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ABSTRACT

This study aims to exploring the optimal hedging rules using multi-objective genetic
algorithm for the Nanhua Reservoir during droughts. Hedging parameters are added in the
SOP-based rules to construct water-rationing measures. One-, two-, and three-parameter
hedging rules associated with constant and time-varying hedging parameters are employed to
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investigate effects on water-shortage characteristics. Time-varying frequencies considered in
this study include semi-annually, quarterly, and monthly varying. Two conflicting
shortage indices, total shortage ratio and maximum 10-day shortage ratio, are used to
evaluate operation performance of a water-supply reservoir. The Pareto optimal solutions
of this multi-objective optimization are searched by the non-dominated shorting genetic
algorithm Il (NSGA-I1). The proposed methodology is applied to the Nanhua Reservoir
that is located in southern Taiwan. The results show that increasing time-varying
frequency of hedging parameters can effectively reduce water-shortage characteristic,
which are further improved by increasing numbers of hedging parameters. Thus, the
three-parameter monthly varying hedging rule performs best among twelve hedging rules
evaluated in this study. For example, the total shortage ratio and maximum 10-day
shortage ratio of the post-optimal solution of the three-parameter monthly varying
hedging rule are respectively reduced from 20.4% to 14.9% and 87.5% to 66% when
comparing with the results of the one-parameter constant hedging rule.
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Pareto evolutionary algorithm) ~ B Deb Z£(2002)
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AR » AL EAR IR RS R R B
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At # 1K R VAL FT R
RAEAR E & (cms) tEFARECMY) | AZER(Mmm/A) | KHEREE(Cms) 3t & A& 5] K EF (cms)

1A 0.20 7.64 2.88 8.32 15
2 A 0.21 7.82 3.69 7.42 15
3A 0.25 8.15 431 8.16 35
4A 0.26 9.03 4.93 8.09 35
5A 0.27 9.94 4.86 8.98 35
6 A 0.72 10.28 4.10 20.62 30.0
7A 0.72 10.46 457 23.45 30.0
8 A 0.72 10.46 411 21.39 30.0
9A 0.72 10.42 412 21.38 30.0
10 A 0.71 9.90 3.78 15.08 8.8
11 A 0.41 8.88 3.00 12.58 35
12 A 0.25 8.13 2.69 9.20 35
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Fciti(mating pool) » FE{TACHL b 2848 LLE LT
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158 HEANL T AR > REEE 34 HETAR -
HKERR KRS KIE TR RS SRR LR H Al
TR R BT [ 7K & o F IR AL E R L
VRIS » KR ETER S 408 R 5~ H - Hi
ATl [k & F5 30 cms o

A AL 7K B B R FF (1L 4 Y] B ik i 22 3
HUGHERE o KT HAhIR E5G 2 AC gk A HE
fili » ASCER F /KR (2002) 11 & 75 A LAHE (G 3%
TJEAE 1959 1999 FEF AR EACE > 3% R L
R R S5 207.3 5 1,120.7 (&L A
R HifE iR~ - BAEHZETH)RE
SR AR 2 96.6%)K; 89.8% o 1FF{l Kk
T LR e SR L 2 T > R URE RN 5 K S
o [ 7K VR R 3 e (R R AR B G P A HE
I o bk e 38 EE e o Y e I e P O B A 3
K TZERK > FERRHKE 80 B AR
FEENRZ > % AR KRR ENE » B2
F7K 4 ZR K o ra bk [ 8 L e &5 A
13 FECRRE Kb ~ BB /KE BET B k&
AR LRA1 o



—
T4l
TR

Ok,

A,
A%

5 ELKERPIETERTTEE

(S

32 KERBTERGZSEER

57 WRIFIRR A B R ok 2 8 2
ST R EER R R K R PR T
GEATEE 5 BT Ef QY K QL AR RIME
FR L ETE R L K e B T O 2 i o
R A(1950 % 1999 F)[HEEEAT ¢
TERAL K B T B 2 TR E
BB 2 F > SE00 K T DL
B > L QY R Ql, 5 BIFFRAL K o e P (LT
BT i 2 MR R LR 1) > %
it A (B K R RS R A IR
RO R ARRA K » DRt 7k i B 0 A
QR Q R

Q =max{Q}, —Qiy, O} oo (11a)

