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Abstract

Climate adaptation and risk assessment have become a significant issue. However, a framework
for interdisciplinary collaboration and quantitative adaptation assessment has not been well
developed. Therefore, this study proposes a standard climate adaptation risk assessment framework.
To demonstrate the proposed framework, the Agriculture and Hydrology Integrated Assessment
Model (AgriHydro) is developed and operates with Climate Smart Adaptation Algorithm (CSAA) as
a tool. AgriHydro consists of four sub-models, which are (1) Multi-Site Weather Generator
(MultiSiteWthGen), (2) the hydrological model of Generalized Watershed Loading Function (GWLF),
(3) a system dynamic model for the Shimen reservoir water distribution system and (4) AquaCrop
crop model. The AgriHydro and CSAA are applied to Taoyaun area in Taiwan. In the first step of
CSAA, Risk Template is adopted to factorize risk components among water and agriculture
disciplines. In the second and third steps, future trend of risks is simulated by AgriHydro. During the
fourth step, adaptation options of substituting soybean for rice are tested. Consequently, synergies
and trade-offs between Sl and YRR were quantitatively displayed. In the short-term future,
substitution in 2" growing period revealed 2.5 times more efficient in reducing Shortage Index (SI)
than in 1% growing period while it slightly increased Yield Reduction Ratio (YRR). However, the
yield reduction risk caused by climate change was lower than the difference of actual yield between
1% and 2" growing periods. Therefore, according to the result, the study suggests altering rice to
soybean in 2" growing period. This conclusion is parallel to the current agriculture policy promoted
by the government. Overall, the Taoyuan case study successfully indicates our proposed framework

is valuable in interdisciplinary climate adaptation assessment.

Key words : AgriHydro, Climate Smart Adaptation Algorithm, Multi-Site Weather Generator, Risk

Template, Interdisciplinary
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FRAVKT G A A SRR ALt REFET KR 2 AR

EUSARHRRESHIART DHF 4 KA TSR AL 5
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%22~ £ RFS

Fordsde R BT L B D BRI R

¥ = | TaiCCAT # i3 i =~ . FEgigL W e
| P ERE EFRF EAETE %r@%\“ﬂi% AR E R F F 1N
# 2 oy The Adaptation Support
. UKCIP UNDP-APF
Adaptation 6 Steps UNFCCC Tool
¥ 2013 # 1997 # -- 2003 # 2009 &
http :
2 = | Jhaiceat P dutwiint http : http : http : //climate-
T 5 aiccat.ncu.edu.tw/intr
i :« /lwww.ukcip.org.uk/wiz | //lunfccc.int/focus/adapt -- adapt.eea.europa.eu/adap
i@ % | o/super_pages.php?ID= o .
) ard/ ation/items/6999.php tation-support-tool
intro0
BT FERR T o
AT T 4 B Fipﬁai | FABAAA
- PR B
B LTI h R R IRNE R I&iﬁgﬁﬁi)%iéﬂifé S A kb G 85 R
R B AT A RD R A RIESE R ERAKF B G
- TR PFEA
4| BrREFRARES S TE RS T
S A RE
JEFEEEEE Y el s
N H 7 N s !
6| EREBZTAFELD ERlEw kR EREER ERERZD

d0i:10.6342/NTU201900432



http://www.ukcip.org.uk/wizard/
http://www.ukcip.org.uk/wizard/
http://www.ukcip.org.uk/wizard/
http://unfccc.int/focus/adaptation/items/6999.php
http://unfccc.int/focus/adaptation/items/6999.php
http://unfccc.int/focus/adaptation/items/6999.php
http://climate-adapt.eea.europa.eu/adaptation-support-tool
http://climate-adapt.eea.europa.eu/adaptation-support-tool
http://climate-adapt.eea.europa.eu/adaptation-support-tool

V“iﬂ

»}; J—%"ulﬁﬁ 2L A

RPN F AR EEF LT o MR LR S =
BV A ST 0 R MR F iR (TP . T 238 B e g (Razavi,
Tolson, & Burn, 2012) - 4 i % &% 3 » > CLIMSAVE £ IMPRESSIONS *% (P. Harrison
etal,, 2015; P. A. Harrisonetal., 2018) Jg* ¢t = 2 e TR & 47T o o JH 53 Ve
PER IR R 0 BB E G - SRR RITE S BRI VNE RS
SRFTEEL AR KA R Lo g2 AR DR R DD U E T A i R
PR AEVRMPR EWATAUPIRTY FOFER IR o FINAFLRFNF I EEE

FAAH O ZES-BEESNDFLES AR AT I

22 KFMEME S AIE

AKFEREEAA AL ITERAMAET Y FEFTHES UG RO R A

Ik

P BlAc§ FHEB T F R F kentE Aol 5% 1 13 2ok AsA B 2 18 (Auffhammer,
Ramanathan, & Vincent, 2012 ) ; § & e — # 12 (4 N ki b & 14 (T fE8EA B > b PRIR
A E &g ET K& aF 3 (Davis, Rulli, Seveso, & D’ Odorico, 2017 ) > 28 @ & A B i #1742
FRSEIRFT RS Y RRFT AR GRS A £ R McNideretal.  (2015)
fea i DSSAT i3 fic;¢ (GriDSSAT ) % & ® -k~ ;8 WaSSI > & 4 GriDSSAT # %l e
G R R TR R WaSSI B B AT A A R ITR R A Rk T kK E ik KR
Yo Bk RGP R kRS2 FREF R IERT ok R R kB e
PREEFAE DEGTAT N ERRFRAAR Y  Z AT TR Y B
FEE PR LARR o AT AN KT RSS2 AR S AAH L o - HHE ok
B (hsided 0538 ) Ssice B RREJFEFERRBIF)F 0 FIFE K
FAKR'YG 3TN KBESERG FFHENE LT R

FUEORHEGY B R FIEARG o IR AR o ARe LA RE 0 FIL & s

EFEM I RHER R 3R F Y SRS P Flut ik £ 43 855 AguaCrop
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TR EPES (AT ) R 2l - LR 4 T (AREKFTR) H K
TR ehE K2 (Van Gaelen, Vanuytrecht, Willems, Diels, & Raes, 2017) » & 3 1} Matlab B ik =
AquaCrop-OS (Fosteretal., 2017) <+ N FLEBEER B EL L pd Bk (Tl o
AT Y R REL R B S A F k2 B GWLF i £ - GWLF fs2 47 s 4
FUSWAT »0 8 = BT enghza 4 3L m &g ¥ £ £ (Qietal., 2017 ) > 74 58 pl ¢ * AquaCrop:

—‘ I

TEEET 2.4 ¢ B b w AR o

P L Y o § AU BEARR 2 L NPT FE kR G E R XTI AR
oo AN R 104 E (F iz HBDE AR LT - F TaiCCAT) #ré 4 A 314 12 DSSAT
i HadGEM2-AOGCM i85 T S a @ & LEE-REE R R4S k82 £ 8w BFZKE 0
BREFE T BE KRN - @i o A HARIEHEAP#ET 10 3 20 % FRT 0

MEFOTE > SPITLET A S REAES BPHLRE o WP H Y BARRRE BAE S

,f?{;

,EF’@f‘T’K?i)ﬁliﬁ‘%;%ié_&?‘vﬁ W2 B 55;( T Rm HArR 2 Jfg_'\»ks Lz g ,;1‘1'.#\_,@:_1}

ol
ot
=
>

iy
o
(w

Rl
N

Ak

KRR 8 DSSAT f £ > FEAARR W e §ATR BB EAIR 0 T4
it 2 - DSSAT B i g S i b B U AT R T N ID ¢ o G S MR B (RlR S

2004 ; 5 2 & > 2006) ~ 7 E & 5L (FEaxdt > 2008 ; ’Hi%«fw 02010 3F 27> 2011) - s A £

(M 331 52012) 22 PoREE-K &% (k1% > 2015) ip AT « Ka B 0 &4 (T i
R T IRHC RESAE S AT R gt B9 5 8 CropWAT &1 A KB » i B Ag AR

AT FEABERD EEDIE S B R P EE T RIEE EEGUE R R E Y R
(5 7A>2015)> e H 25 £ HA MR "G Tk o FIM 0 AR FTHF LRG> 2B 8F

AR EMSRAR GE TR &Y KBSk k G AT B s B 1 -
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23 F & =HES

FRESHNHBLEFEY N FHUEFFF T4 £ ¢ Richardson Type # % & = i3t
WGEN (Richardson, 1981; Richardson & Wright, 1984 ) # B iZ &% > 2 W % > H B & § L o5
F % & = 45840 ClimGen (Stockle, Nelson, Donatelli, & Castellvi, 2001 ) - WeaGETs ( Chen,
Brissette, & Leconte, 2012 ) % » % 2 WGEN % R4 % £ &% - 2 ¢ » ClimGen # WGEN *
A TANFEAELELT & Rh L E 0 L359(3.14) 0 & 2k iE e (Spline Function )
F & = £ S8 Fourier Funtion ) * %?ﬁﬁp’?& FH BoSE T L p g R F 25 ClimGen
#. WGEN £ #43 2. 73 (Castellvi & Stockle, 2001 ) - WeaGETs R4 %t p & £ 27 p 58 ~ &

MR > B WGEN 2 A& > i 7 cficiss i i ﬂzéi& He e g Rk Fe 8

\H

FAMTER T LR o R TR N AR NAERT o - BT AR Uy A
HAEM D AR RS 5 > WeaGETS B if 2 5 = Nkt p &8 ~ & ME > B4 5
FOHCBRE > BB R MOt B GR 2 A5 4 o g #h > WeaGETs & 1 Spectral Correction Approach
FH BRI R A SHE F 93 WGEN & ClimGen 7 & & &3 » WeaGETs
A EH G FlG R E o A R R F R LB F BEFRE R
2 FF EEREF NPT OET R PR KT EET 0 B4 FNH PR % & 2

-H},%:‘ °

ETS

FAREZFMZ SRS e ST @R BERS 2 ARV A5 (1)

,‘}3@

lﬂ\ﬂ

ARREI A F R PBE Y > X SRR L BEL R (2) A R T

% 44 ;% (Nonhomogeneous Hidden Markov Model ) ( Bellone, Hughes, & Guttorp, 2000 );(3)

‘?‘*

7% (Nearest-neighbor Resampling )» A @ B 3T T2 ¥ ic £ /2 fdi f G RB T anx § § 1>
e AR Y 5 AL BRI T (Khalili, Leconte, & Brissette, 2007 ) ; (4) # W & 5 B 4pBf =
PERF b s e o Wilks (1998) iz = & b A ¥ ch SRR REF| PP o

R AR T LT AN B R AR E N T AR WY B Y
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TiE- A T o 4p M1+ (Spatial Autocorrelation) i = & P $HE & AR > dopt F R 12
EW RTT A HE T A M2 TS % i (Khalili, Brissette, & Leconte, 2009; Khalili et al., 2007 )-
RpAFTRG PR FREFEFRER 2R nzF a2 R 24177

PAME 2 MER R RS AT SRR R A 2T iRy -

24  TEFHFN

TP TR FE ERRERTFAZAFLFZRERT - B » (FHHT
YA (1) EEAES I BP0 SN 2 L F ST AR M G (2) B (&
BH ) 22 he dodiF 2 B2 o FRITR A3 RREY A EREDIHFRE -~
Feo® VAR 2% KW BE % Z sEHES o 1395 1985 # 3] 2010 £ 221 K v kit A S 0 K
¥ * hivd 08 5 APSIM ~ CERES ¢ EPIC ( White, Hoogenboom, Kimball, & Wall, 2011 ) - #X
Moo 3R feA B 2 RPN R EeanR] 5 DSSAT (¢ 3 CERES) (Jonesetal., 2003 )
ORYZA2000 (Bouman,2001) =@ iT#p #4=ivH 5% 5 £ & FAO % E 5 AquaCrop ( Raes,
Steduto, Hsiao, & Fereres, 2009; Steduto, Hsiao, Raes, & Fereres, 2009 ) - DSSAT 22 ORYZA2000
F Gk BREs A A en it 05N 0 1% #5549 * xS (Radiation Using Efficiency, RUE ) » #-3&
o g4k = 4 3 F 5 AquaCrop B 5 -k BRds #0580 -k A2 £ % 3 (Water Productivity Coefficient,
WP ) #-5 p Zig bligdk 2 4 P 8 o = BHG A KA 507 IR IESE 3 § B ik 4
7.+ » CERES-Rice (DSSAT ¥ f#i#t-kfe2 ficle) A £ F 3 4Fenk R (rRMSE=16)> @
AquaCrop P #_& 2 $ & i + 2 CERES-Rice (rRMSE =15) » ORYZA2000 P . 3% 4
# B¢ 4% (Amiri, Rezaei, Rezaei, & Bannayan, 2014 ) » %]t 47 3 %77 ¥+ 5 ORYZA2000 -
B fdclic® gt it > AquaCrop i DSSAT 5 5 7 22450 4 R i 30 Sl (341 & )
FlPF O E R ARE hSET A S e PR DSSAT i * ¥ 5 f# 45 3 LAI(Leave Area Index,
LAl) > AquaCrop ¢ * ® #i& ik B gk 5 m F sk R 2 & (Canopy Cover,CC) fi 24 &

WA e Flpt o AN F EREAMAL ART NE B FEFTHEAFTARF I (Data
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Assimilation) 04 & > x5 3 £ # 12 AquaCrop 3 AgriHydro £~ fi-ke @ enfede 05t » 11 aE

FAKRTRIEZT SAPMBT 2P o

13
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AgriHydro = A% 3 7% B hBE £ A EFR G > A e 72 B o AR S F
B KT A e Fhire - TR ces jAESAIREF GHBE Rz B 17
SRIEEF R E B RF REBERIEPIHGOD F AT ER R KT R
WwBlé 5 GWLF o552 s 4 58 s A n] 2 ok s sehr m B B g -k Bk (T2 & %
KRR SRR E S TSR A Y AquaCrop It B R T A £ 21w P 30K
Eore- HAWEEFR VELERFCRTARE LA 2 BTLLE c AFTFLALF
B A Y &I AgriHydro ¥ & S RSN ePIEG 2 i o F A AR 3L ERP § B
EAQREFE AR 2 b %G4pih £20 325 34 §@m AgriHydro ¥ = B e e B
A& RO I 2 4 o AgriHydro &2 F iR AT A W B 2 2 T & B TINAR R B £ R

