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Abstract

The spatial resolution of the climate models currently used by
CMIPS5 is still insufficient for regional regions or countries (such as
Taiwan) in assessing the impact of future climate change. At this time,
in order to overcome the limitation of the lower resolution of the climate
models, the application of the downscaling method has become a
necessary approach for studying regional climate.

The statistical downscaling method is simple and requires relatively
fewer computing resources. Therefore, this method has been widely used
in climate research in various regions of the world for many years. The
statistical downscaling method when applied to the downscaling of future
climate projections, assumes that the statistical relationships established
by past (or present) data will remain stable in the future. However, in
recent years, climate change has become increasingly serious, and some
people have begun to question whether this premise assumption that can’t
be verified (in the absence of future observations) is still valid in the
future. Therefore, this study uses the "perfect model™ experimental design,
this experimental design used high-resolution model data (dynamic
downscaling data) instead of observation data in downscaling (because
the model can simulate the future part) to verify whether bias corrected

climate imprint (BCCI), bias corrected constructed analogues (BCCA),

v



and bias corrected constructed analogues with quantile mapping
reordering (BCCAAQ) this three statistical downscaling methods can
comply with the above that premise assumption when applyed to the
future projections downscaling and compare the performance of different
statistical downscaling methods in the present and future periods and the
stability performance in these two periods.

The results of this study show that the BCCA method underestimates
In intensity on its daily precipitation results. By contrast, the daily
precipitation results of BCCl and BCCAQ are similar to the original
high-resolution model data in terms of intensity and extreme precipitation
indices. As for the evaluation of statistical stability, it depends on whether
the ratio of the mean absolute error (future divided by present) is greater
than 1. If the ratio greater than 1 indicates that when the statistical
downscaling method is applied to future period, its error will be greater
than that applied in the present period, which also represents a violation
of the above premise assumption. The three statistical downscaling
methods (BCCI, BCCA, BCCAQ) validated by this study all have ratios
greater than 1, among which BCCA is the largest, followed by BCCAQ,
and BCCI is the smallest. This also means that BCCA performed poorly

on statistical stability, and BCCI performed better.
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4"§’{)"§?‘<—} Bl PR T S(f L) aE b L Hp i
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L% LA WL MR R B T ehE B B p g A £~ BCCI ~ BCCA ~
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Fod L RTH AN FRFIE(F T EREp AR
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(rxlday)(H = mm) - Bleht $d 23 - 4 55 R4eB 347 RS 4 % 2 &
74 ~BCCI ~BCCA~BCCAQ "4 = Btez2 S % chE A~ H pria g » BT
d 23R ARG MR R TR E B« B prsa £ - BCCI ~ BCCA »

BCCAQ ch @ 354 | 4 vt > %75 Bl #77|ch= BlcE~» % 52 & B~ T2

B 5-12 WRF-MRI = = B4 A KpPFH R RS2 PR 258 R40F 347 A H

SR A BRI (F BT ) sha Rt Hp Ea
(rxlday)(E = :mm) - Blent £d 23 L 485 R4 B 217 H 4 "5 2 &
S0 BOCT ~BCCA ~ BCCAQ ™ € & 52 &% chis 2 B p % 4 £ » Fle 2
d 23R4 WG MRS T ROES S HEpia g -« BCCI ~ BCCA ~

BCCAQ =3 :H‘;?—i'ﬁ Al ’-"Lf‘”ﬁ Bl b ér7|ehz BHcE A~ %W 5 /] B~ T

B 5-13 WRF-HiRAM B4t TR A M AFHE R RS2 p A 2% 8 R4

fEiT R A R T AR BRTH(F BT g A H P

(rxlday)(E = :mm) - Blent #d 23 L 085 R4eBfETR® 4 2 B

TR VBCCI ~BCCA~BCCAQ ™ ¢ R fs2 Bk enf b~ B p ' a £ o BT 4
§ L3 LPIA R KRR R RS T enE B A B p A £~ BCCI ~ BCCA ~

BCCAQ e $F3 4 7 A vt » 94 Bt 957z BHEA W 5 d] &~ T35

Bl 5-14 WRF-MRI R4sfos  FARINA R AFHE R RG22 P ¥R g% B RinB 2

FRE 4 % RTHAR FRIS(f gIo)baidb Fpiad
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7 ~BCCI ~BCCA~BCCAQ ™2 = Rfdz BhehaE b~ H pria g » Bl 2
i 23 LR A s KR RN TR & B B p A $ - BCCI ~ BCCA

BCCAQ ch @ 354 | A vt > %75 Bl #77|ch= BlcE A % 5 & B~ T2

Bl 5-15 WRF-HiRAM R 4s#os FTHMA A RFHE R RS2 P 258 R4
fRiTRE A R RTHAM I PR IE(f gTHe) gkt Epda g
(rxlday)(HE = :mm) - Blent £d 232 L4085 4B 217 H 4 "5 2 &
SV BCCI ~ BCCA ~ BOCAQ ™ € R 52 i % chit S X B p % £ » [ ehT 32
d 23R4 H G KRR S T ROES S EpEa g -« BCCI ~ BCCA ~

BCCAQ cn @ $135 4 | A > %75 Bl #77 |z BlcE A N 5 &) B~ T2

B 5-16 WRF-MRI o diost L300 A kP ™s & B 52 p 5 & % & 4o 3 j2
RBP4 E R TR AW PRI E(F E ) e b A Ep A E

(rxlday)(E = :mm) - Blent 2d 23 L 285 4B f27R® 4 F 2 B

74 v BCCI ~BCCA~BCCAQ ™ ¢ R fs2 % ehE b X H piia £ Feh 42
b 23 4R MR R TR e B < B p sia & ~ BCCI ~ BCCA ~

BCCAQ eh:@ $H38 4 F A vt » 904 B #77]eh= BHc®A B 5 bo| &~ T35

B 5-17 WRF-HiRAM = © 36/ L Apsdp v © R 152 P % A i % 2 R4sd f247 R
Bl E R RFHE AW PR TE(F G shERA T p AR R

(rxbday)(E = :mm) - Blent 2d 23 L 085 4B fEITR® 4 F 2 B
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B 5-18 WRF-MRI = = BIMARAPFHE R RS2 P 258 R4n3 347 A&

PR RTRART BRI EIHE)EmER T P AfERE
(rxbday)(H = :mm) - Blent £d 23 L 485 R4 B 217 A H 4 "5 2 B
74 ~BCCI ~BCCA~BCCAQ "4 = B2 % EEH AT P A% & 5 Bl
TR IR AN MERARSTROER ST P AHFERE

BCCI ~ BCCA ~ BCCAQ 3@ $t35Z | A ¥ » 73 B! #77|ch= B#cE » % 5 &

Bl 5-19 WRF-HiRAM = = RRA A kP 2 RS2 P ¥ g%k 2 Ring 247 A

Bo4 R R FH AR BRIIS(F BT ER T R
(rxbday) (¥ &= :mm) o Blent $d 2 2L A5 5 RAsF fRPTAS 4 % &

4L ~BCCI ~BCCA~BCCAQ "% = Rz BhmeEah T p A f'E
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TRY L ILRAY L KA TRAER AT P AAEAE

BCCI ~ BCCA ~ BCCAQ e 352 | A v > #75 Bl #7720z BHcE A B & &

B 5-20 WRF-MRI = = B384 AKRPFHER RS2 P 258 43 R AF

PR FRART BRI IS hmEaR T p AR
(rxbday)(E = :mm) - Blent 2d 23 L 085 R4cF 7RS4 F 2 R
742 ~BCCI ~BCCA~BCCAQ "4 * Ris2 %% e kb~ I P Aff% " & Bl
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R EFTAH BCCI ~BCCA~BCCAQ "2 = Rtz S5 heEdh I p Af%"AE >
BlepTd 232 Rl A s KA FRPEE AT P AFEA E -
BCCI ~ BCCA ~ BCCAQ g #3542 | A+ > 73 B #77|eh= Bl » % 5 &
B 5-22 WRF-MRI 4ottt Flen A AP = Bis2 p A s & Rin3 i3
FrRE A ECRTP AR FRTHO(F EEHE)ShER T P LfEA
¥ (rxbday)(H = :mm) o Blet #d = 3 L AW 5 R4eB 3T R E 4 " <