Q. =max{Q, —Q, 0} e (11b)

FE L1958 7] HE BB s 5 | K & B 52 % E T
K (30 cms)JRR I > 3 &% H sk [k
7K e B PR T (A ST RB I 7K R PR 1l 21 S ik 5 |
K& HAESBER 10 DLQL, A-AFK » HIEE 8
A 17K & Qpe, FIFRSS -
Qbe, =min{Q,, Q5 }
= min{max{Q,Lz —QINZ,O}, Q‘DZ}

HIFR (L 2 K R TR AT R A% -

Q= Qs+,
Horfr Qp, £ HHILHT S T U R o i o

P 7K e o2 7k 24 75 e B s 7k
i T

S+1=$+Q:1+Q|t3|:z -R-R-E

=3 +max{le —thl: 0}

+ min{max{Q:\,2 -Q,,.0}, Q,‘Dz}

R-®-E,
Hrt RE/KEHKE » 0SR <Q, » Qp F/KE#H
TR HEYRF 1 SPE/KERITE
E ks » HGEF Q)L mfbkEH &R
M LOKREE - 1997) ; S FKEE KR
0<§<C : CBEAHE -

K K B R T8 FH AT FR /K SRS SRR » A
A ~ B = 2 RK RS AT RS H AT
FIIFH 7K & WA SRR RE > A7k 3 s FR LR T 8
M2 AR RERS

WA =§+Q +Q, - F
=5 +max{Qﬁ,1 _Q;vu 0}
+min{max{Q‘Nz —Q}VZ,O}, ng}— E

AP R SCORE tIRF X1 WA > PRI R K
RMGTRE R BIATAIAH (14) 2 t+ LI AIZ
HKE S MHO)AGE t R Z/UkE > H
8 B RS BRI A iR 41 BIET 1S 2 E
R 2 Py 2 MR 7K 2R ((6) 20) B B AT B R R /K 25((8)
) o FHE WARFFREA B > (HHEPEE RN
A RIIESe R — AL DRI G - K
RS BRE TS S,y » P LUK A & - AR e
B AL, 7 B IS (RS A A A i ] P FUU e
Ft+ LRFZER T — 2235 SRIDUTHE
2 A, FEEMETH S ERRER L > —
T BB G R RITAT 2 BRGIRTE

P - #EEREEEYEH

ASLEL NSGA-II SR e (LK R KR
B AL e R K FE R (R R /K 2R B B ) A AR

.(15)



TR R B B ((9) ) 2 e (R FROK e » PR
PR OK EE R A 2 ((11)-(15) ) Ih - FROKIR
& ((3)-(5)20) LAANF 2 B e B (1-3 {[E) B 7 i B e
BE(PE -~ T ABMO)SERH &R 12 TR
PR 20 o (HACRARTE SRS LI FIER F 1 8 it 1 P
fIR) - ERSE R 2 2 WAV RS
1,000 » ZACARFE 0.8 » 22848 0.05 « (I
TR R B B A — R R KR 2 R T
fE ~ PHEEME - FEUERAEEAIR 124
Ko 12 ] - AE ZERERACRISHIE RS 2~ 4~ 8
24 (F » =S HPRKRISAEAN R 2B LR 2
DRI BHIANES 3~ 6~ 12 ) 36 i - AU
TERFSEES O 12 IRHUE 4000 » KA 12
R HITEXRS 8000 » 3 LA AR AR IR (RSS2 Ik
FERUR A5 EIEE VAP Pareto S (EF 2 E]
SCIRE o

4.1 RS EIFERLSERYE Pareto RIERLIF
@

% EER B LR KR Pareto sz (% LLEEHY
ZE [ Z #E R K 28 (TSR) e B A e K k2R (MSR)
I B~ A R =S BOAIRAKRIE %
A2 a2 Pareto F{EARSAIANIE 6(a) ~
(b) ~ (O)Ffr =  FHIE FA1 » Pareto 4 (Pareto front)
M1/ B A SetE TG DR M 77 A i - R
T TSR B MSR B A B A - A& AR
we/IME o TRENBRR RS —Fets (5 — R iR -
(HANGR R 2 BB ] - BROK NS 2 22 B ]
B USRI R HI L, Pareto SRR G 1 /e T AR ENIT)
B A R 2 B CARAR B = 1 PR K RS
A BRI IRKAG AR - AIBR ARk 2 B B
RIRRARRROKAS » JRENA S R R K SRS (S 2
B RO RS - ZA IR (R BR /K RIS (4R
R U EIRK RN - PS8 L R IR K RS 1%
T TE B RR (R KSR - Pareto S8 A IILEBEAH
J5 DRI = A 72 /K B AL B 2 T T ARG S P B
SRIEH B - BROK RG22 8o Rebd i A LT
B BRERT AR AR LR R A BERUIR
IKEEER - Bl Dok 5@ F /K B IR E F R

