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ABSTRACT

The global water cycle, driven by global warming, may have impacts on natural
and human systems, resulting in hazardous consequences due to changes in intensity
and frequency of extreme events. Climate-induced changes have caused temporal
and spatial alterations of hydrologic regimes, which may lead to necessary modifying
and rebuilding water—resource planning and management in order to adapt to climate
change. Therefore, it is a prerequisite step to understand the alteration of hydrologic
regimes under climate change for sustainable water-resource management in a
system. Assessment of climate change impacts on water resource systems has
suffered from the large uncertainty in hydrologic projections. Identifying the sources
of uncertainty and quantifying the contribution of each component in a model chain
are crucial not only to prevent from erroneous analysis, but also to decrease the
uncertainty in future hydrologic projections.

Global climate models (GCMs) provide the fundamental information used to assess
potential impacts of future climate change. However, the mismatch in spatial
resolution between GCMs and the requirements of regional applications has impeded
the use of GCM projections for impact studies at a regional scale. In addition to
Quantile Mapping (QM), a traditional bias correction method, this study applied
state—of-the-art statistical downscaling methods that preserve long—term temporal
trends: Bias—Correction/Spatial Disaggregation with Detrended Quantile Mapping
(BCSD/DQM); Quantile Delta Mapping (BCSD/QDM); Bias-Correction/Contructed
Analog with Detrended Quantile Mapping (BCCA/DQM) and BCCA with Quantile Delta
Mapping (BCCA/QDM). These methods downscale 26 CMIP5 GCM climate projections



under Representative Concentration Pathway (RCP) 4.5 and 8.5 for daily precipitation,
minimum temperature, and maximum temperature over South Korea. Therefore, six
statistical downscaling methods were employed to generate downscaled climate
projections; BCSD/QM, BCSD/DQM, BCSD/QDM, BCCA/QM, BCCA/DQM, and
BCCA/QDM. This study also presented a standardized evaluation framework for
ranking 26 GCMs using the Technique for Order of Preference by Similarity to Ideal
Solution (TOPSIS). Employing the downscaled climate projections into multiple
hydrologic models that have different structures, this study set up a model chain
that consists of two RCPs, twenty-six GCMs, six downscaling methods (DS), and
three hydrologic models (HM). For the model chain, this study quantified the
contributions of components to the uncertainty in hydrologic alteration indicators
for multi-purpose reservoirs in major Korean river basins, using a variance—based
approach.

The results showed that the statistical downscaling methods significantly improved
the performance in extreme climate indices. QDM preserved GCM-driven long-term
trends much better than QM for climate indices that show a strong upward (or
downward) trend. Climate change projections showed an increase in both extreme
precipitation events and consecutive—dry—day index, which implies a more frequent
occurrence of flood and drought events in the future. This study found that the
spatial resolution of GCM is closely related to the skill of GCM for temperature in
terms of the standardized evaluation framework, whereas there is no relationship
of ranking with resolution for precipitation. This may be a result of low skill of GCM
in simulating local precipitation, mainly due to coarse resolution. Regarding hydrologic
projections, future yearly and seasonal flows increase when compared with those
of the reference period, with the exception of winter flow, which showed the
increasing frequencies in high and low terciles and decreasing frequency in the
middle tercile. This implies that polarized flows (i.e. extreme high or low flows) may



occur in the future during the winter season, which result in decreasing extreme
minimum-flow related hydrologic indicators. Three hydrologic models showed higher
variability in simulating the extreme minimum-—flow related hydrologic indicators, due
to different skills of hydrologic models in simulating low flows. As a result of the
contributions of components in the model chain to the uncertainty in hydrologic
indicators, the uncertainty in extreme minimum-flow related hydrologic indicators
is dominated mainly by the choice of GCMs and HMs ()90%), where the relationship
between rainfall and runoff is similarly high during the winter season (i.e. high runoff
coefficient). For extreme high—flow related hydrologic indicators, the contribution
of RCP’s choice became up to 18% for 7 and 90 day maximum flows. For other
hydrologic indicators, the hydrological projections are associated with high
uncertainty, mainly due to the choice of GCM, with 78% ~ 96% of total variance
for the hydrologic indicators.

The Paris 21st Conference of the Parties in December 2015 set the agreement
of a global action plan to mitigate climate change impacts by limiting global warming
to below 2°C. After the Paris agreement, RCP2.6 has been the focus for scientists
to investigate the impacts of climate change. Dynamical downscaling methods
(regional climate models) may provide different types of climate projections
considering physics and non—stationarity in climate variables. However, this study
employed only statistical downscaling methods, which may project a limited range
of climate variability. Because this study applied lumped hydrologic models despite
the different structures, physical-based fully distributed hydrologic models should
be included in a model chain such as Soil and Water Assessment Tool (SWAT) and
Variable Infiltration Capacity (VIC). Therefore, more various range of models at each
component in a model chain may lead to a more comprehensive assessment of
climate change impacts on hydrologic indicators and quantify the contributions of
all components to the uncertainty in hydrologic projections.
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AU R, ARAFEY, AR, 1121 fERFoE Fosiltt. P2 |
RO 20 Zpol2 Qg ESHAdo] o Atk 7€ A-H(Pulline et al,
201D)E "o ® 7} R FY Wi EAo ot ESHAES & AFolA=
HjAetct. webA & 72 RCP(RCP4.59F RCP8.5)2F 2670 AAFEY, 670 A3A|
SRy, 183 3709 £ERFPOCE 1A% model chaing FASIALE 8 Alu
225 /57l 913 model chain W 7 9AE E3H4S Hgstelr] It W
o7 @AM W spread?] WalE 4ot WHol 7MY ol AREEHI Ut
(Pouline et al., 2011; Dobler et al., 2012). °o] WH2 11 2FF oz ESHAA
= ARt o e ARlo] SIARE 84t AR ARES aE o Qlve TRl 7L
. mEkA B Ao A= variance-based approach®] o149l First Sensitivity
Index(FSI)2} Total Sensitivity Index(TSDE 59 S-S Aslotalx}; 51
o} FSIi= spread® A3} H|SssHA AR 2xke] 4ko] digh 2F 94:9] ®¥slo] whE
BAR] MY EE & 4 Qlot. o|of ¥hef TSI= FSI9F o] 1 849 Hakayt of
Uzt 247F A5A8o] gt JdkS Frldoer 13 4 9t (Saltelli et al.,
2010). Wt 2 AFoA+= FSIQF TSIE B9l model chain W ZF Q40f tfst
FTEATE v HEA 712 E FFEFstaAt skt

oA Ag3t "H“Q‘Q Figure 1.13} Zo] AFSELEE AAISHUTE tHA] Haf,
RCP4.5 9 RCP8.5°] A% CMIP5 7]¥#35} Al
sttt =R 482 sl 7St ARl W EAiste A7 IRAE
d = A8sto] = AASHE 71338t AlueleE A4St B
%‘7}7‘“74]% &9l 2670 Alu=] o] tiet Ml SIS ARSI AAIS
o] JHAEE ARESto] =d TEAY {99 & AluE
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1. M2, 5

