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ABSTRACT

The low flow is the necessary and important index to establish national water planning, however there are lots
of uncertainty in the low flow estimation. Therefore, the objectives of this study are to assess the climate change
uncertainty and the effects of hydrological models on low flow estimation. The 5 RCMs (HadGEM3-RA, RegCM4,
MM5, WREF, and RSM), 5 statistical post-processing methods and 2 hydrological models were applied for evaluation.
The study area were selected as Chungju dam and Soyang river dam basin, and the 30 days minimum flow is used
for the low flow evaluation. The results of the uncertainty analysis showed that the hydrological model was the
largest source of uncertainty about 41.5% in the low flow projection. The uncertainty of hydrological model is higher
than the other steps (RCM, statistical post-processing). Also, VIC model is more sensitive for climate change compared
to SWAT model. Therefore, the hydrological model should be thoroughly reviewed for the climate change impact
assessment on low flow.
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Fig. 1. Methodology of uncertainty analysis in low flow
projection.

=)

&
RORLLCC
TEe
d (o o
o

oM,

> R

Fu pLs

&lutA ot} Rahman et al.(2010)2 7t
Ruscom 7} 5&o]] SWAT &8 A-8s}o] 51 HIEO] A
] .01, Staudinger et al.(2014)2 HBVE: 0]
291229] 217 £899] A93ES BoFsHGL ol9]
o| &= PRMS(Bae et al. 2008), CATCHMOD(Wilby and Harris,
2006), GR4J (Puspalatha ef al., 2011), PREVAH(Fundel ef al.,
2013), HSPF(Schultz et al., 2014), SWAT(Park et al., 2011,
Jeong et al., 2013) 59| o] AGE Il Qltk 2 ATolA
A APgS 18l SWAT 233} VIC 23S AAskqick

SWAT 2&-2 u]=t 574 5 1A (USDA Agricultural

o



71Epslol WE Mo

Research Service; ARS)2] Jeff Arnolde] oJ3] 7lEte S
Holt. SWAT mae Belx o]z 2Aate] el 7]
Ay BEOFEA] A3, AA S T3t A2l AR It "5

™, &9 755 HLOfRt: SWAT 2g2 A #o= &Y
o ?LE—’SW- ZF el HisiM=E FUe EFFT EA

[e)

;

HAEE AEete] U e de o
HRSTH], HRU)E LEgich whha] SWAT 1
LA EO| a4 ZF HRUERE Ro)Z ), m9]
9] Tk fFolwke] Hrk oA Z
AAPERIAIZH ALY SR 8l HRUSZHE
o] FBlwo] SlEFAS B 7 &f
t}. shpe] HRUOJA 722 olat x| H2s, &

. AT ]3}—’? ?% o, Alskr, 5 e]—/ﬂ'%]:

d
m

:
i
oo N
y 2 rlr

B omy oft 40 &L
fd

%o & ro
N
e
f—ér

A

=2
%
L

o2
i 12
1A
of
lo
B

[

12 e
q:Jso

NI
ol Jo
L
i)

2
>~
t
rlr
Ay
i
off
alll

i

o
Jo |
M
o
X
mlo
4
ok
'r—_%_/‘
I
0a
N
&’,
2
> ol
10
B

i

ok
¥ I 9,

l;ﬁ
H
i

ol oX
i rlo

=2

of Hl ot
>~ A
NS

Pcpl 4 ET  HRU

Lower layer Q,

(b) VIC
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Table 1. Statistical analysis of hydrological models for each basin

Hydrological model Basin CC (—) RMSE (mm/d) ME (—) VE (%)
Chungju dam 0.89 3.05 0.80 =0.07
SWAT
Soyang river dam 0.92 3.04 0.82 —19.12
Chungju dam 0.83 3.90 0.69 3.31
VIC
Soyang river dam 0.89 3.36 0.79 —6.65

Correlation coefficient (CC) = SS,./ /55, %S5, 89, = 3,(0.—0)($—5), $5 = Y,0—-0), 85, = Y,(5—5).

Root mean square error (RMSE) =

31(0,—8)*/n, where n is a number of data.

Nash-Sutcliffe efficiency (ME) = [},(0.— 0 —Y(0.—$)%1/33(0._0)%.

Percent error in volume (VE) = 100x(}}s5_Y70)/Y0.
Where, O is observed flow and S is simulated flow.
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Fig. 5. Probability density function of observed runoff
and simulated runoff using hydrological models
and observed climate data.
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Fig. 7. Probability density functions of 30 days minimum runoff in future period.

Table 3. Changes in 30-days minimum runoff according to RCM, SPP, and HYM

(Unit : mm/day)

Basin HYM Period MEAN STDEV. Changes in MEAN  Changes in STDEV.
Reference period 6.2 2.1 - -
SWAT
Chungju Future period 7.2 3.0 1.0 0.9
dam basin Reference period 8.7 32 - -
VIC
Future period 8.0 2.0 -0.7 -1.2
Reference period 32 1.3 - -
SWAT
Soyang river Future period 4.9 2.6 1.7 1.3
dam basin Reference period 9.2 3.1 - -
VIC
Future period 8.3 2.2 -0.9 -0.9
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Table 4. Uncertainty analysis of future 30 days minimum runoff
Chungju dam Soyang river dam Mean
Type 2 2 2
l]tolal (mm ) n (%) l]tolal (mm ) n (%) L][o]g[ (mm ) n (%)
RCM 1.3 5.4 1.9 6.7 1.6 6.0
SPP 3.1 12.5 3.5 12.2 33 12.3
HYM 10.7 433 11.6 39.8 11.1 41.5
INT 9.6 38.8 12.0 414 10.8 40.1
Total 24.8 100.0 29.0 100.0 26.9 100
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