B 38 “BCCI~BCCA~BCCAQ ™ ¢ B fs2 % eni b~ T p A% A

Ik

' #
TR I LR A YL ME AR T ER ST P A ESE
BCCI ~ BCCA ~ BCCAQ e:d 4324 7 »~ v » #75 B+ #77)en=z Bl » B 5 &

B 5-23 WRF-HiRAM B4t FHMA AR E R RS2 p A 2582 R4n3F
Bl AR A SR AT AR BRTH(F T EmEbh AT p AfY
# % (rxbday)(E = :mm) » Bt #d = 3 L 4 W5 R4eF TR B 4 'E
RARFH BCCI~BCCABCCAQ ™% = Rtz BhaEdA I P Af%aE
Bler™#2d 23 4% 5 MRS TRPER AT P
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FiRF S ECRTRE AR BRI TS mEadk T p RHgEA
¥ (rxbday)(H = :mm) o Blert #d 23+ A% 5 R4oB fFi7 R & 4 "% <
B A ~BCCI~BCCA~BCCAQ *% = B2 %% ehE B I P AfF* s & 0 B
TR 2 3 LR AR EEERTRERSE RO EER ST P AR E

S

BCCI ~ BCCA ~ BCCAQ & #3582 | A+ > 73 BIL #77|eh= B#cE » % 5 &

£ 6-1 AFTg #r ¥ ez fE % 2 & 3 % (BCCI ~ BCCA ~ BCCAQ) s * »%
WRF-HiRAM & WRF-MRI = % R84 A KpFHprE = R {52 P "% & % &2 R
BT RS S F R A AL B AT R A o A0 SRR chiic
W 5 & WRF-HiRAM & WRF-MRI i&% e FAlend T 351 #118 » o d 47
:}I;ﬁ%fli%\» B R RIS R4S THIMA L G - R o, 134

% 6-2 AR F e hz fE R © R 2 2 (BCCT ~ BCCA ~ BCCAQ) Jis * %
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¥-F #73
i E MR 7 FFE S 5 2 F (NOADH > 23k T 308 F andids 2 478 r o &
3 2018 syt A7 0 2ITIOF R EF T &4 pRagT & ¥ 16

I BEEZAEL 2016~2015~2017~2018~2014 & > s L < g & ¥ LR
po1998 E2 (8 > Ae FiTE R F itRE S R ¥ E B2 TS G B 4 DA §
GHRBEAR AL -FTFREFTELAFERBITT LR LB UMLK
DI F IETIOE AR AR T P IR Y E R P LA PR E 2 (Y

CHRR CER R E)AARA AR LR AR P HMERMF ¥
Byl % 7 & B ¢ (Intergovernmental Panel on Climate Change > # i IPCC)
32012 # cnSREX4F 2 ¢ dp e T B F 2 F nif e 1 F % g X P T E R
Beeee Rz FigRitn BER1I-1) 2 AEFTELLFAE 73E (Union
of Concerned Scientists){?4z SREX #F & @ #8 J% M@ p - R #-5 %
RRAHBEA I FEEORLBRE Y FR LR LY - BRI L (F
1-2) » Bl¥ By r e d 2 e ZHRBFE (BUR) B FERF ~ R a1
Eie R ot A7 F i RBRERGEARFT E PP A IR e o A BERD B F R
BV B AR 2 B 0 AU 7 B ehit &k & i/ (Representative
Concentration Pathways » #§ # RCPs) A k& B i A K ehf F ez i > v
b B R OR i i P v 282 & (Washington et al., 2000) 5 @ & 3 § iF #3¢
(RCMs)BE R e ®e st © B F B 5 AR e cndF iy ibat 4 - e R85 3% % ks
£ AR 3837 & (Theme Sletal.,2010) » popF » % & B 3 fh:,\ AR A KRR
FIFEAFEOER S E

* &k R I (RCPs) (g 2 wrdp e Bk R e 1V Az ) 5 [PCC 0 % 1 =3

1


https://rmets.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Jakob+Theme%C3%9Fl%2C+Matthias

20 RN REHEI A A k@B alFs > A w5 RCP2.6RCP4. 5
RCP6 4= RCP8. 5 » & 1145 8435 16 4 (radiative forcing) # 2100 & 22 1750 & 2. &
L PR TR E R E AL o 2Lk & L5 RCP2. 6 PR AR F R
TN ehfgidasie 4 A 2100 £H 41 2.6 L 0 @ RCP4. 5~ RCP6. 0 22 RCPS. 5
RIS &5 T3 0 2 enfgsdsgi 4 Anli4ed 4.5-6.02 851 « hige A%
# 5 RCP2.6 3 9 1t j 48 el st (5 535 18 4 4 2100 & % 8 > 48%) s RCP4. 5 &
RCP6. 0 /G 2 iniF B (f4aa 16 4 chsg it & 2100 # T s i) s
RCP8.5 A EUE % 4 #% A e (F55ham 8 4 & 2100 & % 45 F 3 4o 48%0)
PR E ZXTEGRL B R e TR L ROFR e BB TR E
BRI R EEDREEFHER FEFRBE TN {0 F B
RO F BN AHRERE S e Y & BRIPHBRT R DA
AEE AR PR EI L RBDTTAF I LR T F L
R o R o B Ripu RCP st e idE 7 Ap g A i sieid 4 R wimg H
F R Z e F R F A RAP B iR A o

B+ % # CMIP5(Coupled Model Intercomparison Project Phase 5)

B g b5 /9 “U*ﬂ—'\"‘lg&l% * RCP r TR T 3_,%)%,3@ /:’-‘f{: i
fa e ecficst e 310 2100 # > 2 RCP2.6 8 ? » = % itk & ¢ 3] 421 ppm

RCP4. 5 13 ¢ it 5] 538 ppm ; RCP6. 0 15 ¢ i 51 670 ppm: & RCP8.5 KBl €
#3936 ppme Am 020195 1 pE ety pRfy VL2~ 4 (MaunaLoa
Observatory) g Pl Bedklir > B~ § ¢ - § Cpk R @ &3] 415,26

ppm> ® p 1960 # Rk oA F P - F CRERF ERE @R F 95 0.6 £

0.1ppm> @ 4 + & » = §F (kA & 3 & ud 5 RIS 2. 3ppn 4 AL



§1960 & 5 ksS4 F ¢ s F R BURR B EERHE L B g HE
AR AR PR T AT AR MR R R T A KRR G R
SRR A SIS R BACSE Y RCPS.5 R enk & F B4 FALIE 7 ¢
# 4 *% = B (Barnston et al.,1999)" ;2 & ’”ﬁe’ # %8 # FH#:% (General
Circulation Model » f§ £ GCM) hjg+47 B 12 18 B 345 B chf e fe FTA4L > o
it r PURITE R B T (e D B YRR i AS S 2RI B ) F
B AHER EREEE RO R F RS0 B TR S REGY R R R
SRE A RARAHERAE EORN D cFE T R REF ERS
(Regional Climate Model - f§ # RCM) #-GCM #7fachi< 245 & § i 4afp 3oL 1%
SR ERREE R NEARE A R RUEFIETADF GRETHR A 247