# Pareto SRR AL A A — AR

40
()
A
30+
S A
% A
20 .
* O —sess
= — LA
* ol ;g{t B
A%
AR
O 1 1 1 1 1
40 50 60 70 80 90 100
B 4) Sk K sk K F (%)
40
(b)
30t
S A AA
¥ At
2
R e i 17 =
¥ ol FEM B
A AL
n KA
0 I I I I I
40 50 60 70 80 90 100
B AR ASRAE%)
40
(©) A
A
_30r A
S A
e
20t
T —xam
o [TFFEMR
= ol—E21M A B
A g1
w %%
O 1 1 1 1 1 1 1 1 1 1 1
40 50 60 70 80 90 100

B4 K B K (%)

6 (@—FE ~ (D) ZREE ~ (=S BVERNKRIS
NESHESHE IER S Paeco RIEFLLRE

LIRSS 7o LA (8 6 rh &8sz A BhE
B/ IME BRI ORI RS SR > I R K2 B
AR » (HEAEHOKREBRA s K2 A
TABL(E 6 5 iR.2 B B By MEAER AR
HIfE R > BEREE KRB RL  (HE R KIIE A
KRR o SN F S BPR A RIS [ 28
HFfE (L AEAR Pareto $4R —IiiBh(A B K B Bh).2
PRI BB 3R 2 o ANamPRAK RIS 2 B Er
%5 [RKSBIFELAEAR K Pareto #4457
A B2 SRR EE T N o Bl (E 3(a))
Pareto $&f7 A B2 SRR KZRS H E T ERR K SRS
2 30.5%[ 2 H 8 LI (R /K filg 2 19.6% : B



&2 AESHBEHRAEDS B CIARRRES Pareto IFiR _inf/REER RREFRIINEIE

— ok
AL e &1 E-% A K &1
A B HARE A B AR A B HARE A B #% A%
TSR(%) | 305 | 10.7 20.4 283 | 10.7 18.6 26.7 | 10.7 17.2 198 | 101 15.7
MSR (%) | 79.4 | 100 87.5 78.2 | 100 88.2 778 | 100 85.6 731 | 100 84.5
—EiE
TAL FE gL 84 ik &14
A B AR A B AR E A B AR A B HARE
TSR(%) | 241 | 101 185 240 | 101 18.3 236 | 10.1 16.4 21.3 | 101 15.8
MSR (%) | 71.7 | 100 84.0 71.0 | 100 83.3 67.5 | 100 81.0 64.0 | 100 79.0
=580k
TR FE g 24k A g4k
A B AR A B %A A B %A% A B HARE
TSR(%) | 351 | 101 21.4 342 | 101 20.9 274 | 101 16.3 253 | 10.1 14.9
MSR (%) | 50.0 | 100 69.0 50.0 | 100 69.2 50.0 | 100 68.2 50.0 | 100 66.0

R A RRSERE L% BREASHRIATHRE -

FIER KRR ZS T 79.4%[% 78 73.4% - {H B E5H[
e LA A A EE D IYEE £ 35
JER ERTAE 72 JRE: i 37 2 3k HP 4 A A i i ) 2 52 I
B> DIERTRETETKENS - AamiR A Al fER
7K R 5 2 B R 338 b AR 2R 1) Jhe U S i 3% ) Ji
K o BIEZAEKZR 15 100% - {5140 1963 41
914 K5 17 5)~1980 F 5 13 2248 18 f]~1996
RIS 8 B 10 RS E MMz B 1H L

Pareto $&#5 - 1R {26 E 2 A (LM% » 2]
R DIV RSE B E RIS 2 F G
FE R SR A B A B 5502 DA AR IR A
WEERRE - FihZ L& FHIA] LI Deb (2001)
Pt itis & 2 18 (post optimization) /7 X% —{F %
il E NS 2 27 o AR EE AT
217 #1813 (compromise programming approach)
SRR TE P 1B AT FHR S TRAKRIR 2 TSR K
MSR (7488 b 8 [ 1t S — 250> [RIHE A SO I — A
BB ERE L2 DUEE AR BR(TSR = 0% > MSR =
0%) T HRE B e i (i - TN AT

jz +[ MSR-MSR.,.