N R

-\ﬂb

31 FuewEAgwmEza4pHk
311 FrEARwE 2
AFPTHYR AP AFA I FFEAT P B F BAEDEFE 2 (Climate
Smart Adaptation Algorithm, CSAA) » £ 5 *F7 3 2 f ik R B4 i 2 in ATtz o8 o 27 1
FH3% TAICCAT 3+ 4 ¢ chjf i34 4 » % 2 (Climate Adaptation 6 Steps) % & % A 45 7 4
b '& it (Risk Template) %2 § o B4R A 472 1 & > S & §F GAE - H A h5 T - %
= B A B0 53 /S (Dynamic Adatation Pathway ) » & = B0 i> k2= CSAA » #5717 i
* b HCE & AgriHydro § FE TR RS AT - Dl HBAOEAEE LA o A E
#5444 CSAA P il %R K3 RO (FIRP » 3 43 &:2- # B P AgriHydro &2 CSAA
Ui & B (EIAR o
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B % (Risk) # IPCCARS#F2 % ¢ chprc B3 > % § i $Bd &4 § B2 5 8% f Aot
B D % A R e enT A 10 IPCC =& b 'k et 5 9% 33 & (Vulnerability )~ & & (Exposure )
E pE (Hazard) (B 3-1) MG\ v 27 5k =f (BT B AREF)oa kb ‘GHF
AUAH M BRYGES (- HATES LIEFS > boBl 3297 o BT AKES o o
FREFFHEFEFFI ML G F2HE2Z2FAF 5 n F 28 % RBERET 5 4>
PREPERAELHEEBARRN AR R ARTES B2 A VAR
FEE RN 0 AR RHBY T A ST A R R R ARG
et o RTE R BETRAE FET e S RGHE Y o APROT IR 2 Rhp AR g 4
DA LRGEFY ErAIREET AR AR KA RGBT EOF BAER ST
BARAR AT HEE TP L) RBE o MUk fER BB AN TR L MAESRAES B
Frft sl S TV hF R FEAF BT T L FREERFERE G ks F
G REBRY DRRRET SkfESE Fli AR SAT G A Reahd g iR 4 0 i A

2

EERALT 2 4 (FHPTRE R ) A i AR 5 KRR L R R 6

|

fEAEeR

HEEH
B

£79)

=2 ess/E

bR

e

AERCA _J
TN AR EE

Bl 3-1-IPCC#*h ' ~ %5 R - kBB AT 2wl
(IPCC, WGII, 2014 ; #1435 > 2015)
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RIS SHEESZ EEER
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6. BB E1E 2. SRS
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Taiccar Iha
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Mo ssmees

e

» + REHR => FEED -
- RIS => @

i o] S
I

HEE

g] 3-2 %T?{Efﬂ;\_.\!}%ilﬁ-ﬁ/z\&'xﬁﬁ‘%ﬁ_—rlhg]

FEARAHFLATL 20 FH - BB R BV g G b A
AR AR 2 B B2 R B Y RS RPRQEA D U FS

FHGUIER M AT o BSEHCR R F F S A2 P T ARACR) 3-3 TIW 35 HrT e

2
=

AR E (P 2 AR ) B PR E T IT MG e
(1) Zicm R etn bl (2) & k24 940 M (3) ATt M E o sl adr oy o f o
DI MG AR MRS R B B AT LR EL T M AL E L R
HEBERGES2FF o d FFER SSRGS o) B0 (7 B REGYAE SRS
ARMREAKET KBEEBREFB Ea b hGr B Y > BB AEY B2
PEEETARNFN A ARERES T H IR GEZ BRGES DR KRG ARR
F 4t FFHEAFEL 0 ER LB ER 2 (EATED WAL G B 2 PR

FAEE TR ﬁﬁiw%ﬁ@@moﬁﬂwﬁﬁ AR R HBYEBFREZHHhTY 2%

-

Iﬁﬁﬁ’ﬂjﬁ“?ﬁ@&%ii B VEERG Y FREOEREBD ?u%“?)?%ﬁif'%iiﬁ'lif'},ﬁ
R RIR bmgm,ﬁmﬂ¢C$MJﬁmhm§,uoﬁpmiﬁwpfégjﬁﬁvi T
T KA BRI AP EE Y R SARTIT MG A6
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1)1’(

§ b RO R A AT TS ISR L MG B TS AT TS AR X

SRR RS S RIS CERE

Py
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™~
]
&
=3

3
R
%
=
N
=
e
e
ot
e
>
oy
&
b

WA Z FE R 3FRi AR PFER TR 0 LABRF R Rk E MG
Ao B RipE BB R P F]G G E R RRpE > 2 WH I HATR DR R > F

B MEATRZ A RRGPE T A § 4ol 2LA KR o BRI AZ BT
(Trade-offs): 4p F e REBFEAR T LR PR FI2 AL A P EREHF2L L TR
»ofls, (Synergies) e 2F7 3 5 7 (BRI EBABR L GG EM G SRS FE

WA E - 2R mA S

) B pEiER : F—F8R

TaiCCAT S

|
. |

! -
|

i FRREET

|

|

|

|

|

————— i

- J
Bl 33 § i MEARFEE 2 B G BFHRCT - H R
tE LR E G LS DER L ST A SR rE S IS R Sk
(1) ginReip bl (2) 228 %4pH (3) HRAMME = mMama e il
EERRIES LR =L S R
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AIEE AR SMER
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i FRERTF ‘
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| BA
3 Bz
L+ RESD -> BN
\_ J

Bl 34~ F BHAEARFTEZ2Z R GHAFFTE - ~ 2 H 3
FELELIIFNA L L RED LR GRS A R S (T 5 BN AL
Wr) ARMREAKRET  hBEESBANF ol b SR GH B B p5E A
ERMREHAT S ARG ERERES o

B FEtENR - SIS ER

» + REHD => WEED
- REER => BETH

BEE

|
|
|
|
1
|
|
|
|
|
T
|

Bl 35§ GAENE R AL b GRS 3
FUER I B R G A KRR P GRS TS H AR ET £
IR AR RETL kT (R- RAHURGHE) - R REAE Y § 7 RRE G
R SG BAG RPN T GHFA LA RR AR -
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312 b4tk
RIFp AL 2 amdERb 0 12003 Bh G4tk #55 R A KFTRER A D5 ik
k(A Er kB %K) 2 kR e K dp (Shortage Index, SI) 22 B £458 A b *&
S A S g iR (Yield Reduction Ratio, YRR) » * 1 4E3t-R F iRk -k kB a 2 2 Ok "R it

ER G B3 E S R aeN(31)2(32)

2
Nigtal year Ndaym year Deficit
g 100 SULST 2
Ntotal year n=l d=1 Demandn,d (31)
Deficit, , = ( Demand, , —Supply, , )

B oo Ny 5 FHAER AL 20 85— 25 N

total year "

-20 ; —r .
=20 > Ndayinyear R F%HE X & ’

total year

Demand, , ~ Supply,, % Deficit ; = ¥ n&dp g k& ~ Bk BHLE -

YRR = “‘iype Pl Potentialy - Actual
Potential

c t

# ¢ » Potential £ Actual , » % & C (T30 t BB RA A FROFLAELTFAE T 0 B

AELAFETY Y BEAZEE YRR kEE  FEALNG SRS KGR -

32 HFHmEIHE
B e 3 A d0a - 380 3§ s f s 3 Pt § kit (General
Circulation Models, GCMs ) %= & # I & 4 Jk & 12 = (Representative Concentration Pathways,
RCPs) (] 3-6) T “Hickg chf % T o o 2 GCMs i 4 1247 R i > = AFm g 5 20 §
GHBZREEIRSF FE N TERAE RS R S R AUF TR BB R
P57 A 321832287 i o &2 30a AL E KAMTB (Socio-Economic Scenarios) P
ARG S IR N AT RBRER PR RRAAMSELRLE 8 AR T

ke (2021 & 3 2040 # ) 2 A4 € SilMiE > FHwie s 2 2 L 323 & -
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104 ——RCP6

| ——RcPas
~—RCP3PD/RCP2.6

84 ——RCP8S

Radiative forcing (W/m?)
o~

-2
2000 2025 2050 2075 21 OO

B 36 & ERE (RCPs) 2 45 5t3pit 4 T &7 & B
Rhd REBEARERAKL LTRSS (JAM - Integrated Assessment Model ) -5 98%¢<h
08 FERE A 90%:nde ] o AL kR (Van Vuuren etal., 2011) -

3.2.1 GCMs $*:58 GCMs F#L'% ¢ R

GCMs i &7 GCMs Fd's = R A A24cB] 3-7 #f7r o 7 L4 GCM ~ RCP & & %

PFE R8T % - P B AL E KT o3 & 4 55 (Bias Correction Spatial Disaggregation, BCSD )
R R AW Skm X 5Skm Bttt F R FA LD ZFARE S DR S RIEEF % & S

SR L PAFREBDE ¢ §IHEaREL o 1T A U % GCMs #4E & GCMs A

U ORI o

— M 5K

& R & R

BCSD 5km X 5km g, ¥ A %’xla\ﬁ\’g
%8 %’H‘ A3 B B’:_H

B 3-7 -~ GCMs $+i£ &2 GCMs F 41 *% = & 2 in 42

GCMs $+3iE

129 IPCC AR5 3% 2 > "No model scores high or low in all performance metrics, but some
21
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models perform substantially better than others for specific climate variables or phenomena." > iZ 3
FLNGCCM 5 i 23R A enA > FIP &k 0§ ix BB 675 B B3R & &
(Ensemble) 1= ;¢ o 28dm » F RIFEEFRF 2 ABE A KRBTt 2FFRE
FEPEIRL A LB AT RPF ARG OGCMs (T 5 F EHB 2K T FP AT
A T fif 07 B GCMs (Lin & Tung, 2017) ® éhw B if % AFT 5 $4iE e GCMs (@ H @
HadGEM2-AO F #1425 2 — o2 & * )» 4~ % & NorESM1-ME~CSIRO-Mk3-6-0~-CCSM4
22 bec-csml.l-m > & §E e B B 2 B Mif B8 18 4 2 ¥ RCPs > 4 %] 2 RCP8.5 &2 RCP2.6 > £
A8 GCMs 22 RCPs 2 & eng B R T WARPFERIVE-HL G BRAEREF > &4

% 2021 & 3 2040 & ~ 2041 & % 2060 & ~ 2061 += 3 2081 + ¢ 2081 & % 2100 & -

GCMs F#% < &

d 4 GCMs shge A R i 0 S RIS R Y AR B ERE R (R
3-7)e % - F4f 5 #* TCCIP & #l)s BCSD 1 5km x S5km P % & £ 22 p 3528 T8 - 3

FENZREE LRI EREN L P PR R PR EHTOEAEELIB L E o 4o

P,Avg __ E ':PFuture, Stno, m :I

Ratiog, ' = 3.3
| ) E I:PBaseIine, Stno, m :' ( )

P,std Std ( Future, Stno, m)
Ratlosmo " Std (PBaseIine,Stno,m) (34)
Delta;tngvg = E ':TFuture, Stno, m ] - E ':TBaseIine, Stno, m ] (35)
RatioT'S‘d . Std (TFuture,Stno, m) (36)

Stno,m —
Std (TBaseIine, Stno, m )

#¢ 5> Ratio®™ g Ratiot™ % Stno Blzb% m ! A& B2 Tiom @R L & ; Deltal A"

Stno, m Stno,m Stno, m

2 Ratiogo% 5 SO Rl % m» B A2 THE &8 £ i3 & &7 # Future & Baseline 3 GCM
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ik RCP K T 2 A K& AW g % p HEF R » T 1% Stno &2 m & & 2813 [ =k Stno «h
PREBEE M IEFR (20&) GiF fp AL

FoOTFECERRPIAD RIS R &R (PM3228 4% ) R BRI AR BF 0
FHRUL EEC S KFREEIZAFZRTURY PP FRFR - AP 2o sptad p
8 &

v

PEBES D B E  FARF AT AL EREL AT s
FEHEF AR BPTIORERELRGEGL cn B 5 5 40 TIOESEE

A3t
g FE(Ratio); BAE > & B FL TSI PEFE P EE M EEF R

\m

PRI RPPEFEER AP EARM AR e o FP 0 AABREET - BEABD
o P P EBE S PERMGENBI 2N 5 A TisE s b 0 g L@ (Delta) &
VR Lk P &0 it @ (Ratio) r 4ot B 0 (3.7)2(3.8) 47

E [PAdj, Stno, m :I =E |:P0bv, Stno, m :| X Ratios")tﬁc;)\,vr?w

S0 ) S0P ) -

3

E [TAdj, Stno, m :I =E I:Tobv, Stno, m :' + Delta—srt'né\,va

Std (TAdj, Stno, m) Std ( Obv, Stno, m ) X Ratio;hit,dm (38)

e o T Adj 2 Obv & £ G2 & &2 BLBIF AL -

3.22 S RlEF % & 2N

S AWUGTE L FRHPARF FP FTHE AFT UPYthon E B E A KFRRE HFea?
Bl F % & S H05% (MultiSiteWthGen ) - 5 £ » 2% 7 ™ Richardson Type ( Richardson, 1981 )
P A RERIEHARFNE  AF AR (R ) BRFAEA (G232 ) PFERT 0 & BHERE
B e®E > AV T I N-FEVAMAR > NERIFE P (W)P (WW) & P

(WID )+ 4c5(3.9)%](3.12) ¥ 77 o

Number of wet days in month i

3.9
Total days in month i (3.9)

P(W)i =
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Number of two consecutive wet days in month i

PIVIW): = Number of wet days in month i (3.10)
P(D[W), =1-PW [W), (3.11)
PW |D), =1-P(D|D), (3.12)

