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The Adaptation to Climate Change Impact on
Water Supply and Economy (2/2)
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Abstract

This project aims to assess the impact of hydrological variation under climate
change scenarios on water supply and economy. The assessment results are used to
quantify drought risk for various adaptation strategies. Then, the quantitative values of
drought risk can be used as a basis for water policy assessment or decision making. In
this project, the hydrological variation under climate change scenarios (HVCCS) is
defined as below:

HVCCS = climate change scenarios + hydrological variation

where, climate change scenarios are the AR5 downscaled data from Taiwan Climate
Change Projection Information and Adaptation Knowledge Platform (TCCIP) and
hydrological variation is the variation of mei-yu and typhoon such as below normal,
delay and normal conditions.

For decision problems under uncertainty (climate change scenarios and hydrological
variations), the expected value criteria of decision theory is applied to provide decision
maker a quantitative estimation of drought risk. The drought risk is defined as below:

Hsk::Ezzinnpadaxoccurance probability;

where, i stands for ith HVCCS and N is the total number of HVCCS.

The results of policy evaluation show that: (1) the reclaim water project, (2) the
conjunctive water use between Tainan and Kaohsiung project and (3) raising of Nanhua
Dam are recognized as high overall-benefits projects, they are estimated to reduce
economic loss by 180.3, 137.3 and 83.4 billion dollars per year, respectively. The results
of water supply analysis show that: “below normal mei-yu and below normal typhoon
condition” and “delay mei-yu and below normal typhoon condition” will cause
significant water shortage. To mitigate the water shortage, it is suggested that the Tainan
city should promote reclaim water and desalination project to further stabilize water
supply during drought periods.

Keywords : climate change, hydrological scenario, drought risk, economic analysis.

AV FERLIAEER LGP REFRELGITFE LT R
TR = A _}»Li T e p;,g@;g‘a{u'x Egj:\_g, ;é_g? %,g'r ¥ ,,b,J\Q,rs—_fabur‘;, T2
R R ER AT LR R TR u—ww AP EMET ¢ 5 ()

FiERETE ok L~ (e AR Fa 47 > Q) kikte & b & 11 2 (4) }‘F‘ ’}'%' A
BFCRIFTE 0 AP AP e e



109 & B

¥ BT F Rk R
AATE SRS T Ry N ERBT VAR LS E T

FERATVL kY B =F B RAFE T ke B8 ()
He o FipR BT RLE G TCCIP B2 % 2 RFH - a7 i -ke FRpld

}—a,}qr’i p"i%& 4 ;J\ %ﬂ ’ [;I'Q\:". ’}?Fil’:& "’k‘v%& 4 /ﬁl/l) \,ﬁf@]‘l;i ’#;:']%;Eo

1.2 4.5 AR P A
AR T RS L EAPE ) AP EHEY ARITE R E I F AR EL L
- 4 TR ’??F—\’ﬁlﬁc' EEELE PN ;_3}’_:".\»‘5_“%-;—“3{-%
Ble % ik 2 B A AR

WiT =4
R ORBE-E B +TRES )

B A
%3—@_;@ ¥t H gj‘;‘ﬁ'ﬁ’piéﬁ'ri%s\iiﬁ& & AR .

13 -kikte5 b '&
KT BRI MIM T2 AF R BEEAE AL 27 /3.—3‘;357—_?4‘6“ I =
Pl (expected value criterion) » B & S F A F-Kihts5 b2 3-8 > K & N I
%E_ﬁ\;_ LR E > NITL B8 KFE P 7}ﬁfiﬁlf§§"'§ﬁf’;}&§ﬁ $y o 2 ‘?‘L%;‘*’”J‘/}E”]‘r* i
3;%2:;,} gr_ﬁ,é'?rs(,a— '%Eﬁ,_gg r,g.i\g;gg)\gpeﬁ ]u-l
’Kijﬁ!*éffli‘ﬁ:z oRF xR R A F, (3)
B Qi R R ZME 0 AaNP SR B2 Bk o

L4k FREHRRFRTR

FEEE B R AT E E R N I BN KR R R e R
P K2 xR R L EARE) B F R E Wy 75 K=k 2

Ao Bldr BoRE 2 B R F AT A B 3 B H R BF BPEK
4r

F)R G AN (E R A TR )5

Rt R B, ., R R E,,, (4)
He s PR LZHTRZFEDERE > 5 b G B R2HRBTHEZ RS

=
EN
e
-
S
=

G 4 B ~; Hogfldad otz o5 b % o
CFERRTEN R R

jxé‘%%ﬁéﬁ“@ B F FREBFRET A kR A F ERET VA kY R
z s

P o s SRR A 8 A L Ay 1R F i R

g - i »%% KiRfe S R REL BART EFRPERF)ZPYE B R E R E R
PEREPLW L ERE KRS R



fi?p?ﬁz\iTgifkilﬁr+éi&xﬁoﬂi;ﬁ@%%éfiﬁﬂ%ﬁgf"%ﬁc’ » EERE R L L H
AR A E AT Sl [ ENB0% A E R DA TR - WP E R
EF R ERRE R B BRI FET LR BT

