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Abstract

This study attempted to determine a suitable hydrologic model for assessing the impact of climate
change on water resources, and to assess the accuracy of streamflow scenarios simulated by the
selected hydrologic model using the meteorological scenarios of the Seoul National University Regional
Climate Model (SNURCM). Comparison of four water balance models and two daily conceptual
rainfall-runoff models for the simulation capability of the Daecheong Dam inflow indicated that the
abcd model performs the best among the tested water balance models and performs as well as
SSARR that is popular as a daily rainfall-runoff model in Korea. Parameters of the abcd model were
then estimated for 12 ungauged subbasins of the Geum River by the regionalization method. The
model parameters were first calibrated at nine multi-purpose dams and were then regionalized using
catchment characteristics for another four multi-purpose dams, which were assumed to be ungauged
sites. The model efficiency (ME) coefficients of the simulated inflows for these four dams were at
least 87%. The MEs of the hindcasted meteorological rainfall scenarios of the 12 subbasins of the
Geum River were more than 60%. Moreover, the ME of the Daecheong Dam inflow simulated by the
abed model using the SNURCM rainfall scenarios was more than 80%. Therefore, this research
concluded that the abed model coupled with the SNU-RCM meteorological scenarios can be used for
impact assessment studies of climate change on water resources.

keywords : Climate change, monthly rainfall-runoff models, SNURCM, regionalization, water balance
models
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Drainage and runoff

Watershed Storage:
Includes lakes,

groundwater, and other
natural detention
AWC { storage features
Soil Reservoir:
Interface between
the watershed and
the atmosphere

2 s

River, Pond
Reservoair, etc

Notation : AWC = Available Water Capacity
AW = Available Soil Water
P = Precipitation
PET = Potential Evapotranspiration

Fig 1. Concept of Water Balance Models
(http://aben.cals.comell.edu)
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Table 1.

Simulation Accuracy of Daily Rainfall-
Runoff Models and Water
Models

(a) Total Period(1998.

Balance

1~ 2000. 12)

TANK | 85.22 59.33 58.33 (-) 1231
SSARR| 9375 30.69 29.94 6.71
T&M 72.45 45.62 45.42 41.24
abcd 90.66 42.51 41.76 (-) 930
GRZM | 7723 69.41 68.56 () 11.39
Xiong 50.43 102.24 93.54 39.87

(b) Dry Period

TANK| 83.04 46.76 54.14 (=) 211
SSARR| 6749 47.72 47.51 4.55
T&M 3141 75.74 84.01 67.33
abed 90.15 49.35 48.95 (-) 257
GR2M | 7445 64.20 58.87 24.13
Xiong 5.16 101.08 114.09 37.89

(c) Wet Period

TANK 85.37 46.54 30.82 (-) 9.22
SSARR 95.73 3473 28.20 20.28
T&M 68.45 74.10 43.40 25.55
abed 88.67 33.27 31.67 (-) 5.30
GRZM 64.54 69.38 4710 (-) 1824
Xiong 33.63 101.64 51.37 42.08
(Note: Bold characters represent the best

performance among 6 models)

—— Observation
- - TANK

00 = e
1998 12 19984 72 19994 18 19999 78 200048 18 2000 7R

Fig. 3. Simulation Comparison of the Rainfall-
Runoff Models
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Fig. 4. Flow Chart of the abcd Model Application
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Table 2. Available Data Lengths of Multipurpose
Dam Inflows

5 1986 14 ~ 2004 129

Eigiy 3 20019 1€ ~ 20049 12€

¢ 1974 1€ ~ 20049 12€

5 1977d 1€ ~ 2004 124

st 1993 1€ ~ 2004 12€

$57 Gl 19899 149 ~ 2004d 124¥

4 7 2000 1€ ~ 20049 12€

g 20029 1€ ~ 2004 12¢9

= 7 *§ 2002 1€ ~ 20049 12¢

4 3 1981 1€ ~ 20043 12€

e | B 19989 14 ~ 2004 124
b 19974 1€ ~ 2004d 1249
A7 AR 1976 149 ~ 2004d 129

(Note: * represents verification sites)

7R A7 EE A 97l THEAe] AEH
F AEE T8 abed=2 Y WAT(Table 49
EAQRIAE AFg3te 34 E ZAETE £ Aol
2 FHELUAE F 13702 Table 49 Z2th
E44202+e] A& Merz and Bloschl(2004)¢] A<k
A 5 FuellA AaHEF L7l e ¢
Aestct. 97 oHEA e abed2E ] Wi/
FAEAAAE AHE31e] stepwise regression®.2

Table 59 20l 2AAE T3t o AHE Bd

o do > 42 me
12

p
()

}

N
i

R} o2 3709 uj el HlE) Agel ¥ AE &
& otk oz B ATdA 1 1349 FH5A
AR 2 wWAES o) FAXL AT dE Ui
sihe AL dulaiy, FF ATNE ol& B
= AAEAAR e ZAF F7E olok &
Attt oz ASHYF Ao} Hlw
A Unlx) 4] EAREA, 9, 9%, 4%
A3 3)AXOR g b, ¢, dE T3] Table 6
o) A BT AZE A (Table 7) B4, DY, £5H]
ME® 90% )4, @499 MEE 871%Z UAZ =9
FHo] $5E AT

o &M o e
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Sy
¥2

Estimated Parameters of the abcd
Model for Multipurpose Dams Using
At-site Data

Table 3.