22 PYREON olF viFoR 237 SEAS] et ule) WEHS Hershat
sfict. S8 Auelest A7 AXE $9S dehhe model chaing 7
B £ AT AP SEASY vl ASYBSY)) e 7 2o
7ol=S Yttt st

A=TE AR5 2|
; | _ASOS #=7F | | 2601 GCMs |
=2 SyTE
= L= = I IN=
n QE A= L L o 8-
" 1976-2015 = 1976~2099

= BCSD + Quantile Delta Mapping = BCCA + Quantile Delta Mapping
(BCSD/QM, DQM, QDM) (BCCA/QM, DQM, QDM)

» HEofE B AN TE "TOPSISE S5t H+- B PH=F HE

3 AEDEE SN NN OSE AEHEL S M
B2 L ENLIEL B "HAFS 55 J| £H5 S8BT

="RCP, GCM, &' 4Hia/Xs, + =278 = s AEEH FCFHE O A B LS
4524 = &= model chain & & S =44 HEo/(FSI, TSI)

Figure 1.1 7RIS 123t +2AILRIR W =2ty TS ffet B4158
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o} gt 7
[FH8}E Ayl eolA AAEE w7 FAE 9] HEido
5+ ALz gko

2 = 0

AE 7]
By ofd AU AEstfo] wet vl Aol
g W ESHAES 55| 1HsfjoF Tol AZIEI. olof wEl, tefRt 7% 1Y
< A5 -vlstr] 8 199590] CMIPo] AIZE|Qlet, E3E MA|trgo] 7iAE of
Ot 71402 7|SARE #jESIN AeH|n AFE 96 stk 2L CMIP
Phase 5(CMIP5)°lA+= A AlAl 287] working ZLEoIA 7 6170 7|52 0]
CMIPSOIM = AV E, 4%t E971e8 52 11Eslo
S AAste] 210049] d7]s=ol
A5t

A7tetdet. E9]
Representative Concentration Pathways (RCP)
m} RCP2.6, RCP4.5, RCP6.0, RCP8.58} o] 4714 HRA=EE

(Taylor et al., 2012). °] % vz ti7] s F3Hgtol| 717 RCP4.5 (Thomson

et al., 2011)2} as-usual business®] A H7]5EE UElf = RCP8.5, T+ 714

RCPE 7HEt vl 7IFAGELE AFdte AAFEYS dde=2 A5 AA
il

o s}

JHY-Hoew ARE BT AFoH 297 GOME thow

Y%, A, S 5=

s,
S =

I A
FH AZE (Figure 2.1 #X)o Hsf] 71&
of 23 9 skill scored APFSFATHFER, 2015). °o|& HIFoE FFH o= 267
GCM= A3t o™ o|F Table 2.10] AAISHAT. Table 2.12 Y= &2 &
05 Ygdsto] ojH GCMY 7t =24 &gA Tofstes stk
4=

oA 2
Weather Station(AWS)O|A Al&sk= 60071 ©]A+9] 2F 12km S7FATE:

o &
= IF=ATE= Automated Synoptic Observing System(ASOS)2} Automated
ZAHARE AFsta ok 21U AWSE @2 A=X9} tEo] giiE 20004
A=7t 8= SAE o

=
—

ol55E BEo] ARHo] PRk A Y B
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2ALGol= FA-sIth weha & AqtolA= =W 6071 ASOS &3 (Figure 2.2
4 Table 2.2 IRV tFO=2 1973W%E 20159714 474, AXdf 2 A7)
29| FEARE Fgoto] NSt © 2PB7} 5o i A7E sk

4580 e
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Figure 2.1 CMIP5 ZAfAtlz =22 gt SMIe = ZAR—S| (E119°- E135° N29°-N43°)
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Table 2.1 = G0N MEE CMIPS HX 2

No. GCMs Resolution Institution

1 CMCC-CM 0.750 x 0.748

Centro Euro-Mediterraneo per | Cambiamenti Climatici

2 CMCC-CMS 1.875 x 1.865

3 CCSM4 1.250 x 0.942

4 CESM1-BGC 1.250 x 0.942 National Center for Atmospheric Research

5 CESM1-CAMb5 1.250 x 0.942

6 MRI-CGCM3 1125 x 1.122 Meteorological Research Institute

7 CNRM-CMb5 1.406 x 1.401 Centre National de Recherches Meteorologiques
8 HadGEM2-AO 1.875 x 1.250

9 HadGEM2-CC 1.875 x 1.250 Met Office Hadley Centre

10 HadGEM2-ES 1.875 x 1.250

N INM-CM4 2.000 x 1.500 Institute for Numerical Mathematics

12 IPSL-CMBA-MR ~ 2.500 x 1.268 Institut Pierre-Simon Laplace

13 MPI-ESM-LR 1.875 x 1.865

Max Planck Institute for Meteorology (MPI-M)

14 MPI-ESM-MR 1.875 x 1.865

15 FGOALS-s2 2813 x 1.659 LASG, Institute of Atmospheric Physics, Chinese Academy

of Sciences
16 NorESM1-M 2.500 x 1.895 Norwegian Climate Centre
17 GFDL-ESM2G 2.500 x 2.023 . . .
Geophysical Fluid Dynamics Laboratory

18 GFDL-ESM2M 2.500 x 2.023

19 BCC-CSM1-1 2.813 x 2.791 Beijing Climate Center, China Meteorological

20 BCC-CSM1-1-M 1.125 x 1.122 Administration

21 IPSL-CMBA-LR 3.750 x 1.895

Institut Pierre-Simon Laplace

22 IPSL-CM5B-LR 3.750 x 1.895

3 MIROCS 1.406 x 1.401 Atmosphere and Ocean Research Institute, National
24 MIROC-ESM-CHEM  2.813 x 2.791 Institute for Environmental Studies, and Japan Agency for
o5 MIROC-ESM 2813 x 2791 Marine—Earth Science and Technology