21 " R
AT VSR SRR EEER T S B R R
e B TE LA MR BRI A F Sl | 2 E2030% -

22 BB

FA R Rh A P AMBEE B A REARCTEL £ T RS
im’*ﬁ”*?*g(Sg)’ﬁ&éf VAU )EARE R RR R FRE L R
HRFHELTRZEFREZAHFPIAT JBE A 30%T 5 R AT 2L AP
ot SfciE ] E330% o

¥ ER

FPAANRLABET TR EEWE R R ERITAF N HL LD THBE
FHBR2ZTERLFAAEZ AHBFIAF I BE<330%2 § " Sads AFHF
A Sl A 030% 0 A R L iR R BER LTS AR -

'SYLE LT E

AF GRETF AR FRTH AT ZEE AR SRR 20 B
EABRTORFR AR ERA R KRR R AR AT KT
FRokT R TR MR RERFEIRT R APt iR BT
KRR THT EY E R F AL B R AT B RS ok R A T
g BF e

S FRRAHT kY R GF

1R E2PFHAR S

pei R AR R (RL)2 kL (F2)2 RELFA 5 - FELFLSEHT P ARE
FRE 2 TIOEF R A AP E AR R BFRRIPARRGEY A REA
BRE 2B F B R SBAGRRRG A H 0 TR KRR A (R )@ R L R (A )2 B 2
FF AR ARER BB ToE G AR A A RE BT B BRIk
BB EY O ARFRTREAEZBIFAIE cRER(FERL ) KT
REEARERA T FHBALEE A GRS A H 5 HEF I
AR EE KR AR A R i S v kR F R A (8RR G REREA
(F#2 > B kTR EAR IR A e o



109 # &

B4l S 2 R ZE R RI(EREUE)

0.0002 -

0.0000 - ﬂ ,

|
0 500 1,000 1,500 2,000
#AFR=(mm)

Bll £38 RADTA NS a4l 528 sk

]_L.J—Lml..\ Z*AE;_E(M\ EQ(EB EQHE)

0.0014 — fR/OPIHEE — EH  |(u=798; 0=388)
0.0012 : AR
_ INE% dE S22 3h /1
0.0010 RYBERERD [ _ rcpss (u=902; 0=499)
& 0.0008 — i 1
e i FigE
% 0.0006 — ; FRAATE A EEA:

i< {F/PEEE - EEf (u=1,351; 0=553)
0.0008 + ; FIARTH R
1 /|\ 53 /Iy
0.0006 — ' RORERERD | _ repss (u=1,510; 0=643)
: i 1 T
% 0.0004- § SR AR R E
N ; F19{EHE M
0.0002 ; \
0.0000 i : :
0 1,000 2000 3000 4,000
#Ark & (mm)
W2 tadRAPO i g Rl RE2 P FA K
32WMEF 2P F

%ﬁﬁ%ﬁﬁﬁ&ﬁmﬁ%&ﬁwi%b%4%**f’ﬁﬁaﬁ%%@%:@
BARERT THI DV REB I F ) 2HEF2PI A e THha el & TRh
W2 R AR R WA AR 2 A L A B R
BOAEVEZ G i Ak GRS R R E L 2 S e B o

AR ER

AP E R PoIB s A F S dk(E S8k alpharbeta)ii & L P A F A U Z Rk
RO FREAFHREIZIERPFITFTHILIFENEPIL T R TREEFHET L AT
PR PIE A A gt A RT R F R PSS A F SRGEFT Ak %
BRERERruEl e pHI AR ef e TR o

b



109 # &

BHIEIR Mo R RCP4.5151% M 5 38 -t
N:: e N.- mi
107 4.3 195 34.6 48 198 32.8
55 2 17 76 134 22 89 14741}
16.1 6.5 29.3 52.0 132 7.7 316 52.4
miE 311 125 56.4 & 254 146 60.3
I S AL e s ﬁ:ﬁﬂ%r@ﬁgﬂsﬂiﬁﬁ g