= 51 036 236 0.71
2% | 082 236 0.01 0.48
¢ T | 095 232 0.25 0.57
354 | ¢ 8| 097 268 0.01 0.51

g 7

& A | 097 688 0.05 0.01

= 24 | W H | 095 276 0.12 0.51
w448 | B #E | 087 324 0.01 0.22
e | H Q| 097 172 0.15 0.59
AR | ARZE | 097 364 0.07 0.01

Table 4. Basin Characteristics of Multipurpose Dams

Z59 | 6648.0]1220.6(632.96| 476.1| 435 18| 629.9]144.28| 4452| 11.2| 11748| 1300| 451

&7 | HAE | 209.0] 14452164063 4365 41.1 12] 5484112697 323| 11.0) 267 1160 129
&%) 2703.0( 1199.6|622.99| 387.7| 469 14| 770.7|141.32| 2359| 11.0] 39144| 1796| 695

e | 1584.0]1147.9|636.25| 549.3| 419 33| 786.8114848| 1701| 111| 5319| 14725| 6568

Yahd 1361.01 1072.8]643.05| 383.4| 40.3 29| 672.4|14848| 131.7| 11.8| 40006 1060| 782

S5 | #H | 925.0(1377.9|670.26| 504.6| 349 36| 800.7|154.29| 631 128 3¥26| 13620; 564
W | 2285.0| 1787.01690.72| 426.3| 354 30| 866.1)137.71| 1108| 131| 63666] 1827| 60.2

2FH | 954(2049.21688.70] 5489| 487 19| 5242|137.71| 85| 131 2660| 11307 0.0

27 S5 | 930.0[16995|689.91| 4325| 376 277] 7480(131.48| 597 125| 2460| 11900 888
thd = | 4134.0)1202.6|672.59| 158.8| 335 32| 593.0|15666| 4449| 125] 132317, 1560 60.8

T4A8 | BEd | 163.6/1460.61 68656, 1950 36.9 17| 754.9|131.58 00| 125 27| 5/m0] 100.0
WEER | Febd | 59.0(1468.9|707.15| 142.7| 433 3.0 680.8|138.52 00| 131| 1689| 3’0 0.0
A7y | A7l 763.0(1310.3|685.841 3594 328 17] 7679115837 838| 109 1380} 9/B1] 750
154 BEAERESRE



Table 5. Regional Regression Models for the abcd Model Parameters

a = 0248 + 0.068+39% - 0.049+HT2%

a + 0.002+Rd5L 89.79
b b = ~1099.76 + 1.096+Bi%= - 20601x BHEAAL - 87.736+ A% 173.042«Bd2% 86.61
c c = -0.065 + 0.056+3RE = 33.45
d d = -3.99 + 0.048+HT7EA} + 0.000038+3Fd Ao} + 0.0035+F 5 84.74

Table 6. Estimated Parameters of the abcd
Model at Verification Sites Using

Regional Regression

24 0.85 322.76 0.01 0.24
R 0.95 646.34 0.10 0.39
X 0.87 601.92 0.04 0.86
Rk 0.96 521.61 0.09 0.33

Table 7. Simulation Accuracy of the abcd Model
at Verification Sites

284 91.89 42.98 40.02 (-) 14.42
ELE 87.58 51.05 50.87 5.88
ek 93.00 40.45 39.82 (-) 1.03
ek 92.37 35.33 34.98 4.87

3.5 SNURCM 7|&Atzol Mg JisM HE

35.1 SNURCM X935 A%

1% Wt o3 B¢k o 2 9% PrHEA
5, 200474 e SNURCM=  PSU/NCAR
(Pennsylvania State University/ National Center for
Atmospheric Research) 52 28 MMV 7)=s8t1
FAEE AMEH(NCAR/Land Surface Model)o] &
" AY7IERygor ugdst gAAS a2
o2 AR 2 FofAlote] B A¥, A\ 54

nHow wigd & ok ®e FF F km 0|3
a3 A 7S oo AP A 7| FR o,
A A2 A (nested grid system) S ©] &3 us|AtE A
71FRYo g A8t A4 dynamical downscaling)
< AREELaL Qlth gl A SNURCM H-297%

18 oft 1o do

JFF¢2 WBE F ol T 127 2hdY £
vkt 127 AFE2 ME, R-Bias,
R-+/Var s} R-RMSEE u]walom), 2w Table
2 "zt 9lo] MEZF 60%7F

W
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Table 8. Simulation Accuracy of the SNURCM
Model

B1 65.29 66.03 65.35 14.03
B2 67.23 58.15 57.75 2.18
B3 72.63 51.36 4724 18.76
B4 78.21 43.33 42.56 0.30
B5 81.93 39.43 38.35 6.23
B6 70.87 52.42 47.03 23.36
B7 69.44 55.98 54.07 1544
B8 73.11 51.33 50.69 10.01
B9 63.91 57.28 52.57 19.67
B10 87.44 34.41 33.34 10.33
B11 73.77 47.87 39.74 25.19
B12 80.97 42.23 38.12 18.34
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Table 9. Simulation Accuracies of abcd Using the Observed and the SNURCM-simulated Meteorology
(1993. 1 ~ 1994. 12)

Q= ]
(%< PET) 90.58 612 43.87 (-) 523
abcd
SNURCM ]
(4 PET) 82.43 46.75 39.02 (-) 2827

(Note: PET = evapotranspiration)
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