2 12
| TSR-TSR,,,
min
{[ MSRmax-MSRmmj }

TSR - TSRy
H TSR vin 5z TSR AR R /K AR 2 e/ I ME B K

fiEl : MSRuin 52 MSRue 55 B A AR K ZR 2 B/ N
BB A AR B © TSRna B MSRyi I Pareto #2451 A
BEZAE > T TSRin B MSR 15 Pareto §4% B
BhofE » HAEZHRFR 2

AN [F] 2 B B R 2 BRIRE R A B SR AR R OK
RIS Pareto $4R 1% B BRI FR 2 - H#K
YIS AT A > TR S BN A L SRR S fin BT ]
SRR P AR - (BRI S 2 B
(L AR B i PR K SR > Ho i 8 i (R R T I
F > i =2 Bk 88 i AR HH E B FERR 7K
SEIEH TSR = 21.4% MSR = 69.0%% {5 %5 H 84
R/ NS 2 TSR=14.9% » MSR = 66.8% ©

4.2 [RIKSHBEES Pareto REMFFTE

7@ ~ (b) ~ () ~ ()l B LA
RRRENE ~ PEEE - FEURABLERT
AN[RIFR 7k 22 B {16 B e £ PR 7K SKEe: Pareto B (122
P o H I BT o TR 2 R PRI L AR AR 2
Pareto &% A FIRRIDURFIE » BIEIER k2 Bl
B AT Pareto SRR/ T ROH) » RIAEER
BROKZCR » H = RN R s IR 7k 2 B 9 T f
BRAK RIS ERE A R /K 7K B AFUIR DR -
R 1 2 M APR K IR 7 E A A ) P4 6 /K o BR K Y
B > IRT Lk v et AR e A 2 o B B K Kk 2R

37—



40

(a)

4k (%)

Zh¥E
x h1RiE
0 , , , , ,
40 50 60 70 80 90 100
B A RKEAKE (%)
40
(©)
A
% 201
-
= — *
¥ ol—=mz B
BV
x HAGE

0

40 50 60 70 80 90
FORRBAKE (%)

100

30t A S
A <
20t * y
——mk
| ——m ik B

(b)

MR E (%)

8 s
/W
w

——Bik
| — =2k
0F Zhwn
x %A%
0 , , . , ,
40 50 60 70 80 90 100
B8 FREAKE (%)
40
(d)
~ 30
= A
o A
ézo A
2 — Bk x
BT B
Ev S &
x i f i
0 , , , , ,
40 50 60 70 80 90 100

F8) R R HAKE(%)

7 (QEE - ()FFEE - OFEE - (BFRERNRIBNESEEH Pareto RIEFZLLRE

S FIIRK R 2 Pareto $457F
R R 2 T P AT A A [ e & el iR E B AT K
TRKZSTT I » BRI S > — BRI 2 B
BAR AR 73.4 5 79.4% 218 » —Bhik
PR 7K S HE QAT (2 64.0 2 7L.7% 28 » =28
PR /K SRS B AT B 22 50%ir) [ [R] 4 B A5 BR
R B — K ELBIR - T —2hk B — Bk
PRk e 2 FRK EL RIS SWA ~ EWA 7 WA
L BAFR > DRIEAEAS (A 22 B A L B ZR IR 2
/N A) B KR K AR IR —E - % Pareto §#t
B Bh R EE » [RINC AR - RS R RACER T
F AT MR i 2 B 15 K R M K B
ety g A iRkZs 1009 EE 4 o DIRTR %A
25 0B KK Pareto S5 2 R BB R EM
MR AR I 2 2 B E BAR B EE vT F #{E 2
B - a0 H AL iR R BROK SRS FH— Bk
Z TR = 15.7% » MSR = 845% = E =2 v
TSR =14.9% » MSR = 66.8% °