26 CanESM2 2.813 x 2.791 Canadian Centre for Climate Modelling and Analysis
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Table 2.2 =L 6071 ASOS ##=H

s HEAY 2 =YY =2 338 0| [Ele. m]
1 90 £ 38°15° 128°33° 18.1
2 100 e 37°40° 128°43° 772.6
3 101 = 37°54° 127°44° 71.7
4 105 Us 37°45° 128°53° 26
5 108 M2 37°34° 126 °57° 85.8
6 112 21 37°28° 126°37° 68.2
7 114 sy 37°20° 127°56° 148.6
8 119 +~H 37°16° 126°59° 34.1
9 127 Ea 36°58° 127°57° 115.1
10 129 At 36°46° 126°29° 289
1 130 =0 36°59° 129°24° 50
12 131 & 36°38° 127°26° 57.2
13 133 CHH 36°22° 127°22° 68.9
14 135 =g 36°13° 127°59° 2447
15 138 Lt 36°01° 129°22° 2.3
16 140 et 36°00° 126°45° 232
17 143 CH 35°53° 128°37° 64.1
18 146 s 357497 127°09° 53.4
19 152 =tt 35°33° 129°19° 34.6
20 156 &5 35°10° 126°53° 72.4
21 159 st 35°06° 129°01° 69.6
22 162 =g 34°50° 128°26° 32.7
23 165 == 34749 126 °22 38
24 168 7 34744 12744 64.6
25 170 s 34°23° 126°42° 352
26 184 M 33°30° 126°31° 204
27 188 gt 337237 126°52° 17.8
28 189 M 3314”7 126°33° 49
29 192 s 35097 128°02° 302
30 201 4zt 37°42° 126°26° 47
31 202 4E 37°29° 127°29° 48
32 203 0F 37°15° 127°29° 78




S SN H2 =Y =9 338 =0/ [Ele. m]
33 211 21K 38°03° 128°10° 200.2
34 212 = 377417 127°62° 140.9
35 221 M 37°09° 128°11° 263.6
36 226 2 36°29° 127°44° 175
37 232 Mot 36°46° 127°07° 21.3
38 235 =3 36°19° 126°33° 155
39 236 S0 36°16° 126°55° 1.3
40 238 =t 36°06° 127°28° 170.4
4 243 0ot 357437 126°42° 12
42 244 Y 35367 127°17° 247.9
43 245 == 36°33° 126°51° 44.6
44 247 = 35°24° 127°19° 90.3
45 256 ] 3%°04° 127°14° 74.6
46 260 g 34417 126°55° 45
47 261 ot 34°33° 126°34° 13
48 262 =3 34°37° 127°16° 53.1
49 272 = 36°62° 128°31° 210.8
50 273 =4 36°37° 128°08° 170.6
51 277 4 36°31° 129°24° 42.1
52 278 oK 36°21° 128°41° 81.8
53 279 aall 36°07° 128°19° 489
b4 281 I 35°568" 128°57° 93.6
b5 284 e 35°40° 127°54° 221
56 285 2l 35°33° 128°10° 33.1
57 288 e 35°29° 128°44° 1.2
68 289 e 3247 127°52° 138.1
59 294 A 34°563° 128°36° 46.3
60 2% o 34°48° 127°55° 45
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Figure 2.3 = 770 T=H & 2IX|
Table 2.3 & 7 =" K954
o Uhie i S5 22 pEl
(km?) (mm)
AU 2,703 1213 0.60 1974-2015
&Y 6,648 1222 0.58 1986-2015
o= 1,584 1136 0.53 1977-2015
2ol 1,361 991 0.44 1993-2015
25 930 1373 0.54 2001-2015
ST 763 1315 0.50 1975-2015
U 1,010 1428 0.37 1991-2015
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2.2 SAX OAAI2E J1Y

Fum et al. (2016} 47F4] Model Output Statistic(MOS) W< ARgsto] 7z} B
S vH|wsk= A5 6] 0% Bias Correction/Spatial Disaggregation(BCSD)
P 7|FARSY X 9 StERC £2 A%E UEWth ES Bias
Correction/Constructed Analog(BCCA)= ¥€18]& W Atw9] Z7HiES 13 4
A7) Zoll ¥ Wi TR ol £ ZE AAIsHITE E3F BCSDLF BCCA=
713 W3 Ay o] sl H-EE o] GARHE 7 SARE FATE o= AlEsta
AtHNemini et al., 2011; Thrasher et al., 2012). dl& &°], NASA Earth Exchange
Global Daily Downsaled Projections(NEX-GDDP)o|A4l+= BCSDE #-8-5fo] A A|+o]
tish 0.25°(=25km)2] shd=E ek A= ARsstal Uckhttps://cds.nees.nasa.gov/
nex-gddp/). HESF Downscaled CMIP3 and CMIP5 Climate and Hydrology
Projections(DCHP)°IA= BCSD2F BCCAS 8835t W= o] difsf JAlete Aas
Al 53kl o E 2P YRR E E-goto] 7|THItE Q19 v A E S
A|ASkAL QJt (http://gdo-dep.ucllnl.org/ downscaled  cmip_projections). & HLof|A]
= FHelF oz EilshA &8E1 = BCSDRF BCCAE 71EZQ1 AAlgtigo=

Agstel Agstit gk

2.2.1 BCSD

BCSDE FHx GCMY] 7|$AHEE £23 £EEF AGAER AREsH] i 74
TEITH (Wood et al., 2004). 7] W42 Figure 2.49}F Figure 2.5914 AAIgH
Hio} AR E Hg o R AESAEE GCMAAS] sid=s EREAIZ] & Figure 2.5%
k2 QME B4l Ho|®E(bias correction)E AASH & Ho|EAH AIgHS ThA|
Fog A7) Walolnh. Z|EAloAM s AtRE ddeE QM F85l]

ARIT7E A7] YA Al7HE Edfl(temporal disaggregation)s gt 7Hgo]
a5ttt T3 GCM Aol A AdA|Sketaizt shz HHARF O Z HIEA7]= B
Aok a7t wAYeE] Wil Z BRAA A tHA] scaling factorg B3l thA

W BAsies AT 283

Ny

r
M A rlo

£
=
U

e

b

ol

o
29

& FEs7] Ydll Abatzoglou and Brown(2012)2 GCM9] YRI=E



A o7 AAstslr] Yl daily BCSDE AAISHRTE. Daily BCSDE GCM YAt&
H=Hof| BE 5o 4307 F7HE Edf(spatial disaggregation)E AA]
T QM= A-&sto] Ho|HASH= IS AXA Het o]k o|f-= BCSD7} of
d SDBCZ E3%7]% SttHHwang and Graham, 2013). 18t} 2 AFoA=
daily BCSDE BAZ oz BCSDZ AstuA+ gich thA] ©afl, o]Fof AAsH=
BCSD: daily BCSDZ 2jw|gtc},

1 TR

» Bias correction » Spatial downscaling  » Temporal downscaling

I v

Aggregate observation

Gridded observation data to GCM scal Calculate changing factor Temporal disaggregation
data —> atato scale >  using bias-correctedhis. by applying changing fact
(historical period) (historical period) GCM and fut. GCM or to daily time scales

\

Disaggregate the changing
factor to observation scale
(i.e. interpolation)