B3 RCPAS i T il k< fFsie s 2 mads ik

HEEIR PSR RCP8.5151% Mt S 3t
Nfﬁfﬁ s N. s
D) 107 43 195 34.6 43 189 30.5
42 17 76 134 23 100 161480
16.1 6.5 29.3 52.0 129 75 329 53.3
M 311 12.5 56.4 nuw 24.3 14.0 61.7
S IR R R st *aﬁgrm%zfﬂﬁﬁg iy A

B4 RCPBLSHHBTFa -k etz meg s
o~ EAVKY Sl A AR

s BfRF b RBEOOREF B SRR A F Y
A IFEF BT I AR PR LART EEHRLEE
ﬁzp"&”v L H TR R AR Y AARARE T IITIRA DT R
LI é’%i‘lf—’l\é’%i PARR AR »%u;,«?ﬁ;,ké oﬁﬂ » kL

SRRy
e 4 R 2
AN R )
b l“&‘p*r—‘r:e

kg2 L2 AR > 7 %3
#é; 5 "’f*"’t’sﬁ 3 J\Q 2 %ﬁvﬁ ""3’1:’}—4&.%3@5 F]J d F R B RS 4 1 T
J& o £t w2 ki d 4 B e A TG EP 4T

kg

FRABAYRBEN VLG ok L EF R REG R B LA g A G
KA Pa § oo olde: 1EFRT R FIAEHBEA § RA > AR ET kR
SRS RS G R



109 & B

BORAR G BTN R TRARER ¢ FR Bk SRRk B Tk § R
*uaﬂ@u¢ivﬁ§%ﬂ%vxvﬁ~ L %a SRF e bl F i R0
R KBRS RR R 0 R F SRR B e sk R

43 4% B %

1% %;aﬁ%a@gaﬁﬁﬁﬂpﬁgﬂL%%@ﬁ@ﬁ%g,w;ﬁi&%
2Bt Y 0 BERPE )T ERRMR PR RS G AR LR T
Bk B(SI) 2 3 0 F G A KT 0 30k $10% (SI=1.0) - PITALE A &
KR F 2 B S AR R .

H’r,r;ﬁ'ii
ZRBPLEGTRF AFT DR RARTF w1 * U EFRFEFF > HT
ﬁo@é%i&‘w% BEAAR B EFAEMT RBE o b4 §@£ AE PR KRR

m
EHR R T AT KRR

./

SRAFAR G REF ~E KR A SR A R ERKRT SARER CBE &R
aagﬁlrikst?]+ » H £ M %wa’zaaigﬁf’f%*"i%’k:ségotﬂ&r:;ﬁf
doR B R A TR R Bk E o A e KRG LR T R 0
FERE N N i

45&g%%

‘(

b

~
k)

=

i 3%

S SO Rl (R Se R TE 2 D HENS SaEE tankcder B i 3 N
SEF O RS SRR R AR (B R ) B IR 5% 2 AR P

3 5
RrER T E45.81%; B KF FF EL 2 R F S N ERPL L F R R g
dz EARp SR (B F L) #WW&%%ﬂ@’ﬂﬂ%gﬁ%ﬁﬁﬁwfi
Lm%élm%;%ﬁ£”f+ﬁ%? R T R 2 R R K &
SibELS - %W&Wﬁﬁlﬁiﬁu) %ﬁw&%%ﬁ@~“ﬂ%@ﬁ%ﬁﬁﬁ
027 +1.13% - R A 3 0 A3 %;ﬁd%}b kAP 4 F) I AR R B
@1%@9%’%ﬂ*ﬂr@%f§§~Aw@4ﬂ4’W@Qﬁﬁ%%ﬁiﬁ*
FHORFR ARG S BPER LMY R kST EE A KT B



109 & B

o q AL FIT R B0k TS 2 BB )

54 — — 6.4%
52.5 — [ 35% A%
C3 N
Jmix) Bz M
8/
e ' em0s% X
- MgES : %8B
i 4 =
= 1CA1 “ X
w7 _|oRAE) — -2.49
w5 495 CS5 24% 4
= (EBEK) =
(BEIT/E) } &
N | _ 0,
48 - 54% [
VEKE) %)
46.5 — — -8.4%

[ | [ [ | [ |
’6-00l0 2)f5°|° ’)\Tlolo 09010 '\jolo %2)0‘0 69°l°

%A EN I A F R EEE (%)
BI5 7k kst 4 F]F 853 82 srg 4
SRR ERGER B R EE2%E TR

AVEANF ERET VR RIERTREE A SRR A2 RS BB L )R
FoRiRiEg BB e f*ﬁ\?%f,r;?“\% P TR W0E Mrﬂ/zmﬁ ELS S E R )
W2 65 EARE > v Bong @R (BE A AR Ry o 20 =k L BN &
FEd AT AR R BN 2 BT B RS Hi@{%c']ﬁ—;ﬂ:,ug’g‘:
fEZAPE RE2Z2E R Mo - LB 2EAE KA é_ o Bz 57 BN gAY
fgﬁi%%pﬁﬁ.f’n 4@ o