FEART AT - MR K 2 B A L R
5 M T PR 7k SR s 1) 2 B {18 85 T e 32 PR K &K
R HHEERR AR K ER 5 B B Kk 2R AL
SEETAH A B BIR]IRE S R K SR 2 2 85

368 o L W i A b 2R ] S 1S i I PR 7K %K
o IR E Pareto &R AT EER R ES - RIIEAEA
SCRf 43 A R — e R K SR o DL = 2 8 H 3L
(1A (R A SRS f 5 > 17 LA— B R M R AR R OK
RIS IRK SR B AR o LL#% Pareto $#47 111
B RAE R » — B E (IR AR IS % 18
SRS TSR =20.4%> MSR=87.5%> [[j=%
BHBCRARIE IR B ERERE TR =
14.9% > MSR = 66.0% » [F]IREE IFR 7k 2 880
HIFHE LR R BRI RIISE IR -

E > HEEF?HE@E%%

AR IR VR R K SRS e 25 MR 3 R
BRI TRET KK 2 AR (K G » REHE RS
FALK SRR TR - FIAEELL T fSa -

1 HIRS/KE AR B Z FHiTE S R E
FEBAEE - [AIERR 7K S 2 B RERERF AT L
LIRE & 7K B A B2 7 T PR A A g 11 T 2
BAEMIFRARBOR - USRI MEREBR Ok 2R
Je AR AOKAR) R A T HEE LS Pareto £
ARGEENE 6)(E RS A LSRAR A Ry AT E A K
BEV N T TR Bl » 5 DL Pareto #5121 (8



EREMROIGER 2 —HERUKRR2Y 2

HH R M H 8 L T AR K2R 20.4%0 (5K
# 15.7%- B AJ A A/KZRH 87 5% (2 84.5%

2. MEIPRK i 2 2 BE BT A e Rk 3.

R PRk S B R =2 BIRKR
lit 2 Pareto SR> — ARk IR/K i 2 Pareto

Pk - T EREBRKORIG 2 Pareto SER B — 4.

BEE TR KNS~ Pareto $55(GEE 7) - BLL
Pareto $%:15 & 1% 18 132 5% {2 7R 1% {57136 FA 36 T R

KSEEABEHE R E T '8SE R/ F 5

LR /K SR —Bh ik o s = 2 8k vl 15 HE
k28l 17.2% K2 16.3% > BEA] 5 Ktk
A5 85.6%% (K2 68.2% (3£ 2) °

3. MRk Hins 2 BB b (AR ROk R R A 6

AR KR 7K ZR A RO P B TN e B AR AR e
TERR A e - IRIEAE A ST 3 A -+ — F R
K SR DL = 2 8 H U RK il 2 Pareto

R R o LIRIEREERAH . =28 A% 7.

IR B e 2 — B AR M T 5
HUKASH 20490575 14.9% » AT AA S

H1 87.5%[% K% 66% (3% 2) - 8.

A48 A2t DL 2 AR 58 (s SRR RET i koK

[ [ AL EZE K IEIR . Pareto S (EfE - 7] 9.

{50 7K e A B B FR e 1 R K Je 2 S IR AR R /K 2R
s BRI KRR AR 2 Bl » DA RE /K B e i B

MRz 235 o {H 2 K & I 4 (F (red-time  10.

operation) K & [H] [ 11 15 FEAT R AR K B AR &1
(IR - 7K e 37 SRt ] DUFI) P FECH 77 B HEA:
ELFECE AR B T RS e P55 R A8 B0 e K BB 4T
T — (15 BT« BARSCARF [& 2 BRK R

WS {EA —f - AVEREIRAT—RHRIMR KIS - & 11

T R A T A 6§ 8 {56 B2 T PR /A F10 2050 SR B £ B
S (R AT AE (R A B RA K TR R e HL S
Pareto fiz (£ 12 FL R (S RERE R A PRATHY

HE - 12.