Create CDFs of observatio

GCM data nand GCM and gquantile
(historical period) map

Apply the developed

GCM data guantile mapping to
(Future period) future GCM data
Meonthly scale —_— Daily scale

Figure 2.4 €K@ BCSD 48 PAIE

bias-corrected forecast variable derived from station obs.
. -— obs. r_il*;trllz:"_ ..... o
| ol ; - E =
E‘l_ﬂ___ . ::._‘ F; . _»‘. r é &:
o 2 Z W
é = __ _\ 7 -:Iin;aiie E ]
] : %S month AL s =
o= i % M - dis trib. g =

time (months) percentile

climate model forecast output from climate model climatology

Figure 256 BCSDOIM HMO|EMS 2fet OM 2FE(Wood and Lettenmaier, 2006)
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Figure 2.6  Daily BCSDOA| HO|2HS 2fst CDF S4uty

Daily BCSD= A&7} obd dAtEE AREstel QM= 283t Htt. o5 3l
g A oFF 1599 dARE ARESte] GOMT ARSIl Het FAHU =

(Cumulative Density Function, CDF)E @/Jsto] QM= Z-83slo] Ho|H Y-S AlA]
StK(Figure 2.6 F=). Daily BCSDE= IAI=2E 24 ARESto] GeAAILY S AlA]

571 "ol 71& Ho%l of vls 1 37t GCMOllA sk 715Akm E4° o &
ARHA AR E S Qdeks Aol itk TS FUSH YRR E ARSI TR
T gEE o] QM A8shs AR ARESHA =t ol=et A% At EASA
o] WAsl= F¥7t TF A ?‘:]'(Eum and Cannon, 2016). & €°] 1¥ 31¥¢%}

20 AQ slEalo|Avt Yz BIittH A& T2 CDFE AR Eo] %
EAE/o] EAYSHA ﬂl‘} 27} . 18y Figure 2.6 Z©] moving
time window ¥41& AR&Sh= ﬁo‘(l)" ojZ|gt &AL tiet HHZ Eg]ré}‘jl g
TR AEAES S5E5] W = Unk o]e} BlEo], A A Y47t CDF
oA HAE7] wZof] AALHA FAFF-Loll it H=r} A= EHE &zl Aok
(Hwang and Graham, 2013).

2.2.2 BCCA

BCCAQ] 7V 712411 7Hg82 Ao AR 7]=ufjglo] mlafoflA AAHE =
Zo|t}. o]Zgt 71 stol| A BSAEL) o1 GCM 7|13 1t JHBAE o
Skl GCM =2 44" 783t ofd=258 &8sto] AgAlgtel AREsHA Hot
(Timbal et al., 2003; van den Dool, 2003; Diez et al., 2005). GCMol|A A=



Sdenz, 2003) library#t E¥= ISHE F Ho|EAEH GCMY| SXHdT FARE
t=9] A JSYPHZ ARESte] AdAgtol] &8 7P AP ofd=E1E FAst
A "cHHildago et al., 2008).

BOCAAE S} i SEANE, 3 A Wl we 40 i

O]E@% /‘E]/\W_ﬂr. A AT hbrary = MOIH@% GCM.J HHE%JJ— ° 2)5k

e AEste] opd =205 FA5H ek GCM =S 71 &
£ Bl B4 ofgR21 A= AAH libraryet 593 9] ERAAR A=)
Agrlo] 2FHo g HASHE X=7E AHASH HrkFigure 2.7 #X). Maurer and
Hildago (2008)= 3¢t 2L A% E predictor® AR o 7P &2 A= Y
EFHS AAISHATE ESE 7]&olE anomalys AAIERIE oY Maurer et al
(2010} anomalyEr}t HolHAH 7|35 E It& AFRS AL A5 w2t
A 2 Atolis HolEAE I, A ¥ HA2EE predictor® ARSI

Library of OBS coarse patterns
GCM target coarse pattern
“ dayg1 year) ; (+/- 45 day window, all years)

L

Fl Fe f i Fl
dadaaa

Corresponding fine OBS patterns Downscaled GCM target pattern
from N best coarse OBS patterns (1 day, 1 year)
%uaaaﬂa
LW PIIID
AV EIT
Gauaae

‘NI
Y OBS Y GCM

~
-

Figure 2.7 BCCAIFY DAL (Source: http://climate.northwestknowledge. net/MACA/MACAmethod.php)



| IRAIE Biet MR IE JHY R 7 IRHRIS Uofet pANE YT AIME L Sty JUt

BCCA & 48 ox2 Yehlid #HolRAH GCM 7|$At=9] Steat 71
FARRE t=0] A ISHE (Zop) T 2AAIT (ADE T4 A 2,13 Zo] EATH
(Zoew©l o=t

Zeorr ZovsAa 2.1

Moore-Penrose inverseg A& 4] (2.2 &l JAATE 2= & AUtk

1

Aa: [ (Z;bszobs)_ Z;ba

Zeem 2.2

el
o2 =

< Qusto] 12 APHZ ou|itt. FeEF
(singular matrix)°] RWIHsHA| @AY}
= A 4 A %‘jr. °]§ s28st7] flsll &2 AtollA= iz gl 22
Foi5k= ridge regression 71¥(Tikhonov et al., 1995)& Z-&5t3th. GCM
g 7 ARE Bof D2 4] 2.29 ofdR = ERAAYAE &

sto] 4] 2.3& Bl HSAQ ASkE 7IFARE A "ok

ue 18
foo

oo o pg

oo

Y sown=Yal (ZowsZoss)  Zows | Zacm 2.3)

7|14 Y= AAH librarye] 53t 49 —‘-%‘Z%XH% 71324725 25 Y own
2 MM ARE YERdT 2 dAFolA= A AFSE vReE Zo] =W 607 ASOS
T=Ho| diel AAMSHE AAISHAT

oF FollA] 91Fe BCSDS BCCAAE QME £ uﬂo}ﬁ%—}% AN
AAE o HSAE 49 5] Amo] BF e
=01, A= 4% £ dFolM= Gumbel 225
AT 7123 o] A7IFAI7E A5l Yehute 713359 S o]
o] Ak AE-E0] “variance inflation”©] ¥HA¥sHIL o2 QI8 GCMOA F=d &7
FAE d=oks A7 ST Maraun et al., 2010; Maraun, 2013; Maurer
and Pierce, 2014; Eum and Cannon, 2016). £3] 7|93} A=w& At 45
Figure 2.83 Zo| A7|5A] =t @4do] AA AYstHHagemann et al., 2011;
Cannon et al., 2015; Pierce et al., 2015).
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(a) GCM-projected relative change 2080s