ARG TE A EFSE ANe g S IR P E gty o 2P A

I
g

HEWRERNLF AR OB A F B LB T Y I AARE 2
SO AR Flt Tt GO & ROM 7 38— fdds 4 H550 o gt 2 2 iR R Bt d
WHGNE 70 A F I i 2 B4 AR F HOT R S S A e TS
PGE R fER o X AR g2 77 1 (Wang et al., 2008) o @ H A & bk
B EZEAEPTREEFTRIETIRE I RAEEAERE > R e
WEECFT R ARRL N EHNAR T AT AR EFERAERE R S
N S A

#35% < & (Von stroch et al., 1993) 7 i Rl A dgd B2 £ 3 opLip] 4L &

FERRAEE B PRRTE I P E A AR A s LR E Y

& wenit M % (Wilby and Wigley, 2000; Chu., 2008) » & % pt i3t B % % *



WF R A R R TR ) B AT E HF R A 2 S e
fh A B AR R T e R AR 2 bRl o

PORIES AR R R B AR F G RALAT R A B R - SRR R

BIEFED 2 R F W A Tl LR KRR TR T BB EP AR KRBT
Fo N Tl e lic2 FF v s FIG cndL3 B % A AR T RSB T E ARG
("perfect model" )37 %% 3+ (Dixon et al., 2016)F1* B f#47 & s T4 &
FRABRITRPEBITR Q70 K32 RBERIE R 2 AR MY
ST RAL AT E S IS B T AE R R O RAR S T T R
ki o

MR AR R R e E 0 2014 & < TR R EE ¢ (Pacific Climate
Impacts Consortium » { # PCIC)iz % 4v &£ + B fjdk I 3F £ ek 2 fgagt {4 =
prbti2 (BCCAQ) Pt 5e3t ™ R R 2 2 % BB TH A E WA R GG
SE Y BRBZBR e FA 0 A Z Baoe s E 5
(1) ¥ g i 1+ (sequencing of events) — ETCCDI(#&:% § i 45 %)
correlation
(2) fEena # 225 & (distribution of values) — ETCCDI
Kolmogorov-Smirnov D-statistic (K-S test)

(3) 7 B %4p(spatial structure) — spatial autocorrelation
ZBg w7 E PCIC #1% 22452 2 » B G % 7 itk < g » 0 4
AR FT LT B R ekt R * R 2 2 (e BCCI~BCCA~BCSD) % #4+ (Sobie

et al., 2014) -



Bl 1-3 % 5 PCIC tedR &4 iadp b 0 = B A G » #1id B enig 2 (F A v)
WA e Set ' R R R A IR 0 BT TR ehE 2 Fs? %F_qu AL T Rk
QWAP 7 5 BCCI > & o 1™ 4 1 » B2 BOCAQ £ % .5 3 & 45 5 3 i o &
o d o A KR o BOCAQ SR Bt AR A0 A B

21-10] 5 9B 1-3 7 chiesh ™ € B2 2 gk Az B A 196 1l 3B s T
FAM ARG L LL hfhed A9 L7 F A BRBOCAQ AR B 6w 2

v ﬁ\.&;’, , fg_.‘l‘i_’gﬁﬁfggﬁ = BCCAQ mz\ Iﬂaﬂﬁ’»'ﬁ* s m 7\ ¥ 7 }]?.m,A)J_uﬁz 2 )i_g i%

b
P

BEBR e RAF L £ B3 g 4o BCCA chiis £.& 5 ipl ot
NFA FEA S R o FPE A% A (Spatial)m o w b A R E RAF L @

QMAP( 3 BCCD) efviei e 9 e ficst TR p al it en® it 0 2 " 55 & > 7]
P8 il 1 (Sequencing)fe e 4 # (Distribution) ® & b é4 T € #dF ;@
BCCAQ #f 8 # %3 H iz + BIE.% & BCCA & BCCI » & 5 # & 4F mengF i > F)
PEHAZBAYG et EF ASPEAR S BREFAKMISNAR Y Sk oM
PR LR ZRE OIS 225 2 5 (3. 2) R EauEp o
M BCCAQ p L3+ R R 2 p N2 SIS T3 AL #v ol s anit
PRI RTALAZINEY R PES O ERE RS2 % (Werner and
Cannon, 2016 ; Sobie and Murdock, 2017) ; ® W% » =~ £+ %2018 #3171 7 f
B>t s+ BCCAQ fr i & 2i3t*% = & = 72 (BCSD ~ BCCI ~ CDF-t)** Buipl e3¢ £t
PanE RAetE A P Weng 7 3 (Yangetal.,2018) 0 H P - B Al i 0
BLArH A TR LB VR PR A ZHS R AR R NAR Y
- BRI EAY B 7 e endidt iR R OR 2 i3 RN TR erE 2 et

PGS AAATRAY MAKRF GG E R RS o @ Yang et al. (2018)
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BCSD ~ BCCI 4= BCCAQ *# & A& t& enig % £ 'Y 47 45 <> (e 02 B4R k3 BCSD 04
WL & R % @ BCCI v BCCAQ g % futlsh § i 4p iR (ETCCDI) + e sh4p 2 7
PorE- A A B AR 85 4 # (PDF) o BCCAQ "% * Rfder'dm B 5% H
W3 o # p gt BOCL sl % PR T R Tt eh o 230 A R § 1348 o930

> > BCCI = BCCAQ ™% ® R teondi iz 5% 3 ¢ A4 & & A% & 3t s H A% -
WL ot § G A2V AT 2B E A Ao LR SR R RS
EN TR F FHEE T ARG AR OR R EA TR Fpt H ek AR

PR B AP R B A KDL ERE S0 G AP R

Flo @ P AT ARG IR N TE C R D E D ViR AR

&z Az (BCSD) & 2 - @ BCCAQ & L At & » ¥ 5 PCIC g # »va 2 0
vt % BCCAQ 4= BCSD( A J§ 2 & e) s & % JAE 77 BCCAQ < # & IR it
BCSD = Tt A 3 M ¥ "I B " 0 % % 4 (Dixon et al., 2016) /& *
BCCI ~BCCA 122 BCCAQ * = A3 " R B2 2 SR EHE AT T > TIF
% BCCAQ ™% ¢ B 1 enit % &3 % § & & BCCI fv BCCA & w| g4t > 12 2
AEF 2 A& P A & FHET 5 BCCI ~ BCCA 12 2 BCCAQ ¢t = fd stz = & 2
%&@?*%%%@ﬁ%?ﬁﬁ%?&%Wi%%%iﬁﬁ%m{@mﬁim&
B LR TR G UEAT A R F e s PFena 3% K (stationarity
assumption) o @ P w izdRA gt & - (Vrac et al., 2007 ; Hertig and
Jacobeit, 2013 ; Dixon et al.,2016) > BEZA M L A3F G 5" 2 B 2 2 hi IR

P g R R R ch RN R A 5 3 304 > - 304 5 1 (calibration



periods) » ¥ — %4 B 5 %7 ¥ (validation periods) » 12 4>t iy #-pt & J8A 1%

RS iR R BE (cross-validation) s iEm 3FEip AR R OB B E A IR

\_

(Theme 51 et al., 2011 5 Volosciuk et al., 2017) » fe e i ¥ & 2 3705 4u3

-n\v

R FeE R FIREY e BEY N GRAET AT A NES foh &
P F gk R o 12945 Wang et al. (2018) ek~ ¥ ® PP w &R SR L R
REMOFZARFAF - FBIRY FEITRADORLSF FHSRM) FTA A F
27 cpipl AL ("pseudo-reality") » 4o" IR h P Sk ¥ - AR AR
* £ R 21 HB#w("differential cross-validation") » B g E_8-Hp 3w fg &
pr i iE R BREEp A 5 B ok % HF (Teutschbein and Seibert, 2013 ;
Salvi et al.,2016) - @ 4rs @ FF 575 B * iz = Aot T B2 2
(BCCI ~ BCCA ~ BCCAQ)** % & 4 iFefuT  » Tt 247 % £ 71 f2 BCCAQ A * >
ARBAKF Fde 5 Ap ot BCCI = BCCA 4UF & 5 $1® st e o