AR E 28NS BF AT hF S#cA 4 (Inverse Cumulative Distribution
Function , Inverse CDF) » 4-3%(3.13) » # 7 $#icim 34 * &+ A 53+ (Maximum Likelihood

Estimation MLE ) G > m4rk & @ % { 5 $8dm £4 F > ZRFEI FHFPH LB T E o

P

amount

F(RN)" RNeU(0,1) (3.13)

Ho , P

ka amount

S (mm) F(X) 3 E* »F R FBF 3B RN Z 0312 Faud) »

% (Uniform Distribution ) g% & -

BEZETCF RRERN - PP EFRCE R AR E R T AR 4038 (314) 0 £

I

Mk R R R R R o BOREARY AN S I E 2 E e k)T R E

—=5

penT o p R X Hg > 258 L (Residuals) (B 3-8) 0 4r;%(3.15)£2(3.16) » £ 12
Cholesky 4 % ( Cholesky Decomposition) 7= 342+ 8 ;%(3.14)7 1% # B » 434 (3.17)3](3.20)

0 AR M A Mg e -

Zy,i(j):AZy,i—l(j)_'_Bgy,i(j) (314)

i) 5 fxlenmgo g iy idumayEd af i3 0] RAGa Rdaf § 0k

g, (J) SOXLePEEF A GEBER R o
ZW:; (3.15)
Xyo o Y &5 0% QRRIGS 1,8 0, 5 3 (BL0)R ff i R x B 1 % nT 0@ iRk £
24
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i B>t 13365 = o

Y =C, +Clsin(%j+czsin(_rfé ]
! 2 (3.16)
T 365
27r
YidzgwFe T 29 t515365% :C,C,C,,D,D, 5 ff btk -
Mean Standard deviation
@ Original data

°
Ngin.
125 e 0 — Fitted line b oo
o 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Day Day

W 3 < iﬁ&ﬂz%&ﬁ?iiﬁﬁfﬁﬁ Wﬁz

A=MM," (3.17)
BB" =M, —M,M,"M/ (3.18)
1 o pPy(L )
M,=| : (3.19)
po(id) 1
ALl .o (L)
My=| & o (3.20)

M, M, % % lag-0 &2 lag-1 chss £ 2 R R (ke £ M EL ) p(mn) 3 AtpFs

Femenz Bendphd hdics p(Mn) A SEem At n A t-l Praup b Bk o

25
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i BE e cnTIoE e B A - %A e £ iy R - 4o (821) ¢ A

’i—fl]’i'}

23 deR 39 4 o

= = # i 4& & (Cubic Spline Interpolation ) T # » -T 3543 |

Bp <R

Xy,i(j)::udorm(j)"'o-dorm(j)'Zy,i(j)

T conditioned on Wet days

T conditioned on Dry days

I AR

30 1 30 4
25 25
20 1 20
® Avg: Origin @® Avg: Origin
15 —— Avg: Fitted Avg: Fitted
L ® std: Origin L 13 ® std: Origin
~—— Std: Fitted @ - Std: Fitted
10 4 10 4
5 s
- M
01 o
o 100 200 300 o 100 200 300
365 days 365 days
B 3-9- gz 2 i

SHLBROFEERE I B REARA I RFHRIPE > LB LR SR
Bt 2@ e up e g0 8 FERETIOE - 2 @ H T R G RY 5
B BRI L AR R G RAP R e WA 2 S i ik
JE o

éi?@%ﬁﬁﬁ@’%‘ﬁmz%w&?%ﬁﬂ’z@iﬁﬁ?%ﬁx%z@ﬁﬁo

Khalilietal. (2007 ) # 1% sezten= ;82 @ 8 = Richardson #g4] ehg % & =582 525 %

EANN c AP R IDFEE I E  E 2 PFR F S S L AT B EAR

F(R2)EEW)AWE ZEAPM W R LB R REAF % 6

b L

FHC R & L EL A kE T Y LML

= A g
Rt ErEE SRk AN

’fg-_g‘ll";‘rﬁ/

AETRERANY 28 AR = 1~32 2 (Khalilietal.,

2

li;.,-’\r—‘a

2007) > p = 2% % B eh B p AP B (Spatial Autocorrelation) 3 % 5 @ 34(3.22) ¢
ey B4 T 35% 8 (Moving Average Coefficient) » P ena >t T & T B B p M2

BozBpAplEsAmyd gy 2 B Apkdp ik ( Spatial Dependence Indicator, SDI') ( Khalili,
26
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Brissette, & Leconte, 2009 )» 43 (3.24) c tid-T_q chuG42” R R AP 28 FI L T B B AP A

T SDI 5 ABiT* 1o ST B gk ® £ 1Y yanb A B GHHER A E2 AT AR LS

5 R 2 b0 g SDI R b SRS S0 K R R E 365 % £ R o

e
L& T3aSDl B 365 B v B8 (7 s o
V =74 XWmXU+U (3.22)

-1 -1
& E(eig(\Nm>max "eigW,,) j dem 29

VisxleE 2 FApM'ESEce B oS aRxiic vy dXaBd T4k W 525 m
T sxs TR U L sxL iRk E o R B i iEPFue U (0, 1) B
% %#PEue N0 1)

SD|=Z_1 Iz 2 J//Z| 12 4 (3.24)

SDI G2z A AR f2dpthsn SRIsR8E S W, & 1 RIEET JRISFTHEE B 5 X2 X 5 R
o BRI | R E o

32.3 AL g SEAMFRR T

1295 IPCCARS » 4 ¢ (&7 5 (Socio-Economic Scenarios) = $ A & A ffAr & &2 GG

PRttt P AR ERATAF IR TR LRR G- R o2 3 o LA
,allr‘l,,;\ g]';’\g\,#.—s 44— fi*i.%' %@lﬂ _,#gw/g.ls\,rg-lq‘;{i, ] pL *pfi&';%j"}{

ME 2 F2E o f AR RRALG G c AL R TRE A EY s 4 A (75

BAEREEHES P e ANA L AT A 1 Eaa ok

FRALH RZRIEEL A

AL EEAMTR R L L EY RIS D RS AR I ERREF 0 FUAFTHNIER A

k1 E® KRR AEY KRB ERBAKRT AT ~FAF PR F 2 F P AFHE
EEY

13{1&"&]‘0’%%%4}5 ;{I; m&"a’_lp 7"‘1(’59&-1\?? & / 7}(?11%5\[&]106:&
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(ABF B LT REEAATE) HEZIFRIFTRELFRA LRG> & 24 2F 110
E AR 120 # p koK ROk BIRED Ak (2021 1 2040 £ ) R @ E AL 0 H B

KA R105 # P AR 120 #enZ kB K & > XA 528 o

33 kFmEE

3.3.1 GWLF /= £ #-5¢

Generalized Watershed Loading Function (GWLF ) #_¢ Haith % Shoemaker % % »>% 1987
E R b ehiR T A @ﬁ%]f}é < 312 38 #0378 (Haith & Shoenaker, 1987 ) » 3% #5558 4 & {%gv} -3
K% P LR Rl Aoz KA 2 T el % R0 GWLF 538w F pr U % 515
YR RE AR 2RI fod ARt R R R o N B GWLF 5t RF oK
AR TN d P2 T ALk A s A frr kR e kA oIFRR e kR e R o

X2k T g A do R 3-10 #r e

Pt ( Fﬁ”ﬁ)

Lt(N%)

lpctcé}fz%) \Qt‘(iéiﬁ)
% o K

(Shallow Saturated Zone) W
Gt (%/‘ﬁﬁ

R paFa 2K Dy CRE BR)

kAo 5K 2
(Unsaturated Zone)

(Deep Saturated Zone)

B 3-10 ~ GWLF #-5% -k T b %57 & B (#k$748 > 2017)

28
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PRt GWLF ¢ £d b R3S ¥ K e fo s kK 25 i B frd e & o degt

(3.25) :
SF =Q,+G, (3.25)
He > Sk i@ g (emlday); Q 5 %32 & (cmlday); G, 5 A& (cm/day) -
m B A GWLF % 2 R-k 2+ %4F & (SCS » Ogrosky and Mockus » 1964 ) z_ o
4 i@ ;# (Curve Number Method ) (Chow, 1964 ) > 4r3;%(3.26)#2 (3.27) #7151 °
(P -0.2w)’

=~ P>0.2w 3.26
Qt (Pt +0.8Wt) t t ( )
w =222 554 N <100 (3.27)

t
t

B ow s Fokwho FRFR Y LAk A B Ao 40 & 4otk £ (Detention Capacity ),

FERE B 2 tseE R (emlday) s Poi % a £ (cm/day) ;s CN 274 5= Curve

g 5

Number » H & F]14 3 f % ~ 23 5 S pboRaFp 2 g 3 3 -k &~ (Antecedent Soil Moisture,

AM) @ % ¢ (Tung & Haith, 1995) -

Ryp 2 RME ¥£3%p R TR %K A (Natural Resources Conservation Service, NRCS - & ¢ &

-k 2 %4* & Soil Conservation Service, SCS) » CN B & §zm 4 3E-Ki» % F ( Fliew 4 3E K L2 B

RIF A AR I A AR R AR Ik A ) AL A8 5 CN3 CGRIEF
)~ CN2 (T 32R%)~CNL ('t ) 2 ¢ CN2 @R iR w3 = 4% & F #73
o 7 d NRCS# #2 CN2 4 % ¢ % ¥ - CN1 27 CN3 2 i B £424% V. Chow, Maidment,
and Mays (1988) # 12 % 2+ @ 7 » 43¢ (3.28)# (3.20) 7 7 :

10 —4(.)?55N8C2:N 2 (3.28)

CN1

29
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_ 23CN2
10+0.13CN2

Rfen I X A% EHRE 31 2H 3-11p 20 @ 27 @ Afp%a

(3.29)

a4
b
e
0
Z
B
IRy
o

e
\\\?{r
<l
3=
ki

3
&

VSRR SR Ed R < 10°C S AR F 2 LRk

# 3-1-AMI & AM2 2 &
S 4 £ 8

AM1 1.3cm 3.6cm
AM?2 2.8cm 5.3cm
TR A 10°C F AR F 2SR

CN

CN3

CN2

CNI1

AM1 AM?2

Bl 3-11 ~ CN & & i -k & ) 3E B 7 B

* e frg ok h
GWLF 58 23+ 53 L3Tin g 3+ 8 » % & > 4054(3.30) ¢
ll=R-Q (3.30)
Ao BERGALEr Rk R F AT HRS FRATI R R GRERA ¢
b fr g kR e T b o RAR ok 2 2 HOR A T N FI A S Ah BB LR 0 Aok
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2 KT R T Y N (331) A 7

U, =U,+1 —ET, —PC, (3.31)

HP U 5 A&fei Kk Bt %82 4 3E-ka 7 £ (cmlday); ET, 5 Z#4c& (cm/day);
PC 2% &mE (cmiday); @ | 5 »% 8 (cm/day) - 2 ¢ Z#4c8 (ET) € X248 ka ¥
FRFHERE v N(332) 2

ET, = Min[K, x K, x PET,,U, +1,] (3.32)

PET, % 4t i £5 4¢E (cmiday) K, #2 K A w5 B F il 2 8k A RS il T840

g§;\ggfrg,};%gnggq‘g@g,};fé_b'urxf\tﬂo;ti:1 g,ag{(K ) g et 4 ,L,.ﬂ’f | # 3 3N 44

i

k& F3 (K ) Bl * Boonyatharokol and Walker (1979) 2. 2 ;% 73+ 8 » 4r59(3.33) o

K,=1 if U >0.50"

3.33
K,=—2t_ ifU,>050" &%)
05U
2o U S Arfrg kb < ® 7kE (em)e

B FERROEE XD PR B Bk F EF RITPEERF S Y BRG

Z#4c£ 4 Hamon = ;¢ (Lee & Huang, 2014; Shaw & Riha, 2011) & & » 4r3%(3.34)¥7(3.35) 1

=
H.e
PET, =2.98x ———*— (3.34)
T, +273.2
e, = 0.6108xexp(ﬂj (3.35)
’ T+237.3

#e o H Zxp Top@pEs (hour) e a T2 &foz i & (kPa); T, 5 p 32 (°C)e
FAEARAAREe B RE (2 HEA7 FRE) Bo Rl ¢ A2 %KPC (cm/day) ZiAE
Gk 5 S % 4e7(3.36) -

PC, =Max[0,U, +1,—ET,-U" ] (3.36)
31
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BE g kA
S S EE Y ER S S LRI R ER I P ¥ S e I (ROF SR

Eefin gV d (3384 F o
S..=S,+PC,~G,-D, (3.37)

G, =rxS, (3.38)

f0 S AR ETF KA kA FE (em); PC ALY Akefo s kKRBT R Ao d

K2k ® (emiday); G &4 ¥ g &fcz kA #ETP "2 k€ (cmliday); m D, &> %%
t

FR ARk E 2ok E (emlday) AFFF BREE -

3.3.2 jaxd 4 #0
ket 4 B d Forrester 3t 1961 & oA R E R YV AEJE A AP RETFFR S LR
G R AR wARM GRAFRE A e B iR AT AL Rz BAE A E RS

(Stockor Level ) ~ ;=& (FloworRate) £ 24 % (Converter or Auxiliary) =~ » = 2 FF a7 %

AU REREEERT ettt A0 TRELFFR oM % R EE RE B E

KRR KB R B R A R FRE e BB R hoif kP E POk R e

KR AFRE O R R R ROR R E S BB A BRI e AR AR R A
R A Aok E *%ﬁ‘&ii*@ﬁﬁﬁ~ﬁ¢&&%@£$§?%ﬁi“°%
R E R Ventana ko PR 2k sk 4 B SR Vensim S 7 R FK TRk e

Z N e E R TR AR TN 53 &Y A8 HRBEL A TR G o TR
2.3 Nw s I—d”fému.— ’L‘f]%“_,, «u-rﬁ‘_gl “i‘f""\ﬂ\lﬂ L*‘f#ff[’@i‘;?v’ﬁ \/};Tll Kk wu(@
3-12)% 4p % et £ R 313,?Ven3|m1*4f§ ] ok ksl 4 BN ARl 2 % ws(2019)