(b) QM relative change bias 2080s
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Figure 2.8 QM| 2Jst H7|FA| =532l o (Cannon et al., 2015)
1 : 1 .
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0.8/ ==-20TH 0.8} =="20TH 0.8 ~="20TH
—215T —_— 15T —215T
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E § 4 Future
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0.2 bias 02 mapping 02! preserved
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TMAX (*C) TMAX (*C)
Raw GCM After Epoch After Bias
Data Adjustment Correction
Figure 2.9 DQMO|| 2fet H7IFME Hifeh HO|2Y Al

(http://climate.northwestknowledge. net/MACA/MACAmethod.ph)
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olgigt A7|5A = FHot7] Yol Hempel et al. (2013)2 7] €%+ ¥s
I gEo] 7|$Hg 7 AHHAE FAE 5 e HolEA 7HE AAISHH. olet
tE0] Biirger et al. (2013)2 Detrended Quantile Mapping (DQM) B4 53
iy 28345 39staat skt 12y DQM2 Hempel et al. (2013)%} =Rk
THE Ao tigt A7IEAle 18T 5 JAARE St oie A SAle 18T
T gitkeE ©o] Ut olE EYSH] {dl Quantile delta change®} quantile
perturbation methods 7} A= AA|TE o]= Ho|H o] E|Z] 2 7| T oA A
AAd A=7E I &85 HOlsson et al., 2009; Willems and Vrac, 2011;
Sunyer et al., 2014). Quantile Delta Mapping (QDM) Ho|E A3} B &0 Hat
T oflEt S XSSt He B85l titt AVIFAIE e 4 =S 2ok

EtHCannon et al., 2015; Eum and Cannon, 2016). QDM O|220 & [i et
al. (2010)¥ Wang and Chen (2014)°] AFet equidistant/equiratio methods2k
ZU3}A% Cannon et al.(2015)2 QM, DQM, QDM v|wsto] 7|HEE GCMO]
A FeE A7IFAE Gt & fAISHEA] HlI- 2ASIelH. & AtolAs A A
TE DQM¥} QDME E5F &gs5to] Ho|HAS AAlsI3 e olzjt DQM¥ QDM
of tish Rt AAls] Aestalat gt

71&9] LREAL QM A AAFEGOA EoE A7IFAE RHgs] A ¥
% DQMoI sl Adrgstaat ettt 94, dRbAQl QM o= 4 (2.4)9F At

Ty () = 33 [ B {0, (0)}] 2.4)

047]/\1 2, z,, ()5 ZZ vlg] Al7E oA Ho]EAo] o]Fojd My} 5.9
= UEHHL £, e IZ27I7HES AAFEE S 55 AdE U5 e
o F(:;,lE TAZIZE S BAEARS FA D=0 ‘3@4“% ERdATE 2](2.4)°1A4
pe projections /= BA7IZME, mE AATEEGE, o= B5S Uepdth. 94 o
Hek Hie o] Qs 918l d5= Gumbel RIS 183 7 %01] fafrls AE
HE(normal distribution)& AF&s] FHH gH2 AREsth 2 B0 wi7fHe=
R FH ArE Sl APESIH. Ty 9IS Qi 28 0% GCMAA Ho
g A7IFAE Bi(Ees B)EA Zoske @] Utk

o3t A7|FAE vt Ho| RS 3t WrHoz 24 (2,52 (2.6)7 &2 DQM



2. O KiE 2 g

g2jo] AAIEAH.

- E’m I,mﬂl,.'}(t> E,,

z,.,t)=F,, [F,,,,, ,,{ o H —"2 for precipitation (2.5)
x"’mp Lon,h

SEm,p (t) = Ez_hl [En,h{x,mp (t) + (Ermh - 577:,4))}] + (Em“p - Emuh) for ‘[en‘]perature

20

AN z,, % z, = 44 FATFEEE B3 A5E 7171 v7Ize] B
& e 42.5)% Aol A8HA 4 (2.0 710 Agdrhs HE Fosfor
gt &, s 71271k E7Izkel gkt Hekes
& 283t njE Amo] EARE A7IFAIE Tt ol=dt gL Figure 2.9°0
A Adgstal Ak Al A HA 3L 71E713Q0TH)H vE7IZH21ST)9 FAE

E3] AS HoiFal Qlok 2|3 F A 22 717z vE7Iztel it

F3te] Aol wlgfAzol Hgsio] A7IEAL AAR vleiRiRo] et FHUEsk:
2 wojZT ek w9 1L detrendedsl FAUETSE} FAREARE Bo
Hol R 4E ATE HolEw itk ofF AFVA=R 4] (2.5) Ei= 2001 A v}
o} o] ®olwAE o 71E0] AAR H7I2A =, A 0 vErIe] Bt
o] Aolg FeAY Halod HEA vlE ATAeles AgsA = ol
DQME w4 mlgle] Bito] tigt 471RA Hhele S AT 23ko] digt 241
sl Hhela 4 ok o)tk

7|z S # IS4, Bt 5o AVIFAE 2 RHGs] Hs 71E1%E
o713 BE o] HekE R 4 3= QDM 7]‘%501 A=A ol 4
2.7 & L2 vREIZRE] 2944 (r,,, )0l tidt A7 1710 292 Hle(An= APERE
2 4] 2.8). &, o] Hl&2 o= she] E9eol it 71=717 w71zt o
g HleS Quidtt. S22 olET vle2 o A7IFAHeE 15T O AR
229 B A (2.9 Zol F 717 915 AolE ARSI

Tm.p(t) = Evl,p{xrrz,p(t)} (27)

"l vy {Tﬂl P (t>}

mh{mpt}

413

A, (t)= for precipitation (2.8
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A, =F, ., O} — £, {r,.,t)} for temperature 2.9

T3 4 2,109 Zo] A7t B BEgo] 71903 LHASACGSES Fof A
olA(z, )& AAFT 4 Q11T (212042} Zo] Holw A= gl A2 vl
o MRS v 2L FoAG Uk WAOR PAE MgsA Hrk