Ao RNBZFARAEL AR PTHE KRN ZR AR AE 2T B
WEAFGRFEIRZ IR EFEA R OMER RS 22 B RGE- Heh
AAT o AP R e endiit R R R 22 AR TR A e andiit R R OR D E
HAFEIPPLR $T TR ELHF Pz S B2 22 2% Afmgs a

Bt ek BB el 5 B R RS



% FHRAE

2.1 % f24r R BN Fo

AFE G TR hg 4T R B0 TR 5 WRF-HiRAM (Weather Research and
Forecasting - High Resolution Atmospheric Model)f= WRF-MRI (Weather
Research and Forecasting - Meteorological Research Institute)st = f&#i-
B4 E R Repp T e FR(HE momm/day) (e 2-1) 0 HZ FRRTR Y G
5km x 5km( %) 0.05°x0.057) » EPehF i z BBl T = &8 %% (120°E~122°E
21.5°N~25.5°N)» &7 3 #7i% * WRF-HiRAM 2 & 4 % = R TR APy chpr fF 4
1979-2005 # » 2 2 2 % AP (A K8 RCP 8.5)R] & 2075-2099 # cfis *%

Kil™

52 0 @ g WRF-MRI ot & 4 '3 = R Foklena e prdp p) 5 1979-2003
£ E L g RpFH (R RFES RCP 8.5k % 5 2075-2099 # coficse s = B % &
AoFAQAEAJI S ey RSE S R RTHRAF FAEL AP ECRY
B R R RS TR R AR EIT R SRR TA) o

tpt 3 fAF ¢ WRF(Weather Research and Forecasting modeling system)
PAHEARAERERTRY DRPENQGLIERA) B EN IR F Y
P (NCAR) B en® § A7 BRI itk T f@fr R 5 b 22> 5 B
Boett o etedics 380 x 4000 £E S e k5 36 K o BN I Sl Rl T
& (Bukovsky and Karoly, 2009) ¢ 4% ::# % & 4-#ci - # * Yonsei University
scheme ~ #4722 5t 42 * WSM b-class graupel scheme ~ Kain-Fritsch # Z
SHBcit s T Lo AR B 3 * Noah land surface module ~ #§ &3+ 5 B
FH CAM3 ek 2 £ L dg o+ S 8icit ~ £ 5 & o3~ % Al *  Monin-Obukhov
surface layer scheme(H®] 2-1) e ¥ ¢t » 7nig % — w L phiT4 43 2 @ % ZLiReh
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A TR E02008) 4 % BTN WRF B35 “r 4t % BB 3 & (USGS)MODIS
(Moderate Resolution Imaging Spectroradiometer)% @ & 1 A2Af R = & g
fR7 R 3 s i FAL(CTCI) & =@ & # WRF 58 - B & 3mend 3 )

FLT SR (T AT RO

2.2 M fE4T R A T
RETT P MR R SRR FALG A B (dek 2-22-3) > - &5 F R

BB F R Ed CDO st i< p & (First order conservative remapping){é @
#OR A= < R (Coarsen)F®A) » & & R {5 eha whe 4 4 < B FAE T F B R
Bowdg i 0.25°x0.25° (% & 25km x 25km) 2 #b » H @ FLFM (ho: BFF fR47 R
ZEEE BT EFDASE G RS TR - R 5 T - pl L * GFDL HiRAN
Fo MRI-AGCM J 4 s p 3255 & 5558 TR () AE R 4o 8078 44374 ) » GFDL HiRAM
5ERE ARArEE A B 4 @ 4 9 % % (Geophysical Fluid Dynamics
Laboratory, GFDL) 7% & th— B % (347 & 23k = & #5580 £— B 7 12347 2 enfic
9o BHEER AR § ksense 4 # i (Chen and Lin, 2011) > A8 % & * vk 4
(C38) 5 kTfat7R 925 22 (5 0.23°x0.23")2 25454 23k > EPoen
TRBEFRES 8% 2 (120°E-122°E; 21.5°N-25.5°N) » BE R 4 IR 5 70 & pit
B 1979-2003 & > 12 2 & & Rk pEd (K K FH RCP 8.5)52075-2099 # ;
MRI-AGCM B 5 P & # % Baf %4 3 “r(OMAMRD) % B ch jate & 23k~ § #

R TR T R e RS L Bk 0 AT R R A L 3.2 m(Mizuta
et al., 2012) > ¢ HFFHaz BFfEir AR5 0.1875°x 0.1875° (% 5 20km x
20km) » 3 ¥ iE Bey B fopr B § B 2152 GFDL HiRAM R 48058 Fokddp e » @ 247
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’“"f«lpk R RER (F
[ RRERE R s gk S L DI

r—ﬁ'ﬂr{fiagk\% hl-'—ljg "l:frfi*ﬁ_’\"«"‘"[z)i,l_()25xoz5 xvglt
MR R AR FIF 2 - SRR S RPRLF 6 1T RIS RT R

fR47 B LRI TR PR REARS DR R R DI F

BERS TR fob

FOER) s Rl SR RERRL 258 L BFHOZRRITAS < R
0.25°x 0.25°F > ¢ g RFHLE VB FAFF P LR (rER ) 23002 <R
SN S R FIE B MR R P TR - L F LR o AR

N~

A ARG R L B g F 3R 2 P orhd R AR PIRERTER R 2
R AR Y 2 BRI RT ity R

TR T THS TR

E'J‘_’f‘]“‘—é.'-gfé‘é @1?}@ 23N —'}; = B q/‘,? %Ki#jf,@/(‘ff' RROR (S, ;55: L’I‘Jlﬁ E SR VEP S
PR BT VR EARSOTELE L AL AR -
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CEE RS TR

.17 % #

AT G 2R AR R EHN " hF %% (Dixon et al., 2016)2
CRIME D RAEA R B 3-1(b) 0 A b e RN L e

AU R R 2R FAL 0 A Adg 2 T AT P J1r F R R A0

R

AR R R A B R AR SRR TR & A4 ehE B (truth) > FE 0t R R R RAR
BRI RE R E R RAR(E 3-1(a) A TR LR R TR R
T 2 FOR - S RE TR SERITOR 0 ¥ - MR R PRGN TR 5B
BRI - BB A R(EITRRPRRI TR S % R > AP 2
R AR T * enF AL G - B TR OGN TR o BT R RGN TR A
PO FRAT R PRGN TR (E A ) TR R - wd BmF R RO TR LR
A @ADL T RA) @ - B R 4o 7R (HIRAM ~ MRD) (A 425
S RERN FORINA ) AGEE R R BT € FI- BB RTR(JRITR R R A F R
BN TS S BB R 0 @ AT E Y BNV S B AR Fl2 - f 8
WO e e R R IR AT B R T AL ¢ R (S T Bl a0k
R TART R R AR A F R R OEG TR TR 2 Bl TR eyt
R R eTI]2 Bk AT B Ry