#riE 2 \ensim ¥4 ) x sids 4 HN o
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RBE [ 12011k 1140

= AFAY

13.78CMS

BTt

16.8CM

LI EEBKS
N

K A ’/,,z”’ S0
e Lol [FKCE A

K10 7

AFEKSE

V(EH)s3»101 0| | FEER11>17 EaminlgeJ0)
N\ L=y
b E - AHEE LEE
TEEE
TR
BBl

Bl 3-12~ 7 oK E oK 5 SR 1R
(F# &R kfIFamI03E (M KEEKRRRKTRECTE))

uan dsriChannatl
CaN{nWED

/ J
i e

estic
P

B 3-13 ~ Vensim +4 F] -k % s 4 B30
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Bt REET LR BATE L K

=

RERe LR > R (WP B ER
L sl et LR e iR e B AR 3 AR - R Vensim 2 4
2ok iR & Bids 4 3N 2 PySD Python % i (Houghton & Siegel, 2015) ## 3 = & Python 3% i
2Py A 0 et B5Z A R & T AgriHydro o g 2 e Sah A £ 2% (Euler's method )
fRfcAs S Az miFE Y v — B5i2 (Runge-Kuttamethods) % 3 @ = % » 2R @ 3% L[4 &
KFR G R ¥ R T APk A N R 2 By

B 2HBp R R Tanedir o 2 B HENR -

S

34 v HE
3.4.1 AquaCrop &3 #35%

AquaCrop 3 % R K % LB 1%13#« FAO #7H # il 7 174 #3% (Raes et al., 2009; Steduto et
al.,2009) - p 2009 % # {6 > E BT FEAMR AL R ZWNA RIS AL E TP F K
BRI HRFORE €L T IEIETT Wk A R iR 1 (L4218 ) AWER
HEEY RE ;ﬁ& Tioked A e o REApM Y KE &34 3-2° AquaCrop 5 7k
BEEs AF A ehiT S B0 0 B AR AR 3-14 Aom 0 A TR T > AquaCrop ¢ L SR
#% 24 7 & #c (Growing Degree Day, GDD ) 4t i % & % # & (Canopy Cover) > £ (5 & 4 & I¥
B 4 % #ic (Stress Coefficient, Ks ) ~ ¥4 i #ic ( Crop Coefficient, Kc ) ~ 7z #g &

(D (Tr/ETo) » # @ Tr % ZF4z® > ETo 5 Hi # 8 4tE ) &£ kA~ &2 £ i 3 (Water Productivity
Coefficient, WP )3+ & 13+ £ 4 3 & (Above-ground Biomass, B ): B i 1% 38 ok 4p #c( Harvest

Index ) i » 3+ 5 154 2 £ (CropYield, Y )-
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032  BEF YRR LAk
237 &

4 %k £ e
G 5 ZFACEHRRE > T4 RIBEERS
N AN W gk E-f e E
R EEE L E T A S R -
B wigEEr L KRR RS LR
crop specific p s vative p )
cultivar specific parameters (length physiological stages)
gement (planting) and rooting depthidevelop
Step 1: air temperature (GD Days)
Green Crop Canopy (CC) Development I_ leaf expansion (Ks ez )
water stress earty Py (KSgen)
! leaf expansion (K 4z )
! soll fertility stress .
] soll salinity stress maximum canopy cover (Kscc,)
: canopy decling (fcpecane)
P dj for micro-advective effects (*)
Step2: v' — evaporative di dofthe ph
Tr = Ks CC* [Ksy Keq ] ETO ... (crop transpiration)
| t crop specific (conservative)
: adjustment for ageing (f,g,) and at senescence (f,,,)
] cold stress
) water stress b (Ks410)
Step3: ¢ 50il salinity stress (Ksu; yae) l— water logging (Ks,,)
B = Ksyp WP* I(Tr/ETo) .... (above-ground biomass)
] I_ crop specific (; lized for pheric CO, and cli
! | €o, ion (feoz)
: |_ ynthesized products (vegetative bi s, harvestable organs) (f,q)
(] soil fertility stress (Ks,;)
Step4: A4
Y = multiplier Hl, B ....(final crop yield)
cultivar specific
sufficient green canopy cover
depending on timing water stress before flowering ( f) water stress (Kspq )
and extent of stress —E failure of pollination (‘l heatstress (Ksy.. )
water stress during yield formation ( ]) cold stress (Kspc)

¥ 3-14 ~ AquaCrop 3+ & /i 42 ]

AquaCrop 7 127 = B H K 4% ¢ .CLI~ .CRO -~ .IRR~ .MAN ~.SOL ~ .GWT > & ] 5 %
Foed B 0 BEIE s D TR o AT R TR T RS 53 5
A %) % = 24 (Conservative Parameters ) £7 25 = 43 (Unconservative Parameters ) » i =
St AQUaCIop ¥ » ¢ S A B (T A BB R F RAEE > F (T e RS 0 7
TEFEFRRE ok AquaCrop # i % f8 3 S il > T A7 Ranfin T EE 4P ot 3
Al o & 3-3MP AT EHREAquaCrop Z HERFA  E P F R FHRE S § P B E
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PBBE P E 2P B ZFECE P A &% 47 £ 12 Hamon Equation 3+ & & 7> 4054 (3.34)
S T S §E Y R AR AR ARAT AR CBEHYE Bt w
BERER S REPURS RS BN AN TR ALFF AR &% LR R

AquaCrop & etrgt kinp d A2 4 FRPFfz > HP REEF S 23 KB ERiF S w E:]&sg/_ &

% 3-3 ~ Aquacrop ¥t A F7 § 2 & & 5 » Sdk

¥t ¥ iz
& o ¢ etk Rl E VRS
HEIR L
Transplanting to flowering
BEI R L
Transplanting to senescence
AT = BT
Transplanting to mature/harvast
R TR
Duration of flowering
bhotwk RER

GDD/p # T4 S A4 1

GDD/p # T4 A4 1

GDD/ p #y (et - E=y el

GDD/ p #y (i et - E=y el

. % T4 a4
Maximum canopy cover
fofkdp ¥ )
- 1% oA 4 1
Reference harvest index (HI) il SadE
B URE P ) mm ~ GDD/p # |i¥4 g-fa i
e - ST A RREAK
CN & - KRR F I R FRE
g fook 41 @ % ik mm/day N
IS VAR — J\fft’ LB B LLE
£ S SUE Y tSm@, 3 T E 4
E’Fé&’g;f‘;_"“v;\: i %‘]Fr/{:ﬁ"li?._q‘ﬁ},é_

AN E P PXTOHB o
F %R

PEMGE P ERBE 3B 2%(°C ~°C ~ mm/day
e mm/day
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v

=7 dc i 1AL 3 AgriHydro ¥ 0 A7 7 1% i Python Jk Sidk ity 4 0 % & AquaCrop Plug-
in 4=t ASEAE S BARE 22 TR L EE T IR EL LA T AL BB -
sb jgﬁﬂmx_ﬂ%}éq F’*%w"“'*g pta)?aﬁjwlgg\,m/ﬁkgriq ’ 4 zdgﬁy—r,kig ?"'fs,‘_;,;;

RN P s B E %&Rw?,_,v,{:uxgq'rj\ HosN K T

342 fAekEn PR AR B2 A 83

b3 AFT Y T ER TR FEL T e FoR T R 0 . 1*{ AquaCrop fir# T % < B
BORORZ S RA e okend R €T R €id 2 7 e AquaCrop A7 kiR KR (B 2 3k
AR RS g RERFEE £ ot b B AquaCrop PR FEEA KD G R A R R

LRI EFRETAL P RER > TR R RFE2 Ead A2 FE S gEd o 4
BT R RN ATHAR OB E o FORFDI RBERT §E R ORFEF 2 P OREHR > Ra g
ERERPIELERY TAFE AT OFERE & PP A FlRE L LFT - §

2001 # 4= » - F RF A5 7 7 7 (International Rice Research Institute, IRRI) & {73 § 3¢
SVRFERRRATL 0 A R R Rt LRI A F LR kY B end Y o ¥

L S el (4 R 15 omE 2 kA sE 4 % 30 kPa) # B45tk A (IRRI, 2001) - 7

TR ARRCTRIESN SR 2 k4 T F AT 14%3 40% (Castaneda, Bouman, Peng, &
Visperas, 2002 ) « F]p* » *FF 7 1395464 EREKICG T P E RS 440 E 0§

KRR DERPF A2 4e B 5 3 KR R E R T 37 > A2 4o 18 5 90%ehéefr 3 K B
;3T BT WL 50%Efr s kAR S AeM T AT R LA B EORE R BRF > SRR 14%

3 40%i A BB KR AE e R e R RET K2 A ] 0 4038 (3.39) ¢

Yieldg,,, =Yield ,.c.o, x SSRatio
[ 1 j (3.39)
SSRatio = g\ M=

2o Yieldy, 5 3 B ¥ ki kiR Liseng £ (ton/ha) 5 Yield e, » AquaCrop H-

AquaCro

#2 A F (ton/ha); SSRatio % Fl4AA 1 6] (%) N 5 7 & B3R -KiF2 8 % ¥ (day )
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N 5 RS KR B Rk KELE ) %5 2 B2 %% 8k (day) » 2 ABRELE 5

.~

(mm); az Ak S8 H ¢pfEmn LEF ZE R b FRFr 2 2 22 B
% %458 (3.40) ¢

a=0.86 if Ratio,,,., =0.99
a=0.75 if 0.99 > Ratio,,.; >0.75
a=0.65 if 0.75> Ratio >0.5

a=0.6 if 0.5<Ratio

(3.40)

reservoir

reservoir

H ¥ s RaliO g, & BT KB W oKL B o
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=%~ AgriHydro # 8 83A R KL= K

AXFEMRRF GRBLGEIAPTCAL ZEEME ol 41 EFEA T (1)
A+ ¢ 5 (Social-economic) £ # 4= 4= 312 (Biophysical ) F]+ ~(2) z & = & (Spatial Scale )
#r (3) ER <R (TimeScale) ‘e L ehz a7l » ¥ Pl A fFw 484 @ AR Y &
FHGUE T e AR T R R v AR e ikt 0 - 3P AgriHydro ¢
B R L Flla 5 Al S LM EFEMEE v ABdl - Y ¢ F Rl
RN 2w A KA w AR S Y 42 &9 i AgriHydro ffF & 2 T chix

PRmE P LS N o B s 343 89 31 FRAENRFEZ Hid WA R

gg‘,_:q:’,w%?:;‘;;f_ +,;, #,

=====17

Risk
) EX: Water system =) 1S
ssment

ry
1

Decision-making
Process

A 1
i Time scale .

1
i V

[ P R ——

Regional plan,
m—

Marketing, Subsidy ocal structure And

1

Regional local

Bl 4-1- F iz RBR'GEADPTFRFL ZHFELE FE R

41w
FERERGE DGR P AT M A S5 AT ¥ - B 41
I B G TP A F oA (K 41 24 wBE) AR G

B 0 REAITT LB o
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411 #Fm N ¢ dr B4

ELERES A B AT T A2 BaA A WL (1) ERE S PR AT (2)

ZRRARE (B)FFRAR -2 BREFNEIFELE Y hizie &8 (B FALS S

(J«

B2 fe) m ES B OB TR R w AR doR] 42 97 o R B2 B
PTERZ ZRZR T aF ST NSy R4 B R AL EAE S TS
chph b o AquaHydro B £ 7 p AR F S ¢ AR 0 g A o R T IREOR K RS R R0
P ARAPENL A FEEITRT IR HF - TR KT RERZ AHFEK
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106 £ | 70,874,141 13,093 | 5,413 | 5,419 | 14,591,543 | 4,245.43 | 3,437 | 3,437

T35 | 44,597,144 8,205 5,458 | 5,517 | 16,086,676 4,006 | 4,009 | 4,015
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Simulated SDI

Simulated SDI
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SDI: Rainfall Amount SDI: Rainfall Event
1.0 — 7
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Simulated Interstation Correlations
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2061 SREF RLEIHAAELSFHE KSR TEHIREF PR KWH TS

¥ e ?F KS¥ 7 (a=0.05) K-W # z_ (a=0.05)

? > |C0CbH40{C0OC590{C0C630|COCB50|C1C510| *# =% |C0C540({C0C590({C0CB30|{COCB50{C1C510| # F® = W
1 Pass | Reject | Pass Pass | Reject | Reject | Pass Pass Pass Pass Pass Pass Pass Pass
2 Reject | Reject | Reject | Reject | Reject | Reject | Pass Pass Pass Pass Pass Pass Pass Pass
3 Pass Pass Pass Pass Pass | Reject | Pass Pass Pass Pass Pass Pass Pass Pass
4 Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass
5 Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass
6 Reject | Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass
7 Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass
8 Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass
9 Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass
10 Pass Pass Pass Pass Pass | Reject | Pass Pass Pass Pass Pass Pass Pass Pass
11 Pass Pass | Reject | Reject | Pass | Reject | Pass Pass Pass Pass Pass Pass Pass Pass
12 Pass Pass | Reject | Pass | Reject | Reject | Pass Pass Pass Pass Pass Pass Pass Pass

3

e 2 2 3 2 3 6 0 0 0 0 0 0 0 0
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F 62~ FRlEEF RESAESNFEY THEFE TR LSS

e T (a=0.05)
LIPS LIS Pk PEBBR2 Y Tio PBigz ) Tia

CO0C540| COC590 [COCB30|COCH50|{C1C510| % F® | =+ |COC540|COC590|COC630|COCH50{C1C510| & ® | = & |COC540|COC590|COC630|COC650|C1C510| % F* Z R

Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass | Pass

Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass | Pass

Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass | Pass

Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass | Pass

Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass | Pass

Pass | Pass | Pass | Pass | Pass | Pass [Pass| Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass | Pass

Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass | Pass

Pass | Pass | Pass | Pass | Pass | Pass [Pass| Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass | Pass