'io,h = u h {Tm P ﬁ)} (2].0)
z,,,t)=z,,t)A,, () for precipitation 2.11)
z,,,t)=z,,t)+ A, () for temperature (2.12)

o2t QDM ol tigt olshE T=mstr] f1sf Figure 2.10& AAlSISIT: °l&
i dde] A W 29 4 (2.82 2.99F &8st WERS(r, )l tEt 1A
717t vl 7179 Bl An)S AFEshs BHE AAlstaL itk alE 591, B 712
AR (xm,,736.5°C)° sl 21(2.7)& A&ste] WEFE 4PFsHA "ot o] B¢
T 0.997F Ht}. A7 B4 GCMEFONA AT A7E 53] 5L HES
of &&dh= % & F,50.99)=28.55 AA =1L <7t obd 7]20]B&E 4](2.9)
AEPE g A= 8.00] S Qu]sit} Figure 2.10 shdof AAE 1YL o]F
] 2.100~(2.127F A&== IS BARLL Qirh &, BSARE B9 54T H
of thgk gl F, ,(0.99)=22.6& A5t o]df 7]&0] AH Ans 7RIS}
2] (2.12)5 AH&Sto] HEARl theAAd"E %ko 30.6°CE 4A €t} ol=gt 1}
S BT WESpo] A&stA "ot Aol AS, 710 AREE A (2.9)2F 4]
(2.12) B4l 4 (2.8 4] (2.11)= thAlste A}a‘l P%l ok oAl Dl ko Ao
A ELet gholl tigt A49] B9 An 36.5/28.5=1.28°] = AAskd A= 7, ,
= 22.6 x 1.28 = 28.92 7 Hr} wetd ALY L =5 ZojEH TE Hos
o] S W & k= AL 7L Qltt 2 AFolA= Cannon et al. (2015)
o A9} Zo] QM, DQM, QDM HH4lS E3) 2006-2035 (2020s), 2036-2065(2050s),
2066-2095(2080s)2} o] 371A] ul7]|zte] thgt 7SS Hhste] HolHgS
stelom o|E BCSDF BCCAO| &-&sto] Figure 2.113F Zo| 6714 ¥,
BCSD/QM,DQM, QDM3} BCCA/QM,DQM, QDM AlA|5to] H|wW3t%HoH
Aol Al AAISHA 2 model chaino] &-&35to] AAStE o Aeo] mE £

> o > mlm -|>
1o
&

O
e
o
1r
N
E
O

19 e JlN
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2. 9 X2 Y Y

2.3 SAH SMelZd GHA R Tl 2MZE0 et 72Xtz Tt
2.3.1 O=slsl WA 3=

CISRE 7151 go] gk AJEet B7HE fleiMe Tt AEE Alsd 5= Sle EE51E
H7HAAZF B a5ttt Hayhoe (2010)= 4667] Ad9] =52 53l climatological
biases, correlation, variance, extremes, persistence®} @°] 5712 JFo 2 FLEs}o]
At o] wWE 71 xtm 7S AAISIH o] HEo], AFEEA ' dFAE
4% National Climate Predictions & Projections(NCPP)9] evaluation
framework working group®l4l+= Hayhoe7} A4S B 7}7‘1] AolA B& A3ASE H7EAA|

S ARSI, 53], SRV 9 718 AR 3 A 52 AXISIAH. o2’k Hayhoe
2} NCPPoA AA3E B7HAAIE vigez & ‘?i?mﬂ/ﬂh Table 2.49} Zo] #=ohd
F7HAIAE =011 dAlskd GCMARRE 718kt ol8 B 4l time-series

related, distribution related, multi-day persistence, extremes, spatial structure2}
o] F 57| B7PIEE AXISIAT A=, Hd " 2A7123} o] 7|3 ' 57HK]
371710l A&t B7HA H(indicator) & AASIAT AMSE B7HA #+= 2 World
Meteorological Organization(WMO)olIA AA5Fal Q1= Expert Tem on Climate
Change Detection and Indices(ETCCDI)gt= 373 A |5 ARSI O Table
2.5004 Z+ A= AHE AAIotgtHZhang et al., 2011).

F 2409 A7 ARREIGloH 7 wiedE XY 3 HALwel BRE A5E 7
ZF 70Y) A7h AR EIGloH oo HA2E HEQF B A4=2 DTRI GSL&
ARSIt HE AFe AEE ALEGH g 50, SUs 9% dFdeE
(TMAx)ﬂ 25°C oAl Y45 oulgitt. 9 2 3117]L# ETCCDIZ AW 25°C ©]

g A4(SU), AW 0°C olst L(ID), HA7|(TXn), H17]&(TXx), 10EHAHE

ofst Y(TX10p), 90ERIAHE ol La(TX90p), 4 6Y A% 90EFIS ol ¢
(WSDI)7} o]- &%t} o]Fo)|4] WSDI& warm spell duration indexE 2Ju|o}H
AW A5 6% ol 7IE717He] 90ERI ool A&H o fAH YSE 9nFith
A HA7|ATMIN)Z} #HE ETCCDIZ W 0°C ofst ¥<(FD), AW 20°C ol
U4(TR), FA7]=(TNn), 1171 2(TNx), 10&EAHS 016} U4(TN10p), 90EHA
A} olA} A(TN9Op), A& 6¥ A& 1089 olst d4(CSDI)e] Utk WSDILF
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- O

CSDI= ZtZt Z2H3F S319] A&KU,E 9ueitial & 5 ok E3F o A 7|3t
F7| 2o} #HE ETCCDIZ DTRY Growing Season Length (GSL)7} QI

= Aol g5t

Table 2.4
RMSE2| Euclidean distancesOil 2fof A=

HojlA Hg7120] A4 68 ol 5°C oS |AT A R

Bl 7E7E 12¥€0)A Ba7]eo] A% 6 ol 5°C °JskE FAIRE A @71A9 U=

= 70N ARE BxstE F7AA. 2 E7HKIE W ETCCDIE 2t XES| St H 2M0i| CHet

Evaluation method

L PRCP TMAX TMIN
Criteria
Indicator Evaluation Indicator Evaluation Indicator Evaluation
method method method
PROPTOT Distance of U Distance of 2D)] Distance of
SB RMSEs from the D RMSEs from the TR RMSEs from the
perfect value* DIR perfect score DIR perfect value
& &
Tmrw;a?;;les Tau**, annual  RMSE o tau  Tau, annual RMSE of tau  Tau, annual  RMSE of tau
average between average between average between
observed and observed and observed and
simulated values simulated simulated
values values

Distribution Distribution of K-S D statistic Distribution of K-S D statistic Distribution of K-S D statistic

related values values values
Multi-day ~ CDD & CWD WSDI CSDl
persistence
Distance of — -, Distance of Distance of
Ei?j:y RMSEs from the X RMSEs from the p&“: RMSEs from the
Extremes R95pTC¥T perfect value TXI0p perfect value TNIGp perfect value
R99pTOT TX90p TN9Op
Spatial RMSE of spatial ~ Spatial ~ RMSE of spatial Spatial RMSE of spatial
correlation correlations correlation correlations correlation correlations
Spatial between stations  between between between between between
patia observed and stations observed and stations observed and
structure . . .
simulated values simulated simulated
values values

