4
(mm) VIC 134.7 463.0 211.0 63.4 872.2
Table 3. Data Period and Spatial Resolution for Each RCM
Model Historic period Future Period (RCP8.5) | Spatial Resolution Note
HadGEM3-RA 1950~2005 2006~2100 50km 360 days
RegCM4 1979~2005 2006~2050 50km 360 days
SNU-MMS5 1979~2005 2006~2035 50km 365 days with Leap year
SNU-WRF 1979~2005 2006~2050 50km 365 days with Leap year
YSU-RSM 1980~2005 2006~2050 50km 360 days
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Fig. 5. Bias Analysis of Monthly Temperature and Precipitation
Table 4. Bias of Corrected Seasonal Temperature (°C) and Precipitation (mm)
Temperature (°C) Precipitation (mm)
Method - - - -
Spring Summer Fall Winter | Annual | Spring Summer Fall Winter Annual
Original RCM -0.35 -2.17 0.22 0.75 -0.41 48.7 -239.6 17.3 80.3 -100.3
LSM -0.01 -0.01 -0.01 -0.02 0.01 0.3 1.3 1.2 -0.2 2.6
VSM -0.01 -0.01 -0.01 -0.02 0.01 0.0 0.0 0.0 -1.2 -1.1
QMM 0.08 0.09 0.10 -0.12 0.06 -0.8 1.9 14.8 7.7 23.6
SWS -0.01 -0.01 -0.01 -0.01 0.01 09 1.8 2.8 0.5 59

412 SAH Fx27 Yo HEN 24

TR YRR 8= 7| TR Ayt dupt
USRS FARIAE 24617 flol Helw g7 o] 44
J FAS 435St Table 4= RCM YAt= 2 A4 &4
2719-S 5ol BAHE 7oA U e o] IEAtmetke] Bk |
O Yehd Aot 7[E RCM ] Bt Ho7Hg, o &, 7H,
A&, ABA A2 0.4°C, 2.2°C, 0.2°C, 0.8°C, 0.4°CE L}
B A, OB 7o whE Ry o] Wgto] A+
7]-2-9] 739-0.01~0.06°C & - oA = A& g1e 4=
Utk T3 AE 2 At 5] 749 RCM HAt=0] 3
o WOt &/, AF, 7HS, AL, A% A= 48.7 mm,
-239.6 mm, 17.3 mm, 80.3 mm, 100.9 mm =2 YEh}=
g, WO H A7 of| w2 1 o] Wt gho] AP HAt4F
©178---1.1~23.6 mm & 2 o Hopx]= A s 21
Utk el BRlAME R O] 749 11 F A7} thA Yof
AW FrF2 23.6~443 mm H & W7 EA5H= 10

= Y

413 0 7|&4Y
T2 FF Y7E vl 7|2 k] A ks
251} Table 5+ 1A 717H(1981~2005'3) thH] w] 2 7]

(N

(2011~2035) 2] 7|-2, 73] H3lE el Zolt). &
B7]L-2 1.4°C (HadGEM3-RA), 1.3°C (RegCM4), 1.5°C
(SNU-MM5), 1.6°C (SNU-WRF), 1.39°C (YSU-RSM) A}
%351= 71 © & LFERIT HadGEM3-RAE= A2, RegCM4,
SNU-MMS35, SNU-WRF+= o154, YSU-RSM-2 =2 of| A
7| 20| 7V AA| 5ot AL R UETE A% A
2 -14.4 mm (HadGEM3-RA), 195.7 mm (RegCM4), 93.5 mm
(SNU-MMS5), 117.1 mm (SNU-WRF), 30.2 mm (YSU-RSM)
H5l5h= 71 © 2 YERGTH HadGEM3-RAE A9t R E 1
FollX= A A5t o 57 adol S7kohe A o= UEre.
™, 542 25 RCMO| 7ok A 0 =2 Yepyitt 7Rt
A-&742] 79 HadGEM3-RA, SNU-MMS5, YSU-RSM2 7+
45k= 71 0 2 UERE O B RegCM4, SNU-WRF= 5715}
£ A0 2 UERT o] = T U 2A7A S AU 0 Y
GCM 2Tz o] g8l = EFskal, ZF RCMof whet wjzf

42 FEA|L2| 2 Hu Y
Fig. 62 USAR S B A H 7| 2A 2] 2.5 085

o] AATE SWATE] &% A2 LA Zo|th Fig. 6(a)=

FE% Fig. 6(b)= TS Uerd o=z a2 377
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Table 5. Changes in Seasonal Temperature and Precipitation for Each RCM