OO0 NOODOT|A~ W (IN|PF

Pass [Reject| Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass | Pass

=
o

Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass |Reject

-
-

Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass |Reject

[EY
N

Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass | Pass

P

4%
-

0 1 0 0 0 0 |0 0 0 0 0 0 0|0 0 0 0 0 0 0 2
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063 SRlHF REAWNFE BELEE FRh s

BEF# % (a=0.05)
vy PRz ) R L Pagigs ? L Pz ) RS
COC540|C0OC590| COC630|COCH50|C1C510) F | =% |COC540|COC590|COC630{COC650(C1C510| % F* | = 4 [COC540|COC590|COC630|COC650|C1C510| % F* | =%

1 | Pass | Pass | Pass | Pass | Pass | Pass [Reject| Pass | Pass | Pass | Pass | Pass | Pass | Pass| Pass | Pass |Reject| Pass | Pass | Pass |Reject
2 | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass| Pass |Reject|Reject|Reject|Reject|Reject| Pass
3 |Reject[Reject|Reject|Reject|Reject| Pass [Reject| Pass | Pass | Pass | Pass | Pass | Pass | Pass |Reject|Reject|Reject|Reject|Reject|Reject|Reject
4 |Reject|Reject|Reject|Reject|Reject|Reject|Reject| Pass | Pass | Pass | Pass | Pass | Pass | Pass |Reject|Reject|Reject|Reject|Reject|Reject|Reject
5 |Reject|Reject|Reject|Reject|Reject|Reject|Reject| Pass | Pass | Pass | Pass | Pass | Pass | Pass |Reject|Reject|Reject|Reject|Reject|Reject|Reject
6 | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass |Reject|Reject|Reject|Reject|Reject|Reject|Reject
7 | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass | Pass | Pass | Pass | Pass | Pass
8 | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass| Pass | Pass | Pass | Pass | Pass | Pass | Pass
9 |Reject|Reject|Reject|Reject|Reject| Pass [Reject| Pass [Reject| Pass | Pass | Pass | Pass | Pass |Reject|Reject|Reject|Reject|Reject| Pass [Reject
10 [Reject|Reject| Pass | Pass | Pass | Pass |Reject| Pass | Pass | Pass | Pass | Pass | Pass |Pass| Pass | Pass |Reject|Reject| Pass | Pass |Reject
11 |Reject|Reject|Reject|Reject|Reject| Pass [Reject| Pass | Pass | Pass | Pass | Pass | Pass | Pass|Reject|Reject|Reject|Reject|Reject| Pass |Reject
12 |Reject|Reject|Reject|Reject|Reject|Reject|Reject| Pass | Pass | Pass | Pass | Pass | Pass | Pass |Reject|Reject|Reject|Reject|Reject|Reject|Reject

3

" 7 7 6 6 6 3 8 0 1 0 0 0 0 0 7 8 10 9 8 6 9
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62 -KERKE
6.2.1 GWLF /= & #:8 % 3%

953 531 &2 ¥k T AFF 7112008 £ 3] 2017 £ 2 F PR kR fro g R FHE T
PoRE R (2) BT %E GWLF P it B 32 e i 8 &2 £ PR E ~
R RREEZ G T Mo AT fpthe 3 7z > 3513224 (Root Mean Square Error, RMSE ) ~ 4
M 28 (r) > »e 28k (Coefficient of Efficiency, CE) ¥ %-3F 2 #ic ( Coefficient of Persistence,

CP)» # ¢ CE# CP 225 = 5 4r; (5.5)2 5% (5.6) :

Z(Ot _St)2
CE=1-3%——— (5.5)
tzll(Ot _0)2
(0,5,
CP=1--=2 (5.6)
tZZ:(Ot _Ot—1)2

2o o O S Al BT o B BT 05 BRI T2 T35E N 24
Tl E o CE & APt * TE IR > H N 2 FpR) 4 2t CP Rl & 4p o # 50 — i
%) 2 BRI E TEIER] 0 B R TR e o 8 L ARERT LARS o JGWLF &7 f pr T
CRRTOEME ZRGRE RESR (£ 6-4) TUBERD CREA R Aw AdpiET o
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)]

FEERPREXMEEEZWPENGRRTORFRF AR (B 6-7 2H 6-8) » 7 g
oo BEARABE L GWLF £ 24 » Aa AN EE LB hi M F 2028 o 4

S F Rt

GWLF 5% A& & 45 b e itz sok @éﬁls‘@ﬂir‘ g T2 &
PURRA TR R i AN S s R R R e o kBl E o AR (4
vk BN Ao SWAT % o Ra » F 8 KB AL G SR i o )0 4L B0 FRIEK

B8 F KBS B &8 GWLF i * % AR 2 n B ik -

% 6-4-GWLF 2 F R AT akEFEL %

e | = utcm s 1ok B
ﬁ%lﬂ'.p%ﬁ?? TPRkE>E  (cms) @@ g (cms)
RMSE r CE CP RMSE r CE CP
PR 88.07 0.78 0.52 0.44 12.78 0.85 0.64 0.68
A< i 21.12 0.97 0.92 0.94 5.46 0.87 0.73 0.81
TRRB 16.62 0.97 0.90 0.93 3.93 0.85 0.74 0.82
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% 65 kel o fi A RHKE LS

- Hfeir - AT

PPN R e o AR R A £ B 4 Atk ARR B E

HHLE @ FRE . FEE = 8E . FREE . FRE

(2 F42) (% %FH4) (% %FH4) (2 &FH2)

97 & | 6.479 | 5.416 5.417 5.416 5.417 5.902 | 3.720 3.740 3.720 3.740
98 & | 6.481 | 5.755 5.755 5.755 5.755 5976 | 4.171 4.171 4.171 4.171
99 & | 6.747 | 5.420 5.420 - - 6.092 | 3.735 3.735 - -
100 #| 6.421 | 5.853 5.858 5.853 5.858 6.134 | 4.339 4.339 4.339 4.339
101 #| 6.374 | 5.536 5.761 5.536 5.761 6.516 | 4.778 4.779 4.778 4.779
102 #| 6.537 | 4.806 5.152 - - 6.336 | 4.224 4.224 4.224 4.224
103 #| 6.515 | 5.360 5.361 - - 6.106 | 4.628 4.628 - -
104 #| 6318 | 5.514 5.514 5.514 5.514 6.277 | 3.898 3.936 3.898 3.936
105 #| 6.204 | 5.510 5.510 5.510 5.510 6.063 | 3.164 3.164 - -
106 #| 6.586 | 5.413 5.419 - - 5.948 | 3.437 3.437 3.437 3.437
Tiii -0.2936 -0.3633 0.3290 0.3024 0.594 0.597 0.756 0.764

¥ i~ . ton/ha
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% 66 RfSA T P B FREE A EHORE S
- P Aeir e IF i3
E AT P VFEZRE | vFEEYRE| AR (R E(ATPHRPAFFTLE|vEFREEYLE| % E |FrAE
(p) (mm) (mm) (mm) | (mm) (p) (mm) (mm) (mm) | (mm)
97 & 113.7 839.4 260.2 8773 | 579.1 93.9 759.1 480.8 805.6 | 2783
98 & 115.9 848.6 505.3 4849 | 3433 96.6 770.3 591.9 372.0 | 1783
99 & 118.2 856.4 329.0 738.6 | 527.4 98.3 773.9 490.2 459.9 | 283.7
100 & 119.2 869.5 467.1 796.4 | 402.5 97.7 765.8 615.6 456.1 | 150.2
101 & 112.5 831.6 288.3 1166.3 | 543.2 103.1 780.1 472.9 735.0 | 307.3
102 # 112.7 843.1 320.0 953.1 | 523.1 100.3 778.7 483.3 762.6 | 295.4
103 & 111.9 830.9 368.7 8219 | 462.2 95.7 768.7 607.0 2425 | 161.7
104 & 110.2 832.6 412.2 630.0 | 420.4 96.7 757.8 404.7 5529 | 353.1
105 & 110.5 830.3 236.5 991.4 | 593.8 92.6 752.6 413.0 500.8 | 339.6
106 & 113.1 837.4 320.1 1057.9 | 5172 93.1 769.9 644.4 311.1 | 1255
I3 113.8 842.0 350.8 851.8 | 491.2 96.8 767.7 520.4 519.9 | 2473
i 2.9 12.2 83.1 193.0 77.2 3.1 8.5 82.5 183.9 | 80.2
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P 8 FRE Pt B FIRE
104 & 3.300 = 3.639 1.156
105 & 3.352 1.336 3.360 0.992
106 & 3.163 0.810 3.413 1.099
1R | 1.000 0.869

H i+ . ton/ha
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et}

s
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P

Rt
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-—#rE - R
B (AT PO FEKkE|oREEY KR AR |[Foxa R A TPk |9 FZKE |9 RREEY KE| AR |Foxad
(p) (mm) (mm) (mm) | (mm) (p) (mm) (mm) (mm) | (mm)
104 & | 107.0 454.3 230.8 634.3 | 2235 105.7 388.6 176.9 562.7 | 211.6
105 & | 103.0 451.2 143.3 973.3 | 307.9 101.0 392.5 154.9 510.3 | 237.6
106 # | 107.7 448.7 127.6 1090.3 | 321.1 103.0 404.6 289.4 314.3 | 115.3
Ta | 105.9 451.4 167.2 899.3 | 284.2 103.2 395.2 207.1 462.4 | 188.2
EEL| 21 2.3 45.4 193.4 43.2 1.9 6.8 58.9 106.9 | 52.6
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= % ~ AgriHydro #3558 % 2343
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F 71~ 20 ixr L plba g 2R

Al A kg RCPhI faE g o @
L]

v K 2 3 3

% kB |2030s[2050s] 2070s [2090s(20305[20505[20705[20905|20305]20505]2070s] 20905
A £ [RCP2.6| 0.90 | 096 | 1.12 | 1.07 [ 085 [ 0.87 [ 0.84 [ 1.09 [ 1.03 | 1.01 | 1.14 | 1.08
Ratio [RCPS.5| 1.08 | 0.94 | 0.99 | 1.05 | 0.83 [ 0.83 [ 0.93 [ 0.92 | 1.01 | 1.06 | 0.98 | 1.03
2R |[RCP2.6] 071 | 120 | 145 [ 123 [ 153 [ 1.71 | 1.77 ] 1.75 | 1.55 | 1.80 | 1.82 | 1.70
Delta [RCP8.5 0.95 | 1.75 | 2.62 [ 331 0.86 | 2.11 | 2.69 [31641] 0.86 | 1.90 | 2.60 [ 347

] f)?\ 4 ] 5 ) 6 )

% kB |2030s[2050s] 2070s [2090s(20305[20505[20705[2090s|20305]20505]2070s] 20905
A £ [RCP2.6] 095 | 112 | 123 [ 1.13 [ 0.85 [ 1.03 [ 0.86 [ 1.01 [ 1.00 [ 1.27 | 1.14 | 1.30
Ratio [RCP8.5] 1.08 | 110 | 133 [ 144 1.00 [ 093 [ 125 [ 1.29 [ 142 | 1.19 | 1.36 [[168 |
R |[RCP2.6] 134 | 1.89 | 1.62 | 1.80 | 148 | 1.87 | 1.89 | 1.52 | 1.45 | 1.79 | 1.71 | 1.45
Delta [RCP8.5] 0.83 | 1.77 | 2.84 [31631 1.04 | 1.99 [ 2.88 [0 1.03 [ 2.02 [ 2.79 [3%65 ]

LS 7 8 * 97

% kB |2030s[2050s] 2070s [2090s(20305[20505[20705[20905|20305]20505]2070s] 20905
a £ [RCP2.6] 1.28 | 1.21 128 [ 129093 [ 088 [ 1.10 0.96
Ratio [RCP8.5| 1.26 | 1.20 114 [ 129 | 1.26 [ 158 1.20 [ 1.02 [ 1487 0.95
R |[RCP2.6| 1.06 | 1.44 0.89 | 136 [ 122 1.11 ] 0.99 [ 1.45 [ 133 | 1.17
Delta [RCP8.5| 0.90 | 1.82 073 | 1.71 [ 231 [348] 0.96 | 1.69 [ 255 [3i64

¥ 10 3 11 3 12 9

A kPR |2030s]2050s] 2070 [2090s(2030[20505[2070s[2090s|20305]2050s]2070s] 20905
£ [ReP2.6] 1.26 [[1521] 0.96 | 1.02 1.16 | 129 | 134 ] 0.83 [ 1.10 | 0.86 | 0.93
Ratio [RCP8.5| 1.12 | 0.97 | 1.02 [ 132 [ 1.20 [ 1.16 | 1.16 0.91 | 0.77 | 0.90 | 0.82
® R [RCP2.6| 1.11 | 1.68 | 127 | 1.15 | 1.18 | 1.49 | 1.48 | 1.26 | 1.06 [ 1.37 [ 1.44 [ 1.50
Delta [RCP8.5] 0.95 | 1.40 | 220 [3297 0.85 | 1.36 [ 2.26 [ 3:06 | 0.76 [ 1.72 [ 2.43 [325 ]
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T Mean Delta

Future Change of Monthly Mean Temperature
Month 1 Month 5 Month 9
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P Mean Ratio P Mean Ratio P Mean Ratio

P Mean Ratio

Future Change of Monthly Mean Precipitation
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T Std Ratio T Std Ratio T Std Ratio

T Std Ratio

Future Change of Monthly Standard Deviation of Temperature
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P Std Ratio P Std Ratio P Std Ratio

P Std Ratio

Future Change of Monthly Standard Deviation of Precipitation
Month 1 Month 5 Month 9
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+ 000 | 1.80 |0.04]004]|008 1.88 |1.88 | 18.80 2.00 1.70 | 4.40 | 0.07 | 0.07 [ 0.20 | 1.20 | 3.55 | 1.80 |14.99|149.90 || 16.87 | 168.70
12| ¢ | 000 | 1.80 |0.04|0.04(0.08| 1.88 | 1.88 | 18.80 2.00 1.70 | 4.40 | 0.07 | 0.07 [ 0.20 | 1.20 | 3.55 | 1.80 |14.99| 149.90 || 16.87 | 168.70
<= |l 000 | 1.80 |0.04|0.04|0.08| 1.88 | 1.88 | 20.68 2.00 1.70 | 4.40 | 0.07 | 0.07 [ 0.20 | 1.20 | 3.55 | 1.80 |14.99| 164.89 || 16.87 | 185.57
2 # ek | 1,706. 247.|3,965.8 5,672.6 1,424. 975.8|657.0 4,6175 10,290
(cmsD) | 73 [3,718.15 73| 8 1 730.00 620.50 | 20 |25.55|2555(84.47|74.40| 6 | 0 3 14
> #peok (14,746 34,265. 4415(729.8 8,431. 88,906
(g#) | .15 2 30,292.10 0| 2 43 81
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it FAPFR Y kI € R 106 xR A