APERFHRTRAE R EREE  RUTE? PAE ARG 2L (LR TFH B2
KBET BT o B A HTF PR Rk 2 ENRCPASHFR T e
ForFIERLREAH AT 2 F A e sC)FL AR > FAEAAE R e b
2 AP ERE (W Z AR R A ) Tk - e B (AN g /1 Ry
) MBER EBE R LFERE AR ERN(E) Ak BT FBG K
w2 @ oo pE A k(S A 3 BERREEER (S E g (oK B4 F 1 AR(SE)2 & ok
ERF e



109 & B

21 ey R2ZRFRAFAG &

KT RB R PF Sl s2|s3|s4|s5]s6|s7
e BARIREEE ®R+7.09 =/ p X
Y 7 F+4.75 /P X
£ 2K & R+8.34 /P X
B LR R 4 B ER+3.95 =g/ p X
vk B fA 4L ek +2.85 g/ p X
IR ®+10.04 w8/ p X

P XA R EE A A v E e e &m0 o

22 7FRBPFPRBEEZFERL

z z
U RGER S %éﬁ? ngiﬁ ol gzﬁiL(m
S2: k& B -kimE LT 2 3 2
S3: " Bk F 3t 5 4 4
S4: & A ok(i=4L >~ ABE ~FT) 1 2 1
S5: & itk A4 B 4R 4 1 2
S6: v Pk B fs A e 6 5 5
S7T: 4% ~iP1iz 3 6 4

p 109+ & W“%E%%ﬂé%%§k?ﬁ““§wﬁi%’- T e 4R 2 F) ) (RAsnk
(AR T ARL09#) 5 21t Bk F =5 AR i o BEF -
wE

CRRET L RELRARE

S VA £ Y JULEEFIES RS & RO
o WHNERRENLE- HEELETVAHIBEI L BT EFE S
R R T TP
%0 B4 d 30T o

- RhAEk
7.1 B3

() A+ 2803 ERFERETIL K BB S L B VPR LADE L5
dA BTk R AP FHEREEFRERLARE 1R B
AR RAE R T ERLIR GRS T RSB RF

v

FiERERHE R R REREA T F AR T AR B2 TS
GRS A i7%$@&m&w#mp%ﬂ’%mﬁaﬁ%iz
T RRSEAGKR PR E LS TR KR i (R B R A (A )2 g 2 &

SN *iﬁkﬁ%il*ﬁﬁﬁﬂ'-,méﬂm&ﬁ%a 5 R Sk
REEEY O ARHRTRL AT IRASET LHFRGE R ) .

*
#

=4
(2) #F i
’ﬁ

=t Ly \E;‘Aﬁ_ \\\?gr

(3) %%g%%ﬁ%ﬁ*%& 2B EF A WEA 2 RSP REET CBRARARFR
T TR YRR TN 2T EF AR e Tl | 2 TR



109 # B

2BEE AT R R TR R AR R 2 8 B 4 fzkfgﬁﬁ'bﬁﬂﬁ’%&
&@L%&:‘%ﬂﬁﬁ e R #‘1%??1‘&%’]\? i aRAA R 7R S B

%3 F%HERGZPREDG

o .
(B3 i Hi ok

z 4 Faedr s g gepy n L TR IRABRE S bl Rk
GEM) %ok » o EF AR PSR R E RSk
- {
‘ F Y
* 5 k(T 4 54 ,
FrTy ﬁ%fﬁ*?}f"%**%"k?i&?;}?',:y_?;ﬁl"i( —T‘rﬁl\kﬂiz*\l\)q}@
(3r4cit) | RFBRBHAE - THEREFREEE FHRTAARPFE R
3 F s R
o
FPiddrgFr 2t | a2 E£R2 % wirft ok %ﬁﬁ Fedlergind g [
(77 ) fop: Fbis Fiﬁ\o (mainstreaming)
2 % AL R E R AEBR| LA RRE U A FARAL s R R T
(7 |) KA T B e o MR F R e
FAGAY A v kAR F R RS AT sk ks A
(= %) ToagtE A E o FfrE A 4 o
L PR S A TR FRE DS AL BRE kAT R
(" B) 22K S g e o B AL 5EELRY% -
T B S LR R AN
“':\)-Ilﬂ\ R + %ﬂ_\/rll',‘}ll“ }\/EI, H_ "YA'%?L‘ ",”b"’
= e N S G BT o FEfRA RSB g 0T, AR g b AR Bl
(=) i%r—,gbvﬁa AREREEL, kAR E o
LR EY °
i3 Poig R 14 SRR B R TR WS 0 Y R B R
(¢ /) R E o Tz A DGR R ETR E S
70 #7 KR E SRR S R R R KT R ORREEY C FHF AR
(2 ) YL A e s 2 Hon ik ARAL TR -
. SRR LU 2= A SRR s R e
(3 ;ﬂ) B EE AT AL ERE fi;w kR BE T kg R
K F R v
TS % 2015% 20184 ¥ ¥ B #cF & | _ o o ‘
(= 2t -G R E FAARE &k kB R