AT ZY-FBABD g {TAEBITEGA B RS ERY AR
* (2075-2099 & )P dp (RCP8. 5) sraficst Tl pr » AT o ds 2 At crfg it
(statistical stationarity)(Fowler et al.,2007) > P &0 ¥4 — BP JE = 3
# > (Vrac et al., 2007 ; Hertig and Jacobeit, 2013 ; Dixon et al., 2016) -
MR B SRR TR RG TR F AR AP & A ko
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B RS TR et ¢ R s 0 B R BRI iEsS TR E T PR e M i A R
» B¥FE2 F R gt (Wilby and Wigley 1997) 5 #Xm » i1 # k5 iz @:BigRe
L R AR R A A AR LI S e A - A BB 4 b
LR KBRS B R TSR A R TR T 2R
pARA - R A AR TR TG T L R TR A R R
HOST Aok kB ARES FAL 0 0T P E R R R A P
BHCE TR R AR O I B R LE GO R AR SR A e s
SR AT S A A W
ALt SRR R RN ARPRE > AR LA DF ~ MfE
FRENFAL R Ron @3 §ERRAFD R TR O TR
L TR AT LR A TR A LA RPEE s R B ER
IR AP R R RN T A U E A KRPE MR R RGN T R(E A ) o
—BLARERFEFADESTEA RS F(HAD R RAINA ) ¥ - 2R

A KR EEE B 4ot TR (HIRAM ~ MRD) Cf§ R 4050 TR0 A ) o B 18 7%

"

RSN ARFY DR AR TR R TR PSSR
SR A kpEY (RCPS.5) A o m 7 ¥ L e e & & kphr o'k ¢ B
AR R B A KPR B R R S TR A KPR B R R RN TR
AR Y ik d R A KPR P TR B R i ALY RRA PR
U O R S R St A kpEE (RCPS. 5)ehd ey ™ iE Sa3h R ¢ B pr 2

A kR o
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.25 R

3.2.1 # & 4%k (Climate imprint - #§ # CI)

~

& = ;% (Hunter and Meentemeyer, 2005)2_ /s #4277 = Bl4cB 3-2 > H *% = B %
A 5 B-MUfE4T B BN 98 & BE-T B (anomalies) N 46 T B fR4T A OELIR TR R
o ari R el B BN A BREREYE PSR E f PR R pE R
PF Tt A e o X N RS E B N aueT Bk B RT AR
PIFHE PR § 3TI06 > @ P2 25T L L2 B RSz B% o

P EF AP RESREE p e o F T L EF RAFOR P
Fa I s B RS E 2 & (Maraun, 2013) 0 # H Z R R R R 2
gk g2z 2 et 2 (CA A P E R ol TR 2 B ip g ez B 2
FAE LA P AR A RMETRGEET B RPN IED R TR REREY > @
T EREEFERT R A FP P G 2B R E R R R T B

%1+ (spatial covariability) t ¢ 3R % ¢ # 2 (Sobie and Murdock 2017) -

a4

s AP ER R E2 48

3.2.2 L &1t § i $ iz (Bias—correction and climate imprint - #§ # BCCI)
AR AR X BlAc® 3-3 0 H R v R4 L BF 402 (Climate

Imprint) 78 Fl2. & % £ R Y P H#-F F 802 7E 52 B % fod 317 A R

BIFERTF 2 F e B A AABIASF Y RCDPL G2 BR

% = (quantile)d #3E £ & (quantile mapping algorithms) » R

F 2T R RS o0t 3 R APROT § R A 2 R R AT R RN B RG

G AR BB TR G D M X R T F R e 2 B
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3.2.3 243+ 2 (Constructed analogues » f # CA)

& = ;% (Hidalgo et al.,2008)z_ ;i 4277 & Bl4cB 3-4 » H "¢ = B L4 5 #4370
BB A A RE - 2" a s F A G I 3 E k) 2R 8 X (RMSE) 2 & 45
M RO S F A AR e A KRB APIT e 30 £ (X )D f BRISEHGNET R - KD
BURIT R B F LI &) T3 2B T o fet dpteAs R BoApiT e 30 2 245

BEBIFARDEE 2 L #TR AfFaEER RAMIL(Z )AL 2 B

=]
<l
~zy
4
—
N
W
\a;
B
=l
S~
=
i

b1 aip 30 £ T AL & APt 0 ST T ehig & T

B E B G AUKELRI TR Y F 45 030 £ (R )Apfede R BN TR B ApiTin
FREAFAG T RN RT I AR NRE b St gl e s B 5 A
PR GLY 53k #)PpUR Ty g 30 X R LB RAR S L R F R

AR TR TN RE R RAEA TR T AR T B REET
8

g £ EATI - i A (bias) X H G UTERDIF RBPRAEF BRI
s A% od pPEZRLFALET ¥ - IE%#%’?K%‘{%F;;“%K%EW%&

56 B W PR g BOR RBLIRIGE > T TN 30 (R ODBLRITORPE > » g PHE
ooy BoBERE A B R AP T TP TR R A 0 i g i 2R E 2 i (Gutmann
et al.,2014) » ¢+ > j2 2 it B2 § i a2 (CIF 16794 F 2 Lok o
3.2.4#AL Kt tl‘f#;‘i?' v ;% (Bias—correction and constructed analogues * f§
# BCCA)

ARz AR L BIAc® 3-50 B E O RPEL S ARSI R 2w 0 Ak
B FAfD R RERPI TR M B F XA B H S
TRWF AT RT EHLBE A RGEARE  RRFELARL S RFRSA
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SR O MR SVEEE PR S R AN SRR L R
gt aE a2 (CA) en i 24 BCCT — % > pR A0 #0530 Bl & 9033 o' &
SRS T AR BRI ORGP sg R e R R SRRV 2 T R R 2
3.2.50 FA KR EHFy {4 =p sz (BCCA with quantile mapping
reordering * f§ f BCCAQ)

~ > ;% (Sobie et al., 2014 ; Werner and Cannon, 2016)2 7 4257 & Bl 4- @l
3-6 HrE = BrA 5 A& w0 foplipl 4L 0 BCCA ~ BCCT » 2 6 £ £ BCCI
% K3 BCCA sh % PR PR 2 d P F At a B UL T H#
Wxohd AT G EBE AR PGELARDE  RRFLARE S ST L P g
TR B0 R B B F AR (CDIE A i (CA) & bl i

B X RERTEA A 2R L3 R LR BN

o
=
aR
W
J
e
.
ﬁm
>\_

FrLZes 22 p il LR Q3 22

FRRRERE VO RS a} i A2 (BCCl B 2% #a o & ’f# gt £ (BCCA)

e

SHEPIL B R ROC RO L IR S R L i

‘mlH

FRR 2R i;@ﬁ—«*}@ A4 FF R gﬁ?#‘i,y g >t g_‘m{ RO H LR R

)i
B ENESERA ARG BB EIREF F LRI T DR
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Frif MLRBEFLAH

AT MR B2 A (D RIA S RN TN )R B A v F
FRELAT A G
1. A 4prlE —7F B340 % 8c(Pattern correlation coefficient) »
2. MR Ehp ke LT — TG gL (MAE) ~ 5 4 # BI(PDF) ~ 2 i % &
& # B(CDF) ~ 4" A dp i # B(PF R T 32) -
3. FaF ol —F prEa @pFRF A A4 #c(tine correlation)
AYiBlem Z o e SrF L AFLATRY 2042 F 0 A A A R
PEREGIEG R HE A T IGHEL A b - B RF AT TR
ML T2 02 B A iR A TR T R T F 3%

MOBETTE R RS A A S (H R RIS S RASHEGE T AR )H N e
AT AR o B RIS TR MR TS F - LFR(T LR
) AR S AN TR B GEL 0 T S aE © B2 P ehi & F R
FHAE R RR TIRR AEE LR D 2R D R A T AL
g R s MR AT R - DT HRGormBastE  R Rt (R

PIHER T B B2 P end R Bd tsd T R FRE TRATHE £

PIRBE RS E K LR R E R TR rR 4t R W i R

TIEL 452l ' NS R L
G i Bk fE T o
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4.1 2 FABAPMIEL 2147
$E TR P A T AP Ar s o S pATE CER L WOE
R RETERLDFETATEPFT AP T RS RRETNEE
FoHZRAGEARY Gk onom A AN BT A S S Z R A DM G
B @ AP ArEandp B il ¥ g A Z4p B = #ic(Pearson’ s correlation
coeffieient) » A3+ 5 2 B8 T K40 ¢
T () (im)
JZ L n) ZL ()