AR ) ¥ - Hir ¥ - it
AT BT | PF | =R | R | BF P
7P 2 e QR 15> NI 4 2 O ARE | ;2
3 2
FE Ao g fFrt 1/25 | 1/25 | 1/25 | 1/25 | 1/25 | 1/25 | 1/25 | 1/25
few B (BB- = 200 | 200 | 200 | 200 200 200 200 200
A | fbm poikRiFE 15 15 15 15 15 15 15 15
A #p e 4x | 4=x | 4= | 4% | 4=x | 4=x | 4=x | 4=
'k BT #ic 40 % |40 = |40 =% (40 |15 =% |15 |15 % |16 =
FTE& Aw 2 fw KiE(D1)| 32 32 32 32 17 17 17 17
= - = (D2) 100 100 100 100 100 100
2] - =x (D3) 50 50 50 50 50 50
#w (D4) 30 30 30 180 30 30 30 180
Ap | pHEAR30OAPN | 72 | 76 | 81 | 101 | 76 8.1 84 | 10.8
N RiFE | p AR 31 R A 6.0 6.4 6.7 8.4 6.4 6.7 7.0 9.0
; BE | pEAR30=xp | 3% | 3% 3% | 3% | 3x | 3x | 3x | 3=
HEE | p A% 31 242 | 6% 6 * 6 = 6 % 6 = 6 = 6 = 6 =
Ao #Fa-kE (D) 756 | 804 | 846 | 1059 | 740 | 779 | 812 | 1044
EH TP E A on fFRORF 968 | 1016 | 1058 | 1271 | 937 976 | 1009 | 1241

Ao HREEKFES - HIF 12028 > H o Hp T 110 23 E o

6 A0 G2 fen KF (D) = (Aen 3 KiEHfen 455 p b RIFEXIEED Bio) X378 4
oomfF S o

v SRR

~ T = (FAR30 AP 2FPRIEX X )+ (FMAx 3L T 422 F pokiEXI X))
ST = (AR 30 X P2 poRiEX30 X )+ (§EMA% 31 X 4xz FopokiEX80 X )

37 & & v % -kiF = D1+D2+D3+D4+D5
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MEE s ARELRFBFHREBEE

# A-1-RCP26 & #» R2Z BRTHEZ D &

LINOS 3 - 3 .

7 - = =

K BFEL] 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s [ 2090s | 2030s | 2050s | 2070s | 2090s

C0C540| 0.72 | 120 | 146 | 123 | 152 | 169 [ 1.77 | 1.73 | 1.54 | 1.78 | 1.82 | 1.69

C0C590| 0.72 1120 | 146 | 123 | 154 | 1.71 | 178 | 1.74 | 1.57 | 181 | 1.85 | 1.71

C0C630| 0.71 | 119 | 145 | 122 | 154 | 171 [ 177 | 1.75 | 1.55 | 1.80 | 1.82 | 1.70

C0C650 | 0.72 | 119 | 145 | 122 | 154 | 1.72 | 1.77 | 1.76 | 1.57 | 182 | 1.84 | 1.71

C1C510| 0.71 | 119 | 145 | 123 | 154 | 1.72 | 178 | 1.75 | 1.58 | 1.82 | 1.85 | 1.72

Sansia | 0.72 | 122 | 147 | 122 | 155 | 172 | 1.78 | 1.76 | 1.55 | 1.80 | 1.81 | 1.69

Shimen | 0.71 | 1.20 | 144 | 1.21 | 152 | 169 | 1.74 | 1.74 | 149 | 1.74 | 1.75 | 1.66

i r 7 Ny

H K P | 2030s | 2050s | 2070s [ 2090s | 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s

C0C540| 1.33 | 188 | 1.62 | 1.80 | 1.49 | 1.88 | 1.90 | 1.53 | 1.46 | 1.80 | 1.73 | 1.46

C0C590| 1.34 | 188 | 162 | 180 | 1.48 | 1.86 | 1.87 | 1.53 | 147 | 181 | 1.74 | 1.47

C0C630| 1.35 | 191 | 164 | 181 | 150 | 1.89 [ 190 | 1.53 | 145 | 1.78 | 1.71 | 1.45

C0C650 | 1.35 | 191 | 164 | 182 | 149 | 188 | 189 | 1.53 | 1.44 | 1.78 | 1.70 | 1.45

C1C510] 135 1189 | 1.63 | 1.81 | 149 | 1.86 | 1.88 | 1.54 | 147 | 181 | 1.73 | 1.47

Sansia | 1.35 1193 | 163 | 182 | 153 | 194 | 194 | 153 | 148 | 182 | 1.74 | 1.46

Shimen | 1.29 | 1.86 | 1.59 | 1.76 | 142 | 180 | 1.82 | 146 | 1.38 | 1.70 | 1.64 | 1.39

LENES ! A3 4

& FFEL| 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s [ 2090s | 2030s | 2050s | 2070s | 2090s

CO0C540 | 106 | 144 | 135|124 | 090 | 137 | 123 | 112 | 101 | 147|135 118

COC590 | 106 | 144 | 135|125 | 088 | 1.35 | 1.22 | 1.11 | 0.99 | 145 | 134 | 1.18

C0C630| 1.06 | 144 | 1.35 | 125 | 090 [ 138 [ 124|112 | 099 | 145 | 133 | 1.16

C0C650 | 1.04 | 142 | 133 | 124 | 089 | 135|122 | 111 | 097 | 142|131 | 1.15

Ci1C510| 107 | 146 | 1.36 | 1.26 | 0.89 | 136 | 1.22 | 1.12 | 097 | 143 | 1.32 | 1.16

Sansia | 1.07 | 146 | 1.36 | 1.24 | 091 | 1.39 | 124 | 1.12 | 1.04 | 150 | 1.37 | 1.19

Shimen | 1.05 {144 | 135 | 123 | 0.88 | 1.35 ]| 121 | 1.10 | 099 | 144 | 1.32 | 1.15

LIS Ly L 1 - 3

+ % p¥ £<| 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s

CO0C540 | 1.12 | 169 | 1.28 | 1.15 | 1.19 | 149 | 148 | 1.27 | 1.06 | 1.37 | 1.43 | 151

CO0C590 | 1.09 | 165|125 | 114 | 1.16 | 146 | 146 | 1.25 | 106 | 137 | 1.44 | 151

C0C630| 1.11 | 168 | 1.27 | 114 | 1.18 | 150 | 148 | 1.27 | 1.06 | 1.37 | 1.44 | 1.50

CO0C650 | 1.09 | 164 | 1.25 | 113 | 1.17 | 148 | 146 | 1.26 | 1.06 | 1.37 | 1.43 | 1.50

Ci1C510| 108 | 162 | 1.24 | 1.13 | 1.16 | 145 | 144 | 1.25 | 1.06 | 1.36 | 1.44 | 1.50

Sansia | 1.18 | 1.79 | 133 | 1.19 | 1.22 | 156 | 153 | 1.29 | 1.08 | 1.39 | 145 | 1.52

Shimen | 1.11 [ 1.70 | 1.27 | 114 | 1.18 | 150 | 1.48 | 1.26 | 1.06 | 1.36 | 1.43 | 1.48

138

d0i:10.6342/NTU201900432



% A2 RCP85 4 A %2 R T I &

CINOS — 3 - n = \4

# % FFEL| 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s

C0C540| 095 | 1.77 | 264 | 3.33 | 0.86 | 212 | 2.69 | 3.65 | 0.87 | 1.89 | 2.60 | 3.48

C0C590| 094 | 1.77 | 262 | 3.32 | 0.87 | 212 | 269 | 3.64 | 0.87 | 1.90 | 2.61 | 3.48

C0C630| 095 | 1.75 | 262 | 3.31 | 0.86 | 2.11 | 2.70 | 3.64 | 0.86 | 1.91 | 2.60 | 3.47

C0C650| 094 | 1.75 | 261 | 3.31 | 0.85 | 211 | 270 | 3.64 | 0.86 | 1.91 | 2.61 | 3.4/

C1C510| 094 | 1.75 | 261 [ 3.30 | 0.87 | 211 | 268 | 3.63 | 0.87 | 1.90 | 2.61 | 3.48

Sansia | 0.96 | 1.75 | 2.63 [ 8.32 | 0.85 | 2.12 | 2.69 [ 3.65 | 0.86 | 1.90 | 2.59 | 3.47

Shimen | 0.95 | 1.74 | 2.62 | 3.31 | 0.83 | 210 | 2.69 | 3.63 | 0.85 | 1.91 | 259 | 3.45

gf)a\ ‘l_._)g 7 A = A

H & pFEL| 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s

C0C540| 0.83 | 1.77 | 2.84 [ 3.64 | 1.05 | 1.99 | 287 | 3.72 | 1.04 | 2.02 | 2.80 | 3.66

C0C590| 0.84 | 1.77 | 2.84 [ 3.64 | 1.04 | 1.98 | 286 | 3.71 | 1.04 | 2.02 | 2.80 | 3.66

C0C630| 0.83 | 1.77 | 2.86 | 3.63 | 1.04 | 2.00 [ 2.89 | 3.72 | 1.03 | 2.02 | 2.79 | 3.65

C0C650 | 0.83 | 1.77 | 2.85 | 3.63 | 1.04 | 2.00 | 2.89 | 8.72 | 1.03 | 2.02 | 2.79 | 3.65

C1C510| 0.83 | 1.76 | 2.84 | 3.63 | 1.03 | 1.98 | 2.87 | 3.71 | 1.04 | 2.01 | 2.80 | 3.66

Sansia | 0.82 | 1.76 | 2.84 [ 8362 | 1.05 | 2.00 | 2.89 | 3.72 | 1.03 | 2.03 | 2.78 | 3.64

Shimen | 0.82 | 1.76 | 2.84 | 3.61 | 1.02 | 1.99 | 2.88 | 3.68 | 1.02 | 2.00 | 2.76 | 3.61

LENES ! A3 4

# %k FFEL| 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s

C0C540| 091 | 1.82 | 256 | 853 | 0.74 | 1.71 | 232 | 343 | 096 | 1.69 | 2.56 | 3.66

C0C590 | 0.90 | 1.82 | 2.56 | 3.54 | 0.74 | 1.71 | 233 | 344 | 095 | 1.7/0 | 2.57 | 3.66

C0C630 | 0.90 | 1.83 | 256 | 852 | 0.73 | 1.72 | 232 | 343 | 0.96 | 1.69 | 2.55 | 3.64

C0C650 | 091 | 1.83 | 256 [ 352 | 0.74 | 1.72 | 232 | 343 | 0.96 | 1.69 | 2.56 | 3.64

C1C510| 091 | 1.83 | 257 [ 353 | 0.75 | 1.72 | 233 | 345 | 0.96 | 1.70 | 257 | 3.65

Sansia | 0.89 | 1.82 | 253 [ 850 | 0.71 | 1.70 | 2.29 | 340 | 0.96 | 1.67 | 2.53 | 3.64

Shimen | 0.90 | 1.82 | 255 | 349 | 0.73 | 1.70 | 2.30 | 3.40 | 0.96 | 1.68 | 2.51 | 3.61

LINOS L a L _ 3 L -3

# & pF £<| 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s

C0C540| 095 | 1.39 | 2.20 | 3.29 | 0.85 | 1.37 | 227 | 3.06 | 0.76 | 1.73 | 2.44 | 3.26

C0C590| 094 | 140 | 221 [ 329 | 0.85 | 1.38 | 227 | 3.06 | 0.76 | 1.73 | 2.44 | 3.26

C0C630| 095 | 140 | 2.20 | 3.28 | 0.86 | 1.37 | 226 | 3.07 | 0.76 | 1.72 | 243 | 3.24

C0C650 | 095 | 141 | 221 | 329 | 0.85 | 1.37 | 227 | 3.06 | 0.76 | 1.72 | 2.43 | 3.24

CI1C510| 094 | 141 | 222 | 329 | 0.85 | 1.38 | 2.28 | 3.07 | 0.75 | 1.72 | 2.44 | 3.25

Sansia | 0.95 | 1.37 | 2.16 | 3.28 | 0.85 | 1.34 | 224 | 3.04 | 0.76 | 1.72 | 2.43 | 3.24

Shimen | 0.96 | 1.40 | 2.18 | 3.29 | 0.85 | 1.36 | 225 | 3.07 | 0.76 | 1.72 | 2.42 | 3.23
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3 A-3-RCP26 4 A %2 BTt @

LI —
+ % P¥ £ 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s
C0C540 | 090 | 096 | 1.13 | 1.08 | 0.85 | 0.87 | 0.85 | 1.09 | 1.03 | 1.02 | 1.14 | 1.08
C0C590 | 090 | 096 | 1.13 | 1.08 | 0.85 | 0.87 | 0.84 | 1.09 | 1.03 | 1.02 | 1.14 | 1.08
C0C630 | 090 | 0.96 | 1.12 | 1.07 | 0.85 | 0.87 | 0.84 | 1.09 | 1.03 | 1.01 | 1.14 | 1.08
C0C650 | 090 | 096 | 1.12 | 1.08 | 0.85 | 0.88 | 0.84 | 1.09 | 1.03 | 1.01 | 1.13 | 1.08
C1C510 | 089 | 096 | 1.14 | 1.08 | 0.84 | 0.87 | 0.84 | 1.09 | 1.03 | 1.02 | 1.14 | 1.08
Sansia | 0.89 | 095 | 1.12 | 1.06 | 0.85 | 0.87 | 0.85 | 1.10 | 1.04 | 1.01 | 1.15 | 1.08