«F&‘ ;i':l
TR

(4)

()

kif o A3~ F 32 p City Water Stories, The International Water Association£ B § 57~k PR3x4 383 /K i
(City of Cape Town, 2017) -

‘*F‘-:r
o %F%‘ BLk J\—-r e J\r?—r zgéfy},%?
ﬂii?’»“‘ﬁl#ﬁﬁﬁil °

#PFRCPASH BT ¥ it -k » i 2 G EA IR % 07 S a A Rfed g {v

g j\Wﬁi(S‘l) 1o BRI AEY (S2) 1A 5 kB 4 B 1 A2(SE)2 4
E R FRE T AER R SR 3435 £18.03 ~ 13.7312 2 8.34F g~/ & -




109 & B

7212 %

1)

@)

EARIDE L e 2CRFTRAE L ORI HERT > RCPASHH T ¥ k¥
o2 EFRFA TR T T HE B AR H ) & T e d Bl &
¥ nlig 2 15.4% 8 13.1%2 4k S0t A fE g i BT R R R R FRG
MF¥ > snl- AFEFERAFS RG22 EFRE 2Rd s ART 53R
ﬁ-kp@#£+:’ﬁ“#i¢ﬁﬁ%¢iﬁﬁ$@\f%’u%iﬁ%%$%

o B R A S A R(R A REE AR )RS L g 3F  FER F IR 0 Blde 8
*liﬁﬁﬁé’ﬂ%£%¢i¢%@%’#&ﬁ@ﬁiﬁ%¥#i¢ﬁﬁ&¢°
AYWH GRABT VAR ERTAH AT EE I ALRE LR @ik
oA FRTRT R ARBERER S ZRA IO R TR F SRR T
AT AR R TR R RE R AR TR SRR

342

1.

10.

11.

12.

ARG F RFIRGEER AT A R109F 5 109# G L R d it -a SR OK
TREY EEAFRERLIEP P EFELT)
City of Cape Town (2017) Water Services and the Cape Town Urban Water Cycle.

City Water Stories: Sydney (2016) The International Water Association
(https://iwa-network.org/wp-content/uploads/2016/12/IWA_City Stories_Sydney.pdf)
City Water Stories: Singapore (2016) The International Water Association
(https://iwa-network.org/wp-content/uploads/2016/12/IWA_City_Stories_Singapore.pdf)
City Water Stories: Amsterdam (2016) The International Water Association
(https://iwa-network.org/wp-content/uploads/2016/12/IWA_City Stories_ Amsterdam.pdf)
City Water Stories: Lyon (2016) The International Water Association
(https://iwa-network.org/wp-content/uploads/2016/12/IWA_City_Stories_Lyon.pdf)

City Water Stories: Copenhagen (2016) The International Water Association
(https://iwa-network.org/wp-content/uploads/2016/12/IWA_City_Stories_Copenhagen.pdf)
City Water Stories: Kunshan (2016) The International Water Association
(https://iwa-network.org/wp-content/uploads/2016/12/IWA_City_Stories_Kunshan.pdf)
City Water Stories: Melbourne (2016) The International Water Association
(https://iwa-network.org/wp-content/uploads/2016/12/IWA_City Stories_Melbourne.pdf)
City Water Stories: Shenzhen (2016) The International Water Association
(https://iwa-network.org/wp-content/uploads/2016/12/IWA_City_Stories_Shenzhen.pdf)
City Water Stories: Perth (2016) The International Water Association
(https://iwa-network.org/wp-content/uploads/2016/12/IWA_City_Stories_Perth.pdf)

City Water Stories: Xian (2016) The International Water Association
(https://iwa-network.org/wp-content/uploads/2016/12/IWA_City_Stories_Xian.pdf)