RPN i TEA R R ESFEA ) g g RS E Rlx oy enT S

AP Gl (FREET r&Aop) A UE PG Rl FARRM R ER D
Btttk HEAN-I~I 2R CI=p =) § 000 T4 53 $HE L 4P
Mo g o<0PF > Rl&Ta 8k AR > 2 E7R L enip ARk - 7 34
2B Fpl04FF s SEEAM A E 045 0 |<0.THF > 57 BAM ;5 &
F 0.T<[p[<IL P> RIGBARABE - @ AFFF B RiEadp o Tl
B R B R R TR M Tlic * 3o TEZ B[RS TR A ER 4T
5 R AT i IFER RAPM (APIT) o
Part 1 # & B34

Bl4-1 5 2F7 3 57 * ch= f87% Fe ehdi3h 8 © & = 2 (BCCI ~ BCCA ~ BCCAQ)
s * > WRF-HiRAM & WRF-MRI = & B 3cA s A prip »ri@ Flehp "' © R %%

BRAsB T RT A FRATHEOTEFI LAY B8 B 22 RRAFERR

=R E I“\‘7FP-|9"'TJ’ HZ BHCEA B ) B THE R Ed oD 7}@?‘
G BT IERTEk g o 2R ER RGN E T ED0.85 M o
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He ruBCCA ehz FAI R4 B e lics B8 (95 0.98) » # = 5 BCCAQ(H 5

0.93)» BCCI RI# 2 (595 0.885) > = F2 Fendpey 95 0.05 A el % &R

¥

B EATE R RS R M B L H B .
@ Bl 4-2 %5 WRF-HiRAM & WRF-MRI # = & 3%4 jig# >t 4 &k prdp (RCPS. b)#7
EIPp At BREEERLFRITAS S E AT EIULAY &
oo BlF 2 A RSB R E Y RS A BEcEA NGB BT

P -

‘?“

Ao d EAEER A UTERG T RIS TR M = A
R R YAk (RCPS. 5 F AL o B 2 AP A fE AP B Rl i M dE
0. 75 F (B RARM) > #BAARREFD NLIRY F TR oA H
12 BCCA er®s g 5 d = > "2 116 0. 16~0.17 > H = B 5 BCCAQ ¢70.14~0. 15> @
BCCI B m % *% % 0.03~0.04 > F]m @& F oA KpFpis= B I B3 jE ik
FAPEITIAPFEY 5 72 o AR ZF A LAY Gl hT AR B2
1 BCCT & &4+ (% 5 0.88) & = & BCCAC% & 0.81) BCCAQ RI& £ (¥ 5 0.78)°
= F 2 B end gers BOCT #.5 &b 41 » BCCA {= BCCAQ R £ pEf ] > @ HEfpgs i

BARBE (| o [<0.4) 0= BeAp 0 IR (e pr ) o 5 3 4o A% o
BlA4-1~4-2"TE eI M frhA RPFEHE R RSP S THE R4-3 247

Bt 4 R REMg BRI AB e 8RR < IR hlg &

ok
B

3 AP BE T2
WA AT RARM A 5 R SIS Bl AR ARR o e d g3 5K FA
FEg NG AR E R ZTEI PP R R B 2 A AW R EE T

L oAviE St A FEATRGRE S PR 43 TS B4l R Y §
Tiofs et o A d B 4-3 i 7 5 3] & WRF-HiRAM & WRF-MRI &7 747 & 73]
Fke e S o BILAPEY BCCA chy Bl fidp b o PR > A4+ 7 ¢
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FEegia g 23 BICAQf-BCCI RIF & s et F (& F) A RpAL
P E T )RR aagg > £ 0 BCCL 5P & > # &< 2§07 32 0. 06~0. 08

2@ 2 AT A R F L AR DRFIT R A AR 2 B A AP ik

A A TR E d X BT Rk

=1
T
¥
Aol
Joh
3
B
pat]
—%
pac
—h
-

Bt EES AR PR E AR F U RB R AL T R LS
B FHE- LD B ARE (D] ) frh4eB 31T R S 4 "8 R T4 L0
Bl g MEZFAGAPM REPAR > PR FFA HPMIEY ¢ g
PR A ST ERETRAIN BRY RIBFIPHERREHEET
Eas R Y EDGE AL E A GO EART 2 5L
QR R

B 4-4 P 5B 4-2 i ! §FipTigsr@ @ ATy s

A KRPEE RS2 B R D R ATEF0p

*i'n-

%8z FAIGAP M ik
TEF ERFARMRL 0 4 F A RFUF RS 0 7 18 BOCI h4 £ 4p #t BCCA
FeBCCAQ AT 5 B » B &~ RN 5 0.07~0.09 2 fF » @ BCCA chd ~ L JER|F
Z30.13~0.152 > 2% BCCAQ H b~ £ ¥ £ 5/ 0.13~0. 16 2 F > ® =
B % ehd % £ B WRF-MRI 322 4L % # i WRF-HiRAM =~ » @ ot = 83 i3 chd
MAz R AEA BEA YA o Rm o BOCA AR AP oA KPFEp L R € 5§

A FEASRFIANBICAY > 2RI R EFEEA DI FAF gL
FBRTER B RPWSE > A BIRARFY R J 0 AR LAY DF KT
ROESCERE MR RE ZARRIAFLEISERBE L EAGR T
AW ME RS A REBCA ARAFPRFL ~ AR FTNLBERAPE >
PIOOR KPS N AR hF R R B T AL A REFE eniiR4T R
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AT G TR FlA S A R KRR AR LA ko B g A
DRRAFESPFTEREZFILAY BB P o 2 a H3 BOCA A kpE

R AP AR A A EPAEL B o

Bl 4-5 B 4-6 B » W B 4-3frBl 4-4 ¢ b ) & Wi R B2 2 A
Fafei kpFhH 0 FigTioamy BFAIRAPK G gz Bt g2
E e e Bl 4-5 5 WRF-HiRAM = = B 3RA = Azt g3 2 g%
B 4-6 B 5 WRF-MRI = = B¥ve e s > B mifok ki 975 en= Bk
EAN B THE A B D hied BFRY 7 ilipk gk 20
BCCI en? iz L3573 BRI 4p b G dicend IR A RpFd) (ApRT I A pFdp ) T 35
HEHFHFTET0.003~0.004(FT 25 £:3): @ BCCA R T =7T %15 50,16
~0.17 5% % ; 2> BCCAQ PRI L3557 "% 0. 12~0.14 = A ¢ F > d pt 7 WA

A R Ap B il AR e and o BCCI 5 8 > H =t 5 BCCAQ - BCCA 7|
SEAL

B A1~ 42T E RN E A oA RS E R REE P aE i B %2 Rd

B RS S RFRDL G Gl B P S8 T s KA

\_.