" BEZO Ofst RMSEOIZR 02 fnfg

**. Mann-Kendall tau



Table 2.5 = SH0IIM AR ETCCDI

ID Variable Description Unit
SU Annual count of days when TMAX ) 25°C Days
D Annual count of days when TMAX < 0°C Days
TXn Annual minimum value of TMAX °C
TXx TMAX Annual maximum value of TMAX °C
TX10p Percentage of days when TMAX < 10th percentile %
TX90p Percentage of days when TMAX > 90th percentile %
WSDI f\n;(t)ﬁ]l (;oelizé r:); |Says with at least 6 consecutive days when TMAX Days
FD Annual count of days when TMIN < 0°C Days
TR Annual count of days when TMIN ) 20°C Days
TNn Annual minimum value of TMIN °C
TNx TMIN Annual maximum value of TMIN °C
TN10p Percentage of days when TMIN < 10th percentile %
TN9Op Percentage of days when TMIN > 90th percentile %
s ?T(;ﬁ]l ;c;igé r(;filgays with at least 6 consecutive days when TMIN Days
DTR TMAX  Annual mean difference between daily maximum temperature °c

&TMIN  TMAX and TMIN

CDD Maximum number of consecutive days with daily PRCP { Tmm  Days
CWD Maximum number of consecutive days with daily PRCP = Tmm  Days
PRCPTOT Annual total PRCP in wet days (daily PRCP > 1mm) mm
Rx1day Annual maximum 1-day precipitation mm
Rxbday PRCP Annual maximum 5-day precipitation (PRCP) mm
R95pTOT Annual total PRCP when daily PRCP > 95 percentile mm
R99pTOT Annual total PRCP when daily PRCP ) 99 percentile mm
SDII Annual precipitation divided by the number of wet days mm/

day
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S At #E ASeEe F 7719 ETCCDIE ARSIl d+3--d
(CDD), HH3-d4(CWD), A74FHPRCPTOT), Yt d4HRx1day), 54
B (Rx5day), 95 E9IAME o139 & ABRISPTOT), 99 E9AHY ol &
BFFRIIPTONZ HJsi3ltt. 2 A7olA= EE ETCCDIE Pacific Climate
Impacts Consortium (PCIC)°lA R language® 73t climdex.pcic package
(https://cran.r-project.org/web/packages/climdex.pcic/)E& AR&sto] AHYsIA
T Table 2.49] 7} A|#+= 4] (2.13)3} o] #E3HE Bt W ZAHgIe = AFSHA
om EESHE ol tigt Euclidean distance (3] 2.149)Z ZF x| st H71E A
AlSFoAE

Hs = Ko 05— 0y

bp—=— — » Op— (2-13)

Ho g9

D=/ up+oy 2.14)

A7 1yt ope BESHE Bt 9 2ARE QJulstal ol At s ¢ o= 2 BY
I T=3S YeRdth 183 D= Buclidean distanceS YeERATH

232 PR SN DS S5t 49| 2

£ A7ME Bum(2015)9014 “dAleizg ] Bl B7HE sl A8 TOPSIS(Hwang
an Yoon, 1981)2 Ar&5t9Itt. TOPSISE alternative™B 2 AP E Atsld H7EA| 320
7158 53 g tO 2 5197 best} worst solutionS 73t} o3t solutionTt
Z} alternative2}e] AE AHYsto] AAH alternatived] <95 7Hsok= W Eolc},
ol2fgt Tt AarTF o R QIS il YAl 5| AMEEo] THChung and
Lee, 2009; Jun et al., 2013; Lee et al., 2013; Zhou et al., 2012). Eum(2015)<
B7PIEE T TSk A7Esto] 47HA] AdAIStR e digt SAe9E AP Skt
TOPSIS 71§ A3k & AAl] gt Mgt FH+= Eum(2015)F F=Rs5}7] vt
71& A= 7hsdtoll gt £2 2 Aol tig R A glof gt Aol
2 ESAAS EoHA] Z3cks ol itk Eum et al. (2016} 754kl w&
AEAY ESAAEE Es] Aol Bt TReat 282 skl +d g2
AASIAE. £ AFolAE Eum et al. (20103} 5LsHA 7154k A7 T Aol

e



2. O KiE 2 g

oist ESA4S T1281] Y3l 57FA] 7ER O] tigt 20,0007 7%k 282 A5
o} ohA] ol 20,000714] 7Hsak 28 B9l 2670 GCMeof| thet -4<=91E TOPSISE
E

0
o) FYSIAT PHENE BEES AN,

e

(¢]

24 R IPHHs =
241 HEY 42R=E Y

2 dAtoies A AAZeE dy 8=y = HE5P(umped) 7=
(rainfall-runoff) 2§ % wj7f¥49] 7f7t o2 2 ZE 7HA]3L = GR4J,
IHACRES, Sacramento & Al 7H] 2g-S Aesto] 8513t} Table 2.6 o3t
Al 29| w7 HSE AASHT

A HAZE= Y 71 wW7ESE 7 GR4J (Perrin et al., 2003)E ARE-SHITH
GR4J= F 7K A& A(store), = production?} routing storezh= 5 79 A34A
£ ARERIY. A4 production storeolA= 4, A 9 EF0IM Y EFit 5
ARt T84 routing storefAE F 7Y @9 FF &= (unit hydrograph)E At
Bok=tl FatEE 9112 HiERt £ 90 %ol sigshs T2 slow flow= YA
10%= quick flowZ 45t routings AAISHHLe Moine et al., 2008).

5 ¥ 2o = [HACRES X3 A785t=1 Catchment Moisture Deficit(CMD)
WAL ARSSIATHCroke and Jakeman, 2004). & A7oAe 2LAta Al A
AFgE A APgsto] AR Zo)7] wizell Table 2.60014] AARE HIRE Zo] F 67119]
sy F 5 12 AEsl] S7iY miidatle thdeR RS ARSI
IHACRES-CMD= tff @A fresa/d8 Hoke J&op] Hetl fa-e32 o2l 79
FadHe AAge 2E B9l AL Akt F-8F2 GR4JANIALE FARH
T AFA(parallel storage)E 7 SIS ARE5I] quick flowe} slow flowz
TR

OZ 9O & Sacramento 2¥(Burnash et al.,, 1973)2 & 16719 ui7fi4E 7t
AaL lo] & AFoA AR R T 7P B2 WSS 7 Qe &2

o

Ao A= 167] Wi7i¥<4: = Shin et al. (2013)3 Zo] 137] w740 A

Ao

-
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At Sacramento HPL EFFT AFGE, AEFE(surface runofl), F17E
(interflow), 7} 7|A-+Z(supplementary base flow), F 7]*-5-&(primary base
flow)@t Zo] & 5719 FE84AE F/AE0] Utk o] HPL ths FXRE Hof =
soil tank W EGTREYS 1LE6iA F F&°] 24 ARF= ARR=E 1

gal 7|ARE0] & ol 72

FEFo 2 ke THPodger, 2004).

olg gt Al 7] R 22 Hydrological Model Assessment and Development
(Hydromad; Andrews et al., 2011)°]] &J8ll R languageZ 7iit=]lo] @AY http://hydromad.
catchment.orgs 8 2ZAAE F7)5ta ek £ ALo|A% HydromadollA A2t