Shimen | 0.90 | 0.96 | 1.12 | 1.06 | 0.86 | 0.88 | 0.85 | 1.12 | 1.03 | 1.01 | 1.14 | 1.08

2 A - A =\

LENES oz 8 Ea .
A % pFEL| 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s [ 2090s | 2030s | 2050s | 2070s | 2090s
C0C540| 095 | 112 | 1.23 | 1.13 | 0.84 | 1.04 | 0.86 | 1.01 | 1.00 1.17
C0C590| 095 | 113 | 1.24 | 1.13 | 0.84 | 1.03 | 0.85 | 1.01 | 1.02 1.19

C0C630| 095 | 112 | 1.24 | 113 | 0.85 | 1.04 | 0.86 | 1.01 | 0.99 | 1.26 | 1.13
C0C650 | 095 | 1.11 | 124 | 1.13 | 0.84 | 1.03 | 0.85 | 1.01 | 0.99 | 1.27 | 1.13
C1C510| 095 | 1.12 | 1.24 | 1.13 | 0.82 | 1.02 | 0.83 | 1.00 | 1.01 1.17
Sansia | 095 | 1.12 | 1.24 | 1.13 | 0.86 | 1.05 | 0.88 | 1.02 | 0.97 | 1.23 | 1.11 | 1.25
Shimen | 095 | 1.09 | 1.21 | 1.11 | 0.87 | 1.02 | 0.88 | 1.01 | 0.98 | 1.18 | 1.08 | 1.21
LENES = PN 4 7
%k FFEL| 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s
C0C540 092 | 0.88 | 1.13 | 0.98
C0C590 0.92 | 0.87 | 1.11 | 0.99
C0C630 | 1.26 | 1.17 0.93 | 0.89 | 1.10 | 0.95
C0C650 0.93 | 0.88 | 1.09 | 0.95
C1C510 0.93 | 0.88 | 1.10 | 0.98
Sansia | 1.27 | 1.19 0.93 | 0.89 | 1.11 | 0.94
Shimen | 1.25 | 1.22 0.94 | 0.88 | 1.09 | 0.93

LINEN L n 3 L -
# % pF £ | 2030s | 2050s | 2070s 2070s | 2090s | 2030s | 2050s | 2070s | 2090s
C0C540 0.84 | 1.10 | 0.86 | 0.94

C0C590 0.83 | 1.08 | 0.86 | 0.93

C0C630 | 1.25 0.84 | 1.10 | 0.86 | 0.94
C0C650 | 1.25 0.83 | 1.10 | 0.86 | 0.93
C1C510 | 1.27 0.80 | 1.08 | 0.85 | 0.92

Sansia | 1.24 0.84 | 1.12 | 0.86 | 0.94

Shimen | 1.24 0.83 | 1.10 | 0.86 | 0.93
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% A-4~RCP85 4 i~ %2 & & THEi3 ot &

LIRS — B - [EAL
# %k FFEL| 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s
C0C540 | 1.09 | 0.96 | 1.00 | 1.04 | 0.83 | 0.84 | 0.93 | 091 | 1.01 | 1.07 | 0.98 | 1.03
C0C590 | 1.09 | 0.96 | 1.01 | 1.05 | 0.83 | 0.84 | 0.93 | 0.92 | 1.01 | 1.07 | 0.98 | 1.04
C0C630| 1.08 | 0.94 | 0.99 | 1.05 | 0.83 | 0.83 | 0.93 | 0.92 | 1.01 | 1.06 | 0.98 | 1.02
C0C650 | 1.08 | 0.93 | 0.99 | 1.05 | 0.83 | 0.83 | 0.93 | 0.92 | 1.01 | 1.06 | 0.98 | 1.02
C1C510| 1.09 | 0.95 | 1.00 | 1.06 | 0.82 | 0.83 | 0.93 | 0.92 | 1.02 | 1.06 | 0.98 | 1.03
Sansia | 1.07 | 0.93 | 0.99 | 1.04 | 0.83 | 0.84 | 0.93 | 0.92 | 1.01 | 1.07 | 0.98 | 1.04
Shimen | 1.08 | 0.93 | 0.98 | 1.04 | 0.83 | 0.84 | 0.94 | 0.92 | 1.00 | 1.05 | 0.97 | 1.01
LENES 7 7 Ea 28
+ K pFEL| 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s
C0C540 | 1.08 | 1.10 | 1.33 1.01 | 0.93 | 1.27 | 1.30
C0C590 | 1.08 | 1.10 | 1.34 1.01 | 092 | 1.26 | 1.31
C0C630 | 1.08 | 1.10 | 1.33 1.00 | 0.93 | 1.26 | 1.29
C0C650 | 1.08 | 1.10 | 1.32 1.00 | 0.93 | 1.25 | 1.28
C1C510 | 1.08 | 1.10 | 1.34 1.01 | 092 | 1.25 | 1.31
Sansia | 1.08 | 1.11 | 1.34 099 [ 094|126 | 129 | 1.36 | 1.13
Shimen | 1.05 | 1.08 | 1.29 | 1.39 | 098 | 095 | 1.23 | 1.26 | 1.31 | 1.10 | 1.23
LIS N PN 4
# & FFEL| 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s
COC540 | 1.27 | 1.19 126 | 1.14 | 1.31 | 1.28 1.22 | 1.03 0.96
COC590 | 1.30 | 1.23 128 | 1.16 | 1.34 | 1.30 1.20 | 1.03 0.96
C0C630 | 1.22 | 1.16 118 | 1.13 | 1.25 | 1.23 1.20 | 1.01 0.95
COC650 | 1.24 | 1.18 120 | 1.14 | 1.27 | 1.25 1.20 | 1.02 0.95
C1C510 | 1.29 | 1.20 126 | 1.15 | 1.32 | 1.29 1.21 | 1.03 0.96
Sansia | 1.24 | 1.18 119 | 1.13 | 125 | 1.24 1.20 | 0.99 0.95
Shimen | 1.24 | 1.22 118 | 1.15 | 1.28 | 1.26 1.19 | 1.00 0.95
LINEN L on L _ L -
# & pF £<| 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s
C0C540| 1.15 | 098 | 1.03 | 1.33 | 1.19 | 1.12 | 1.11 091 | 0.78 | 0.91 | 0.82
C0C590| 1.15 | 1.00 | 1.04 | 135 | 1.21 | 1.14 | 1.13 091 | 0.77 | 091 | 0.81
C0C630| 1.11 | 0.95| 101 [ 131 | 1.21 | 1.19 | 1.19 0.92 | 0.76 | 0.90 | 0.83
C0C650| 1.11 | 0.95| 1.01 | 1.30 | 1.21 | 1.19 | 1.19 0.92 | 0.77 | 0.90 | 0.83
C1C510| 1.11 | 099 | 1.03 [ 133 | 1.23 | 1.19 | 1.18 091 | 0.75 ] 0.91 | 0.80
Sansia | 1.12 | 095 | 1.01 [ 1.28 | 1.17 | 1.12 | 1.15 092 | 0.78 | 0.91 | 0.82
Shimen | 1.12 | 0.95 | 1.01 | 1.31 | 1.17 | 1.16 | 1.16 091 | 0.77 | 0.89 | 0.83
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% B-1-RCP26 &£ &~ %2 BREEL BT &

CINOS — 3 - n = \4

A K FFEL 20308 | 2050s | 2070s | 2090s | 2030s | 2050s [ 2070s [ 2090s | 2030s | 2050s | 2070s | 2090s

C0C540 | 098 | 0.96 | 0.99 | 0.99 | 1.02 | 1.04 | 1.01 | 1.05 | 1.07 | 1.07 | 1.04 | 1.04

C0C590 | 0.98 | 0.96 | 0.99 | 0.99 | 1.03 | 1.06 | 1.02 | 1.06 | 1.08 | 1.08 | 1.05 | 1.05

C0C630 | 097 | 0.96 | 0.98 | 0.98 | 1.01 | 1.04 | 1.00 | 1.05 | 1.06 | 1.07 | 1.04 | 1.04

C0C650 | 0.98 | 0.96 | 0.99 | 0.98 | 1.02 | 1.04 | 1.01 | 1.05 | 1.06 | 1.07 | 1.04 | 1.04

CIC510] 098 | 0.97 | 0.99 | 0.99 | 1.03 | 1.06 | 1.02 | 1.06 | 1.08 | 1.08 | 1.05 | 1.05

Sansia | 0.97 | 0.96 | 0.98 | 0.99 | 1.01 | 1.04 | 1.00 | 1.04 | 1.05 | 1.06 | 1.03 | 1.04

Shimen | 0.97 | 0.95 | 098 | 098 | 0.99 | 1.02 | 0.99 | 1.03 | 1.03 | 1.03 | 1.01 | 1.02

gf)a\ ‘l_._)g 7 A = A

K FFEL] 2030s | 2050s | 2070s | 2090s | 2030s |2050s [ 2070s [ 2090s | 2030s | 2050s | 2070s | 2090s

C0C540 | 097 | 0.95 | 0.92 | 0.96 | 1.00 | 0.95 | 0.94 | 0.98 | 0.82 | 0.74 | 0.79 | 0.89

C0C590 | 0.98 | 0.95 | 0.92 | 0.96 | 1.00 | 0.94 | 0.94 | 0.98 | 0.84 | 0.76 | 0.80 | 0.90

C0C630 | 0.98 | 0.95 | 0.92 | 0.96 | 0.99 | 095 | 0.94 | 0.98 | 0.82 | 0.74 | 0.79 | 0.88

C0C650 | 0.98 | 0.95 | 0.92 | 0.96 | 0.99 | 095 | 094 | 0.98 | 0.83 | 0.75 | 0.80 | 0.88

C1C510] 098 | 095 | 092 | 0.96 | 1.00 | 095 | 094 | 0.98 | 0.85 | 0.77 | 0.81 | 0.90

Sansia | 0.97 | 0.95 | 093 | 096 | 1.00 | 0.95 | 0.95 | 0.98 | 0.82 | 0.75 | 0.79 | 0.89

Shimen | 0.97 | 0.94 | 0.92 | 0.95 | 0.99 | 0.95 | 0.95 | 0.98 | 0.85 | 0.77 | 0.82 | 0.90

LENES = N 4 7

A K FFEL 2030s | 2050s | 2070s | 2090s | 2030s | 2050s [ 2070s [ 2090s | 2030s | 2050s | 2070s | 2090s

C0C540 | 0.86 | 0.82 | 0.86 | 0.97 | 0.96 | 092 | 0.93 | 1.00 | 0.97 | 0.88 | 0.95 | 0.93

C0C590 | 0.87 | 0.83 | 0.87 | 0.97 | 095 | 091 | 092 | 0.99 | 0.97 | 0.89 | 0.95 | 0.93

C0C630 | 0.86 | 0.82 | 0.86 | 0.97 | 0.96 | 091 | 092 | 1.00 | 0.98 | 0.89 | 0.95 | 0.93

C0C650 | 0.85 | 0.81 | 0.86 | 0.96 | 0.95 | 0.90 | 0.92 | 0.99 | 0.97 | 0.88 | 0.95 | 0.93

CIC510] 0.88 | 0.83 | 0.87 | 0.97 | 095 | 091 | 0.92 | 1.00 | 0.98 | 0.89 | 0.96 | 0.93

Sansia | 0.87 | 0.83 | 0.87 | 098 | 0.97 | 094 | 0.94 | 1.00 | 0.96 | 0.86 | 0.93 | 0.92

Shimen | 0.88 | 0.83 | 0.87 | 0.97 | 0.97 | 0.92 | 0.93 | 1.00 | 0.97 | 0.88 | 0.95 | 0.92

LINOS L a L _ 3 L -3

A K PF £ 2030s | 2050s [ 2070s | 2090s | 2030s | 2050s | 2070s | 2090s | 2030s |2050s | 2070s [ 2090s

C0C540 | 0.98 | 0.95 | 0.96 | 1.01 | 0.90 | 0.94 | 0.96 | 0.99 | 1.02 | 0.95 | 0.98 | 0.97

C0C590 | 0.98 | 0.95 | 0.96 | 1.01 | 0.90 | 0.93 | 095 | 098 | 1.02 | 0.95 | 0.98 | 0.97

C0C630 | 098 | 0.95 | 0.96 | 1.01 | 0.90 | 0.93 | 0.96 | 0.99 | 1.02 | 0.95 | 0.98 | 0.97

C0C650 | 0.97 | 095 | 0.96 | 1.01 | 0.90 | 093 | 0.95 | 098 | 1.02 | 0.95 | 0.98 | 0.97

CIC510| 098 | 095 | 0.96 | 1.01 | 0.90 | 093 | 094 | 0.98 | 1.03 | 0.95 | 0.99 | 0.97

Sansia | 0.97 | 0.95 | 0.96 | 1.01 | 092 | 0.95 | 0.97 | 1.00 | 1.03 | 0.96 | 0.98 | 0.98

Shimen | 0.97 | 0.95 | 0.95 | 1.00 | 0.90 | 0.94 | 0.96 | 0.99 | 1.03 | 0.95 | 0.98 | 0.97
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CINOS — 3 - n = \4

A K FFEL 20308 | 2050s | 2070s | 2090s | 2030s | 2050s [ 2070s [2090s | 2030s | 2050s | 2070s | 2090s

C0C540 | 1.00 | 096 | 0.99 | 094 | 1.06 | 1.03 | 1.02 | 0.98 | 0.99 | 0.98 | 1.03 | 0.98

C0C590 | 1.00 | 0.96 | 0.99 | 0.94 | 1.06 | 1.03 | 1.03 | 0.99 | 0.99 | 0.98 | 1.04 | 0.99

C0C630 | 099 | 096 | 0.98 | 0.94 | 1.05 | 1.03 | 1.01 | 0.98 | 0.98 | 0.98 | 1.03 | 0.98

C0C650 | 0.99 | 0.96 | 0.98 | 0.94 | 1.05 | 1.03 | 1.02 | 0.98 | 0.98 | 0.98 | 1.03 | 0.98

CIC510] 099 | 0.96 | 0.99 | 0.94 | 1.06 | 1.04 | 1.02 | 0.98 | 0.99 | 0.99 | 1.04 | 0.99

Sansia | 0.99 | 0.96 | 0.98 | 0.93 | 1.05 | 1.03 | 1.01 | 0.98 | 0.97 | 0.98 | 1.02 | 0.98