B2 A B REE MARARM T BAR A 384 Ed 2 R4eF AT R 4 R R TR
mEAPFGF R A N T Sl AR AR R B 6 IR T ] KR
e B i) @ A AP R ) B S BN et (noise) 0 e TR RO (S 6D
ARG Mot G R A g B N WA AP A S M

(MBEARM) o % > 4ok uapz 2 i(Ciad

%
—_
=}
=}
\
o
Qo
<
~
\l
F-

I L?J‘/‘T,y
RS FEB N R ()Y §RYILE B ER T 297U EE RSP
A S E T A AAAPRE Gl B F U KA PRI AR p H T 5 A R
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HERRUPESE IR BRAADEA S F R frig B o FIP A E A% 7

('r\

T RB T A = lm/day P FEE IR RS L R TREARE N P
% B (9F 67000 % 24) 0 2 SR EEHZ BASE A EAAHES
B p A ke WAl AR M 0 A FRIB 4T 0 4-8 s 0 B 4-T 3
WRF-HiRAM & WRF-MRI = € B354 il tpdy » Bl 4-8 Bl 5 A KpE® > & o

4-TAp g B 4-1 7 v F PR T BT I A =1mm/day PR 0 F

‘m\H

Rk Z EAEAR M e R L (RO AP M) 03 B e ST & A G

HoaflTARES PHESE RS S E T A E M SBhE RSP e L
0.7 (B ARIPM) 2 = Br s BEMI DAY § F 2 augd > B3t
BRREAILE LRAE R om0 A KPEY B 4-8 FF > AP ROTE] 4-2
- RrMAFEY T FAA NN P EAARPYREE A PEE R EEE

AP BB EARLES T P R aFE A 0.4 2 (P BARR) -
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Part 11 R4aficst T84

Bl 4-9 28 3 97 * en= f6 7 Fensi3t % & 2 2 (BCCI ~ BCCA ~ BCCAQ) &
# %> WRF-HiRAM & WRF-MRI Ja 4-$038 Fad3n A S prp #7i8 Bl ehp "2 & "% ° R
BRBRAE ARG E R TN WA AR AR B S A e st <
B> Zam e MRz BEREA S G A B THE AL Eedd 5%
BI¥ g & AP RO R 4-1 0§ MR R R TR B R R R TR R
M R R )F R 5 HIRAM ~ MRT 4 coiost 350 (Ol 45t T304 )3 i

ORGSR Dy BAIAP M P B S e AL B % RS

Ek
‘yaﬁ
AR
W
g
o

B MRPTRES THA A £ - e LU R AN TR
MR AR R R RPEATR R MRT R OGN FARE A A A
gl Fla g St L8 o 23§ H B3 R RS2 AT chd R
BRIV T APEHpE o w2 BCCA ehk I 5 43 0 H =t 5 BCCAQ > BCCI A& £ >
FEE T BFAAAPR GB D AN EAE~Y B B0 AR HAF
FLendf o (HiRAM ~ MRI) 2. B enZ BEfR T = B304 R % o

B 4-10 = WRF-HiRAM & WRF-MRI Ja 445250 Tkt 4 g # » A sk prdp (RCPS. 5)
TE TN R TE R REERE R F AT R TE R TR T A AR M 1R
BB APPSR EaE Y ML ez BHEA B Lo BT
PE B E e SRBAART IR AFD (B 4-9 PR Ry Rt Kk > H
? & WRF-HiRAM e384 » pb = B At 2 B3 2 enT oA 1y 7% % 0. 06
%4 > @ & WRF-MRI h364 » Rl T % g5 59 5 0.07~0.09 # &8 & v &2
BCCA % 4% » BCCI ~ BCCAQ B =t 2 o

Bl 4A-11 P 5 B 4-9 i 7§ i T390 > R4 T304 Il &
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P fes RS R FXRAGAPM REAE FTARMPEL Y T ARRS

&

F_‘-

g > P HE A A Fendpp AR RINA 5 pZ BALTER R R
R b« 2307 5 0.3 =+ > & = Fhd RAF 400 0 BCCA 2% 7 > e
% ;¥ v% % > BCCI 4= BCCAQ -

Bl 4-12 7~ 2 B 4-10 ffdd P § i3 T390 e R4etiost T304 hA K prdp

MRS RAPEY R AT Sd FAPH R E PR G FHRAEE A

)

=

EES UREY & TR R3S 2 e R N T

f | 2
BEABFRETEN0L v RA 02 F A RIS BRI
FIRA 0 AR BA AR M BBk~ 1 3 F i S L ERAR RN IR B

Bl bk A AT 2 BATEC R R BT St A K e < B pE
AL Fenda st e AL FanR L FEmR S GRE ERW{H- 2o
W A-13 oM 4-14 B LHWA-11 foMA-12 ¢ 30 0 & Wlensizt s R %
Rbfok kPP R0 FigT o5y Al G0 M Rl RS BAYE  R S
AR 0 Bl 4-13 5 WRP-HIRAM R dofics® Faien i = f5ee 08 © B 2 2
% 0 B 4-14 0] 5 WRF-MRI e dodiost 5304 chid % > B e & kP58

ez BRCEA B 5 Ao B TIOE A e A AEs BT ST

3

75\"\

#BP\;,m¢J-% &

|
<\

N
i
I

BAFE LR B AR A A RPI DL TIPLT o
fehert AR M A R R F g DT F R LR > H9 BCCL e F
LS FAEAP Y i A KPP (R ECT IR P )R R ies B
T3 i w5 00.059~0.079 5 @ BCCA R34 & ™ ' 5 0.065-0.092 5 %
++ BCCAQ R % 324 %™ % 0. 061 ~ 0. 086 » @ BCCI Aigm mFfle ¥ ® fa > o
BCCAQ =t 2. »BCCA R & ™ "8 & 5 » Flot v i e 7 B3] fi AP B Th et Sea- Rt
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e 1 BCCL % #% » # =t & BCCAQ » BCCA Rl # i » @ gt
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®x e

BPF s MBS R 0 T E A s BRI T A = 1mn/day o HEE *
B @ E IR 4-15~4-16 s % > B 4-15 5 WRF-HiRAM & WRF-MRI /& 45 $5c3¢

TS I P o B 4-16 P 5 & kpEE o @ d B 4-15 PR R 4-9 1L 2 )
4-16 4P B 4-10 7 5 3] 2 APROT A € R F0A 0 BEAR A3 AT E A T D
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e
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fuze
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S
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e
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Boodpd o B RARHGE TR OIS R iGN A e R L b A S R

BEAPH Gl A RRALA DR FLERIIFFLREOPDPERESFHER L =
Bon B R AT R et 4 " B2 B end BerHR o
w4l &ha TN P E R A A A RIS R R T

AR LT AEARY ARARARD SA LY BRARFEY T £F R EF A

P RRR SIS TAIOA S R R R 2 A 0 i 2B A A M ik
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4.2 TG HFL2 0¥

T 325 #4354 (Mean Absolute Error @ f§ - MAE) & #-% =t ip| £ c03 4354
PgH s S R T n BHFL LR R E-E B8 TR
TG ALY NRLARGHEN 3§ NRE f A iR Bl > 2355

AN L EE FPRRIE EFL DT R Flt o TG LY VAR k3

FARAE RSN RS RSP IR ATR AR OELN %o 38 2 g5t

IRV AREE TEAATP RSP EARESERE oy PR E

B A A R AT RS R R ER B THOGHEAE BN E ~
TEEA(0SMAE=S o) @ §f THOGHFLARRITER IR L% R RSP
FEE B PR EITRB A E R P ER TRAR- Rod 4ok T30 HiE A AR
o TEorA F2 Bihd R GRL)AES o
Part 1 & & R4

Bl 4-17 2 AP 3 97 * ch= f8 73 ehiigh*8 = & = 2 (BCCI ~ BCCA ~ BCCAQ)
Je* > WRF-HiRAM & WRF-MRI = ¢ B 3%a &b =@ 2 enp " &' ¢ R %%
BRGFRITABI ECRATHRART RE TS OTIHGHEL B 2 7 F