667

Type Spring Summer Fall Winter Annual
HadGEM3_RA 1.4 1.3 0.9 1.8 1.4
RegCM4 1.1 1.4 1.4 1.2 1.3
Temperature SNU-MMS5 1.0 1.7 1.6 1.4 1.5
(©) SNU-WRF 13 1.7 1.6 1.6 1.6
YSU-RSM 1.7 1.6 0.9 1.3 1.4
Average 1.4 1.6 1.28 1.4 1.4
HadGEM3_RA 8.5 -0.4 -20.0 -2.5 -14.4
RegCM4 23.4 117.8 54.0 0.5 195.7
Precipitation SNU-MMS5 0.3 129.8 -32.1 -4.5 93.5
(mm) SNU-WRF 25.5 84.3 22 5.1 117.1
YSU-RSM 43.6 8.3 -17.7 -4.1 30.2
Average 20.3 68.0 -2.7 -1.1 84.4
? Dynamic downscaling === SWAT_0BS ! Dynamic downscaling === SWAT_OBS
| Cidam Basin —@— swWAT_FUT_HIS == SWAT FUT AVE

Changes (mm/day)

0 30 60 90

\ \ — — T T
120 150 180 210 240 270 300 330 360
Date (Day)

(a) Runoff

CJ dam Basin

Changes (mm/day)

0 30 60 920 120 150 180 210

Date (Day)
(b) Evapotranspiration

Fig. 6. Changes in 30-Days Moving Averaged Runoff and Evapotranspiration

Table 6. Changes in Future Runoff and Evapotranspiration in Chungju Dam Basin (mm)

240

270 300 330 360

Variable RCM Spring Summer Fall Winter Annual
HadGEM3-RA -10.2 14.4 -89 2.6 -2.2
RegCM4 5.6 92.8 47.2 -0.7 144.9
SNU-MM5 -15.4 107.5 -35.1 -3.6 53.5
Runoff
SNU-WRF 3.5 73.8 -5.5 1.6 73.4
YSU-RSM 15.4 -20.6 -11.2 -3.3 -19.7
AVE -0.3 53.6 -2.7 -0.7 50.0
HadGEM3-RA 4.7 8.0 3.0 2.4 18.2
RegCM4 5.7 9.3 29 1.2 19.1
Evapo- SNU-MMS5 5.6 6.2 0.1 1.9 13.6
transpiration SNU-WRF 5.3 5.9 1.4 1.8 14.4
YSU-RSM 8.9 7.3 0.1 0.5 16.8
AVE 6.0 7.3 1.4 1.6 16.4
7ho) PEA R 7)Erel SWAT o] Anke tpehd olw, 7] &) A F7ksks Ao tehitt 4ol 2
Aem Ade ol A Aol agh AL 8Lty SANE 3 tehke 212 Se18H 4 glow, 7] whet
ol UHE B S S e Z0IEE R EFO A9 10 IV I gagiehn A Ask v et 3
R SYAA L WL EElg A o2 e oL 708 WARREe] 79579 7k S7kske Ao et ot 8Y
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Fig. 7. Changes in Future Seasonal Runoff and Evapotranspiration
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Table 7. Contribution of Future Projection Uncertainty on Seasonal Runoff and Evapotranspiration (%)

Type Runoff Evapotranspiration
Spring | Summer Fall Winter | Annual Spring | Summer Fall Winter | Annual
RCM 49.6 203 68.9 13.0 289 12.2 2.4 243 2.5 2.6
SPP 10.9 18.7 3.8 12.5 18.6 9.0 3.5 14.5 8.4 11.8
HYM 17.5 18.1 13.6 46.5 16.4 51.6 62.5 15.5 65.1 28.5
RCM-SPP 3.1 4.9 2.0 53 43 4.4 22 9.4 2.4 23
SPP-HYM 13.0 19.3 3.2 8.5 21.2 14.1 20.2 15.9 7.4 35.7
RCM-HYM 3.2 5.5 8.0 11.0 6.8 5.1 6.7 13.6 119 13.7
RCM-SPP-HYM 2.7 4.2 0.6 33 4.0 3.6 2.5 6.7 23 5.4
Total 100 100 100 100 100 100 100 100 100 100
100 ‘ ‘ 100
9 90 |
80 - 80
ZE L Ot ZE 0wt
50 + Brvm 50 - Eh
40 | sPp 10 | spp
30 + B RCM 30 B RcMm
20 A 20 +
12 : | 12 : | N
SPRING SUMMER FALL WINTER ANNUAL SPRING SUMMER FALL WINTER ANNUAL
a) Runoff b) Evapotranspiration
Fig. 8. Contribution of Future Projection Uncertainty on Seasonal Runoff and Evapotranspiration
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7o) BEUA B A0S el Zoleh ALEL A L ulAck e o))k SRR oS o] 22
QJet = A Hol A RCMO] 29.3~68.9% & 7H S HIS= o2 UE o, T57]= 7% R e 720 Jol 2 A
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