Shimen | 0.99 | 0.96 | 0.98 | 0.93 | 1.05 | 1.02 | 1.01 | 0.98 | 0.97 | 0.97 | 1.01 | 0.97

gf}a\ W_._)g 7 A = A

K FFEL] 2030s | 2050s | 2070s | 2090s | 2030s |2050s [ 2070s [ 2090s | 2030s | 2050s | 2070s | 2090s

C0C540 | 098 | 0.98 | 1.00 | 0.96 | 1.01 | 1.01 | 1.00 | 1.05 | 0.98 | 1.00 | 1.02 | 1.03

C0C590 | 098 | 0.98 | 1.00 | 0.96 | 1.01 | 1.00 | 1.00 | 1.04 | 0.98 | 1.00 | 1.02 | 1.03

C0C630 | 098 | 0.98 | 0.99 | 0.97 | 1.02 | 1.01 | 1.00 | 1.05 | 0.97 | 0.99 | 1.01 | 1.03

C0C650 | 0.98 | 098 | 0.99 | 0.96 | 1.02 | 1.00 | 1.00 | 1.05 | 0.98 | 1.00 | 1.01 | 1.03

C1C510] 098 | 098 | 0.99 | 0.96 | 1.01 | 1.00 | 1.00 | 1.04 | 098 | 1.01 | 1.02 | 1.03

Sansia | 098 | 0.97 | 099 | 096 | 1.02 | 1.01 | 1.01 | 1.06 | 0.97 | 0.99 | 1.01 | 1.03

Shimen | 0.98 | 0.98 | 0.99 | 0.96 | 1.03 | 1.01 | 1.00 | 1.06 | 0.98 | 0.99 | 1.01 | 1.04

LENES = N 4 7

A K PFE]2030s |2050s [ 2070s [ 2090s | 2030s | 2050s | 2070s | 2090s | 2030s | 2050s | 2070s | 2090s

C0C540 | 096 | 1.01 | 1.03 | 0.96 | 1.05 | 1.06 | 1.12 | 1.09 | 092 | 1.03 | 1.08 | 0.97

C0C590 | 096 | 1.01 | 1.02 | 0.95 | 1.05 | 1.06 | 1.11 | 1.08 | 0.92 | 1.03 | 1.08 | 0.96

C0C630| 098 | 1.01 | 1.03 | 0.97 | 1.06 | 1.05 | 1.10 | 1.08 | 0.92 | 1.02 | 1.08 | 0.96

C0C650 | 097 | 1.01 | 1.02 | 0.97 | 1.05 | 1.05 | 1.10 | 1.08 | 0.93 | 1.02 | 1.08 | 0.96

CIC510] 096 | 1.01 | 1.01 | 0.96 | 1.05 | 1.05 | 1.11 | 1.08 | 0.92 | 1.03 | 1.08 | 0.96

Sansia | 0.98 | 1.00 | 1.03 | 0.97 | 1.05 | 1.05 | 1.10 | 1.09 | 0.92 | 1.02 | 1.07 | 0.96

Shimen | 0.98 | 0.99 | 1.02 | 098 | 1.06 | 1.05 | 1.10 | 1.08 | 0.93 | 1.02 | 1.07 | 0.97

LINOS L a L _ 3 L -3

A K FFEL 20308 | 2050s | 2070s | 2090s | 2030s | 2050s [ 2070s [2090s | 2030s | 2050s | 2070s | 2090s

C0C540 | 1.01 | 1.01 | 1.01 | 1.02 | 0.97 | 0.94 | 0.93 | 0.90 | 0.99 | 0.96 | 0.98 | 0.89

C0C590 | 1.02 | 1.01 | 1.01 | 1.02 | 0.97 | 0.95 | 0.93 | 0.89 | 0.99 | 0.96 | 0.98 | 0.88

C0C630 | 1.01 | 1.01 | 1.01 | 1.02 | 0.97 | 0.95 | 0.93 | 0.90 | 0.99 | 0.96 | 0.97 | 0.89

C0C650 | 1.02 | 1.01 | 1.01 | 1.02 | 0.98 | 0.95 | 0.93 | 0.90 | 0.99 | 0.96 | 0.98 | 0.89

CIC510 | 1.02 | 1.01 | 1.01 | 1.03 | 0.97 | 0.95 | 093 | 0.90 | 0.99 | 0.96 | 0.98 | 0.88

Sansia | 1.01 | 1.00 | 1.01 | 1.02 | 0.97 | 0.95 | 0.93 | 0.90 | 0.98 | 0.96 | 0.97 | 0.89

Shimen | 1.02 | 1.00 | 1.01 | 1.01 | 0.98 | 0.95 | 0.93 | 0.90 | 0.99 | 0.96 | 0.97 | 0.89
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1B

LD - -7 [EAL
A K FFEL 20308 | 2050s | 2070s | 2090s | 2030s | 2050s [ 2070s [2090s | 2030s | 2050s | 2070s | 2090s
C0C540 | 1.11 | 1.04 | 1.12 | 1.28 | 1.05 | 0.90 | 0.85 | 0.98 | 0.96 | 0.99 | 1.10 | 0.99
C0C590 | 1.13 | 1.04 | 1.12 | 1.29 | 1.06 | 0.90 | 0.86 | 0.99 | 0.96 | 0.99 | 1.10 | 1.00
C0C630 | 1.12 | 1.02 | 1.08 | 1.29 | 1.05 | 0.90 | 0.86 | 0.98 | 0.97 | 0.99 | 1.11 | 1.01
C0Ce650 | 1.11 | 1.02 | 1.08 | 1.29 | 1.02 | 0.90 | 0.85 | 0.98 | 0.97 | 0.99 | 1.12 | 1.00
CIC510 | 1.11 | 1.03 | 1.12 | 1.27 | 1.05 | 0.89 | 0.86 | 0.98 | 0.97 | 0.99 | 1.11 | 0.99
Sansia | 1.09 | 1.01 | 1.07 | 1.24 | 1.06 | 0.90 | 0.87 | 0.96 | 0.98 | 0.98 | 1.11 | 1.00
Shimen | 1.12 | 1.00 | 1.06 | 1.27 | 1.08 | 0.90 | 0.86 | 1.00 | 0.97 | 0.99 | 1.13 | 1.03
LENES 7 7 Ea 28
K FFEL] 2030s | 2050s | 2070s | 2090s | 2030s |2050s [2070s [ 2090s | 2030s | 2050s | 2070s | 2090s
C0C540| 091 | 1.03 | 1.07 | 0.97 | 0.85 | 0.96 | 0.86 | 1.01 | 1.19 | 1.16 | 1.09 | 1.13
C0C590| 090 | 1.01 | 1.04 | 0.95 | 0.85 | 095 | 0.83 | 1.01 | 1.20 | 1.16 | 1.08 | 1.12
C0C630| 092 | 1.06 | 1.08 | 0.97 | 0.88 | 097 | 0.84 | 1.03 | 1.19 | 1.15 | 1.08 | 1.17
C0C650 | 094 | 1.08 | 1.10 | 1.00 | 0.88 | 0.96 | 0.83 | 1.02 | 1.18 | 1.14 | 1.07 | 1.16
C1C510] 090 | 1.03 | 1.06 | 0.95 | 0.85 | 094 | 0.81 | 1.02 | 1.19 | 1.13 | 1.07 | 1.13
Sansia | 091 | 1.02 | 1.05 | 094 | 090 | 098 | 0.87 | 1.04 | 1.18 | 1.16 | 1.09 | 1.18
Shimen | 0.93 | 1.07 | 1.07 | 0.99 | 0.93 | 098 | 0.85 | 1.05 | 1.16 | 1.15 | 1.06 | 1.21
LD = N 4
A K FFEL 2030s | 2050s | 2070s | 2090s | 2030s | 2050s [ 2070s [2090s | 2030s | 2050s | 2070s | 2090s
C0C540 | 1.09 | 1.37 1.17 | 1.27 | 1.23 | 1.21 | 1.14 | 1.06 | 1.05 | 1.02 | 1.09
COC590 | 1.09 | 1.43 1.20 | 1.28 | 1.23 | 1.24 | 1.15 | 1.07 | 1.05 | 1.02 | 1.10
C0C630 | 1.05 | 1.29 1.14 | 1.29 | 122 | 1.19 | 1.18 | 1.06 | 1.07 | 1.02 | 1.06
C0C650 | 1.05 | 1.32 1.16 | 1.29 | 1.25 | 1.21 | 1.20 | 1.06 | 1.05 | 1.00 | 1.06
CIC510 | 1.09 | 1.38 1.17 | 1.27 | 123 | 1.23 | 1.16 | 1.08 | 1.06 | 1.01 | 1.10
Sansia | 1.06 | 1.32 1.18 | 1.31 | 124 | 1.19 | 1.18 | 1.05 | 1.07 | 1.00 | 1.05
Shimen | 1.07 | 1.41 1.27 | 1.33 | 129 | 1.26 | 1.23 | 1.05 | 1.04 | 1.01 | 1.04
A f},\ L a L _ 1 L -1
A K FFEL 20308 | 2050s | 2070s | 2090s | 2030s | 2050s [ 2070s [ 2090s | 2030s | 2050s | 2070s | 2090s
C0C540 | 1.30 | 1.17 | 0.94 | 1.32 1.36 0.65 | 0.99 | 0.85 | 0.89
C0C590 | 1.29 | 1.15 | 0.94 | 1.30 1.37 0.64 | 0.96 | 0.85 | 0.88
C0C630 | 1.30 | 1.16 | 0.94 | 1.30 1.34 0.66 | 0.98 | 0.85 | 0.88
C0C650 | 1.28 | 1.15 | 0.91 | 1.29 1.34 0.67 | 098 | 0.85 | 0.90
CIC510 | 1.28 | 1.11 | 0.93 | 1.30 1.37 0.63 | 094 | 0.86 | 0.86
Sansia | 1.24 | 1.14 | 0.92 | 1.24 1.31 0.68 | 1.01 | 0.84 | 0.89
Shimen | 1.31 | 1.17 | 0.95 | 1.28 1.27 | 1.51 | 0.68 | 0.99 | 0.85 | 0.87
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LIES

— A

- A

A KB

2030s | 2050s | 2070s | 2090s

2030s

2070s|2090s | 2030s

2070s | 2090s

C0C540

1.14 | 1.03 | 1.11 | 1.05

0.93

2050s
0.97

0.92 | 1.09

1.07 | 1.17

C0C590

1.15 | 1.04 | 1.11 | 1.06

0.93

0.98
099 | 092 | 1.10

1.07 | 1.17

C0C630

1.11 | 1.03 | 1.05 | 1.04

0.93

1.01
0.96 | 0.91 | 1.08

1.06 | 1.15

C0C650

1.11 | 1.02 | 1.05 | 1.04

0.91

0.98
0.96 | 0.91 | 1.08

1.06 | 1.17

C1C510

1.13 | 1.04 | 1.09 | 1.05

0.92

0.96
0.97

0.91 | 1.09

1.07 | 1.17

Sansia

1.11 | 1.02 | 1.07 | 1.02

0.94

0.99
0.96 | 091 | 1.07

1.06 | 1.15

Shimen

1.10 | 1.02 | 1.03 | 1.03

0.94

0.97
0.96

0.98 0.92 | 1.08

1.05 | 1.14

LENES

g A

)

A K pFE

2030s | 2050s | 2070s | 2090s

C0C540

1.00 | 1.14 | 1.13 | 1.30

C0C590

098 112|112 | 1.28

C0C630

1.03 114|113 | 129

C0C650

1.05] 115|114 | 1.30

C1C510

1.00 | 1.12 | 1.13 | 1.27

Sansia

1.00 | 1.13 | 1.12 | 1.26

Shimen

1.02 1.29

IO

112 | 1.14

=~ B

2030s | 2050s

2070s | 2090s

091 | 1.00 | 1.12

091|098 | 1.12

093 | 1.00 | 1.14

093 | 1.00 | 1.14

093 | 097 | 1.13

091|101 | 114

095|105 1.19

A A

,L A

A K pFEL

2030s | 2050s | 2070s | 2090s

C0C540

2030s

2050s | 2070s | 2090s | 2030s

1.15 1.26

C0C590

1.11

2050s | 2070s | 2090s

1.31 1.25

1.14

C0C630

1.15

C0C650

1.15

C1C510

1.16

Sansia

1.17

Shimen

1.19

LINEN

1.11

132 | 112 |

1.22 1.17

1.30 1.23

1.24 1.18

| 1.1 |

1.23

1.20 1.15

| 112 |

1.23

1.21 1.14

121

1.24 1.18

110 | 1.25

1.18 1.14

1.26

1.17 1.12

| 114 |
A

L -2

A KRR

2030s | 2050s | 2070s | 2090s

2030s

2050s | 2070s | 2090s | 2030s

C0C540

120 | 1.12 | 1.31 | 1.23

1.32

C0C590

119 | 114 | 1.30 | 1.23

C0C630

1.17 | 1.08 | 1.26 | 1.24

1.26

2050s | 2070s | 2090s

1.18 0.99

1.00 | 1.02 | 0.75

1.18 0.99

0.99 | 1.02 | 0.76

1.17 0.97

C0C650

117 | 1.07 | 1.25 | 1.23

1.28

0.99 | 1.00 | 0.77

1.19 0.98

C1C510

113 | 115 1.29 | 1.23

1.28

0.98 | 0.99 | 0.78

1.17 0.99

Sansia

119 | 1.02 | 1.23 | 1.18

1.21

0.99 | 1.01 | 0.75

1.13 0.97

Shimen

119 | 1.06 | 1.26 | 1.23

1.16

1.00 | 1.02 | 0.78

1.15 0.95

0.97 | 0.99 | 0.79
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