B R R R B Y ML A0z BREA B A Bl B THEE kA B o

dipEBAF R T E R AL RGBT T I00 0 R RSP R
BEERBIEFASA FATHASEFS(F BRRE)F X T35 4
(BE)ZFE > fien B ¢ FDpnahig s » I aprdy @ L0 BCCA ¥ T
Imm/day 7% £ 5 &) - # =t 5 BCCAQ 1. 5~1. 6mm/day BCCI |1+ $4:7 BCCA
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F B ], 8mm/day 5 £ o AP LTI EAPM Gl Rod e P
FHCRBODEARARE S RLF ARSI R RATHEOEALF 2 E o
BRARM ARG p7 > H TI0G $R Ly g8 o @ LAY ¥ 5 3] BOCA &
B A B S hpEiE 0 2 @ R v BCCI ~ BCCAQ shd + & €37 § o

Mo T R IRAe eI PP BCCA 20 #7071 5 L3283 41384 &) e F]¥ 4t &
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Dynamical downscaling from ~25km to ~5km
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Bias-corrected Constructed Analogue (BCCA):
1. Preprocessing: guantile mapping GCM
bias correction
2. Downscaling: optimal linear combination
of analogues

BCCAQ hybrid method:

+ 1. Post-processing: reorder daily Bcal
outputs on a month-by-maonth basis
following BCCA ranks

Bias-corrected Climate Imprint(BCCI):
1. Downscaling: interpolate GCM anomalies
and drape over fine scale
climatologies
2. Post-processing: quantile mapping bias
correction

Figure 6: Schematic BCCAQ methodology

Sobie et al., 2014
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2003 0.85 0.886 0. 1979-2003 0.978 0.981 0.984 1979-2003 0.916 0.933 0.951

2075-2009 0.837 0.883 0.927 2075-2089 0.754 0818 0.904 2075-2009 0.721 0.791 0.882
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WRF-HIRAM BCCI & BCCA & BCCAQ_output 1979-2005 pr(>=1mm) pattern correlation
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WRF-MRI BCCI & BCCA & BCCAQ_output 1979-2003 pr(>=1mm) pattern correlation
BCCl 0.613 0.903 0.994
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WRF-HIRAM BCCl & BCCA & BCCAQ_output 2075-2099 pr(>=1mm) pattern correlation
BCCI 0.588 0.899 0.9
BCCA 0.385 0.829 0.981
BCCAQ 0.34 =

corelation
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WRF-MRI BCCI & BCCA & BCCAQ_output 2075-2099 pr(>=1mm) pattern correlation
BCCI 0.594 0.901 0.99
BCCA 0.3 0.835 0.986
BCCAQ 0.2120.8230.983
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BCCT & BCCTA & BCCAG_output 1979-2003 pattern correlation
BCCl -0.356 0.359 0.956
BCCA -0.322 0.396 0.984
BCccAQ -0.315 0.359 0.958
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MRI BCCI & BCCA & BCCAGQ_output 1979-2003 pattern correlation
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HIRAM BCCIl & BCCA & BCCAQ_. 207 pattern corr
BCCl -0.361 0.3 0.94
BCCA -0.356 0.331 0.939
BCCAQ -0.391 0.297 0.958
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MRI BCCTI & BCCA & BCCAQ_output 2075-2099 pattern correlation
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HIRAM BCCTI & BCCA & BCCAG_output 1979-2003 pattern correlation{monthly mean) MRI BCCI & BCCA & BCCAQ_output 1979-2003 pattern correlation{monthly mean)
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HIRAM BCCI & BCCA & BCCAQ_output 2075-2099 pattern correlation(monthly mean) MRIBCCI & BCCTA & BCCAQ_output 2075-2099 patiern correlation{monthly mean]

BCCI 0.157 0.301 0.522 BCCAQ 0.232 0.399 0.635
BCCA 0.178 0.331 0.568 BCCA 0.255 0.431 0.661
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WRF-HIRAM & HIRAM BCCI_output 1979-2003 & 2075-2009 pattern correlationimonthly mean)  WRF-HIRAM & HIRAM BCCA_output 1979-2003 & 2075-2099 pattern correlation{monthly mean)  WRF-HIRAM & HIRAM BCCAQ_output 1970-2003 & 2075-2099 patiern cofrelation{monthly mean)
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WRF-MRI & MR BCC| uu!put“?i -2003 & 2075-2099 pm:m correlation{monthly mean) WRF-MRI & MRI BCCA_output 1979-2003 & 2075-2099 pattern correlation(manthly mean) WRF-MRI & MRI BCCAQ_ wtpulﬂ?! 2003 & 2075-2099 W\I:m correlation(monthly mean)
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BCCI & BCCA & BCCAGQ_output 197 pr{>=1Tmm) pattern corr
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HIRAM BCCI & BCCA & BCCTAG_output 207 Pr(>=1Tmm) pattern corr
BCCl -0.36 0.311 0.919
BCCA -0.356 0.336 0.939
BCCAQ -0.391 0.3090.931
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MRI BCCI & BCCA & BCCAQ_output 2075-2099 pr(>=1mm) pattern correlation
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WRF-HIRAM BCCI & BCCA & BCCAQ_output 207 pPr absolute aifference(r mean)
BCCAQ O 3.01 66.67
BCCA 0 3.22 80.75
BCCI 0 1.99 53.48
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WRF-MRI BCCI & BCCA & BCCAQ_output 2075-2099 pr absolute difference(regional mean)
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WRI T_OUtpUY 1979-2005 & 2075-2099 pr seaonally mean] WRF-HIRAM BCCA_output 1979-2005 & pr seaonally WRF )_output 1979-2005 & 2075-2099 pr seaonally MAE{regional mean)
1979-2005(present) 057 182 348 1979200 present 035 097 171 1979-2005(present) 0.53 16 2.87
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WRF-MRI BCC_output 1979-2003 & pr seaonally WRFAHRI BCCA_GUlpUt 19792003 & p

y WRF-MRI BCCAQ_output 1979-2003 & 2075-2099 pr seaonally MAE{regional mean)
1979-2003(present) 0.81 18 3.54 1979-2003(present) 0.56 0.97 1.7 191 1) 0.77 156 287
2075-2099{tuture) 0.86 201 3.86 2075-2099(future) 118 348 6.18 2075-2009(tuture) 122 3.01 574

fatio0.941.11.31 fatio-2.063.034.33. ratio 143184 2.26
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WRF-HIRAM BCCI_output 1979-2005 mean absolute error WRF-HIRAM BCCA_output 1979-2005 mean absolute error WRF-HIRAM BCCAQ_output 1979-2005 mean absolute error
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WRF-HIRAM BCCI_output 2075-2099 mean absolute error WRF-HIRAM BCCA_output 2075-2099 mean absolute error \WRF-HIRAM BCCAQ_output 2075-2099 mean absolute error
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HIRAM BCCI & BCCA & 1979-2003 pr absolute difference(reg mean)
BCCI 0.01 6.45 130.22

BCCA O 6.19 76.06
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HIRAM BCCI_output 1979-2003 & 2075-2099 pr séaonally MAE{régional mean| HIRAM BCCTA_oUtput 1979-2003 & 2075-2099 pr seaonally MAE(regional mean) HIRAM BCCAQ_output 1979-2003 & 2075-2099 pr seaonally MAE({regional mean)
1979-2003(present) 1.76 6.43 11.7 1979-2003(present) 1.69 6.17 11.46 1979-2003(present) 1.77 6.37 11.59
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MRI BCCI_output 1979-2003 & 2075-2099 pr seaonally MAE|regional mean) MRI ECCA_output 1979-2003 & J_OUtpUT 19792003 & 2075-2099 pr seaonally
1979-2003(present) 2.19 5.33 9.78 1979-2003(present) 102 5.05 ﬁA 1979-2003(present) 2.18 5.28 9.63
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HIRAM BCCI_output 1979-2003 mean absolute error HIRAM BCCA_output 1979-2003 mean absolute error HIRAM BCCAQ_output 1979-2003 mean absolute error

328 645 2651 306 619 2063 323 639 2659
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