L 9P QAT A 7H) 2R BEte] VTG A SRGFHIE WAL,



Table 2.6 2 G0N MEE I +E2HO| I 7 F HY
Parameter Name Unit Range Description
GR4J
X7 [mm] | 50 - 5000 | Maximum capacity of the production store
X2 [mm] | =15 -4 | Groundwater exchange coefficient
X3 [mm] 10 = 1300 | One day ahead maximum capacity of the routing store
X4 [day] 05-5 Time base of unit hydrograph UH1
IHACRES-CMD
f - 0.5 - 1.3 | CMD stress threshold as a proportion of d
o ] 1 (fixed) Tempergture to potential evapotranspiration (PET)
conversion factor
d [mm] |50 - 550 | CMD threshold for producing flow
5 [day] 10 - 1000 | Time constant for slow flow store
& [day] 0-10 Time constant for quick flow store
V% -] 0-1 Fractional volume for slow flow
Sacramento
Uzt [mm] 1 =150 | Upper zone tension water maximum capacity
UZFVM [mm] 1 =150 | Upper zone free water maximum capacity
UzK [1/day] | 0.1 = 0.5 | Upper zone free water lateral depletion rate
PCTIM (-] 9'8010001 Fraction of the impervious area
ADIMP - 0-04 Fraction of the additional impervious area
ZPERC - 1 -250 | Maximum percolation rate coefficient
REXP (-] 0-5 Exponent of the percolation equation
LZTVM [mm] | 1-500 | Lower zone tension water maximum capacity
175 [ 1~ 1000 Lower zone supplementary free water maximum
capacity
LZFPM [mm] 1 = 1000 | Lower zone primary free water maximum capacity
[Z5K [1/day] 88; | Lower zone supplementary free water depletion rate
0.0001 - . .
LZPK [1/day] 0.5 Lower zone primary free water depletion rate
PEREE ] 0-06 Direct percolation fraction from upper to lower zone
free water storage
. . Fraction of base flow that is draining to areas other
SIDE H 0.0 (fixed) than the observed channel
RSERY [ 0.3 (fixed) Fraction of thg lower zone free water that is unavailable
for transpiration purposes
RIVA -] 0.0 (fixed) | Fraction of the riparian vegetation area
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2.4.2 Ot 29

HydromadollAl= ©hdRt 2289t ofyz} w7 =482 As3tstr] gt
HAJFE Agolal St} olF & AFolk= Shuffled Complex Evolution(SCE;
Duan et al, 1992, 19935 &&slo] WS 461000k SCE 2 simplex
procedure(Nelder and Mead, 1965), competitive evolution(Holland, 1975),
controlled random search(Price, 1987), the concept of complex shuffling(Duan
et al, 1992)7 22 ] 714 ®Re] A2 2edsto] ZidsiGick. SCEol Higk olsiE
7] Slsl 21 daElEs aviichd vt Z. AR o= ARt dizliis He
WollA initial random populations AAA711L o1E E 7 complex® WHAl Hrt
o}7]1A complex= T2 ABARE 4= Q1= parentS H-939F sPUQ] Fdto g H FHok 7}
complex°lfe AL &3l 53R s WH Hil 5 =gZo® sk
complexs= JHEE 37517 #5ll 5] population® & AolA| Hr}. o]2gt 17go]
EATG7L o] HAY FEEESIR] TEsks 5 ARAPE ARt
F w71x] BEEEe] 229] siE A7dsHA Foh

E AoME 4 (2.152F Zo] Nash-Sutcliffe Efficiency (NSE; Nash and
Sutcliffe, 1970) &} W&o 215 F3t logarithmic NSE (NSElog)2 44 HZ

T4 AH83tel HABE WAL

stop condition©]

n n

':Z<Qu,’i,_ Qs‘i>2 Z (ln Q{).i_ ll'l QSI)Q

minf=—[1— ‘= — 1= (2.15)

n n

Z(Q{)J_ Qs‘i)Q Z(anu.i_ln Qsl>2

i=1 1=1

o71H O REHS oulehi WHA 0% st BEZ} B ouish A o
52 02 F A5E JuidTh 4 215014 A WA B F2 F4710) TS

=
5
o
<
)
rot
=
=
i
Sl
.

Be gfatoln] % WA FEL 24710] Agg] e vl
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Table 27 DDl 248 2 2452 9t & R 7|
Lioix| 7Zi2 Oiphets 2500 AlgE

P

I2 7S s 2EE 2l ARZSIRCH

Catchment Name of period Period

Andong HP1 1977/01/01 - 1987/12/31
HP2 1987/01/01 - 1997/12/31

HP3 1997/01/01 - 2007/12/31

HP4 2007/01/01 - 2015/12/31

Chungju HP1 1986/01/01 - 1996/12/31
HP2 1996/01/01 - 2006/12/31

HP3 2006/01/01 - 2015/12/31

Imha HP1 1993/01/01 - 2003/12/31
HP2 2003/01/01 - 2015/12/31

Juam HP1 1991/01/01 - 2001/12/31
HP2 2001/01/01 - 2015/12/31

Seomjin HP1 1975/01/01 - 1985/12/31
HP2 1985/01/01 - 1995/12/31

HP3 1995/01/01 - 2005/12/31

HP4 2005/01/01 - 2015/12/31

Soyang HP1 1974/01/01 - 1984/12/31
HP2 1984/01/01 - 1994/12/31

HP3 1994/01/01 - 2004/12/31

HP4 2004/01/01 - 2015/12/31

Yongdam HP1 2001/01/01 - 2008/12/31
HP2 2008/01/01 - 2015/12/31
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5 $EOIXIO} SEHSKIS

ISt 7SSt AU E A AET Al RPN dEste] dRdTol
gt 71995t GRS Table 2.8 AAIRE 237F4] =21 K hydroligic indicator)&
ARgste] BrEstleh A 7IPE EAIAR] Hi'E &, ARE 7] 5= ®
dst7] st A4z 2 AHoA= The Nature ConservancyollA Al&sk= R
package®t TE0] AREF E ALRETOl Het A+E 716t 2RS4
stelnh. QA 719 RsE AU 7t Algste 1975ERE 2099E7HA] 4Hg st
AoH olF Fx7ITH1976-2005)T Al 7S HH7IZE &, 2020s(2006-2035),
2050s(2036-2065), 2080s(2066-2095)& F-E-ato] HAS AAlstglon wlZ Al
71242 7+ P1, P2, P3= 7|5tk AMJE 2QIAtol Higt mi=f 717 ®isdE
EA5] -?4'5]1 B AFoAE= £EHSA|(Hydrologic Alteration Factor, HAF)E
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2.6 Model chain Li MM X2k}
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3.2.2 BCSD VS BCCA
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