LB > 2000 0 T HZ SR 7K e 56 K SR B

KT - BRTESHR BN+ 13

& MM B 54TAH -

AL WS 5 20030 THBARERAA
B 2K EBRK RS | - R TR » 55
M-+ - 5B > 5 61-77 H -

J& THHf5 ~ PRI » 2006 - T 7R E Rk 28
HlE KRR 1 - B AR T2
A ErafiSCER o i - 55 C49-C56 i -
B~ BEHE ~ Bk 0 2006 0 THZFRH
B A2 A - D5 K R - AR
BATUE - E=M> B517H -

GRBASE ~ BRAT ~ TR - PR - B -
2007 » T [EM]Z B ELREEENEL % HEK
Ji 2z AR ) B NIEKH TRE
af Eram SR 0 BSE 0 55 250-255 F -

TR ~ B ~ BER - 2008 > TOKJE |
IR A B R K b2 3 A 0 B -EIEok
FI TR Erdm s 8 - & > 3 B1-1-B1-10
H o

AE I Gl K I 7K FITAR B3 BR T - 2002 0 T3
WK AR B — ~ ARG E R A
Edfgat (—) @R K E MRS TIE ) -
GEARBUN KRR - 1997 - T RSk &
My Rt VAN VANG R 2 0 ok =) I
Bayazit, M. and Unal, E., 1990, Effects of
hedging on reservoir performance, Water Resources
Research, 26(4), 713-719.

Bekele, E. G. and Nicklow, J. W., 2005, Mul-
tiobjective management of ecosystem services
by integrative watershed modeling and evolu-
tionary algorithms, Water Resources Research,
41, W10406, doi: 10.1029/ 2005WR004090.
Burn, D. H. and Yulianti, J. S., 2001, Waste-load
dlocation using genetic agorithms, Journal of
Water Resources Planning and Management,
127(2), 121-129.

Chang, L. C. and Chang F. J., 2009, Multi-
objective evolutionary algorithm for operating
parallel reservoir system, Journal of Hydrology,
377, 12-20.

Chen, L. and Chang F. J.,, 2007, Applying a
real-coded multi-population genetic algorithm to



14.

15.

16.

17.

18.

19.

20.

21.

22.

multi-reservoir operation, Hydrological Processes,
21(5), 688-698.

Deb, K., 2001, Multi-objective Optimization
Using Evolutionary Algorithms, John Wiley &
Sons, Chichester.

Deb, K., Pratap, A., Agarwal, S., and Meyarivan,
T., 2002, A fast and elitist multiobjective
genetic agorithm: NSGA-II, |IEEE Transactions
on Evolutionary Computation, 6(2), 182-197.
Draper, A. J. and Lund, J. R., 2004, Optimal
hedging and carryover storage value, Journal of
Water Resources Planning and Management,
130(1), 83-87.

Hashimoto, T., Stedinger, J. R., and Loucks,
D. P, 1982, Reliahility, resiliency, and vulnerability
criteria for water resources system performance
evaluation, Water Resources Research, 18(1),
14-20.

Huang, W. C. and Yuan, L. C., 2004, A drought
early warning system on rea-time multireser-
voir operations, Water Resources Research, 40,
W060401, doi: 10.1029/ 2003WR002910.
Huang, W. C., and Chou, C. C., 2005, Drought
early warning system in reservoir operation:
Theory and practice” Water Resources Research,
41, W11406, doi: 10.1029/2004WR003830.
Kapelan, Z. S, Savic, D. A., and Walters, G. A.,
2003, Multiobjective sampling design for water
distribution model calibration, Journal of Water
Resources Planning and Management, 129(6),
466-479.

Kapelan, Z. S, Savic, D. A., and Wdlters, G. A.,
2005, Multiobjective design of water distribution
systems under uncertainty, Water Resources
Research, 41, W11407, doi: 10.1029/ 2004
WR003787.

Khu, S. T. and Madsen, H., 2005, Multiobjec-
tive calibration with Pareto preference ordering:
An gpplication to rainfall-runoff mode cdibration,
Water Resources Research, 41, W03004, doi:

23.

24.

25.

26.

27.

28.

29.

30.

31

—40-

10.1029/ 2004WR003041.

Kim, T., Heo, J. H. and Jeong, C. S., 2006,
Multireservoir system optimization in the Han
River basin usng multi-objective genetic agorithms,
Hydrological Processes, 20(9), 2057-2075.
Knowles, J. and Corne, D., 1999, The Pareto
archived evolution strategy: A new baseline
algorithm for multiobjective optimization, Pro-
ceedings of the 1999 Congress on Evolutionary
Computation, Piscataway, USA, 98-105.

Lund, J. R. and Reed, R. U., 1995, Drought
water rationing and transferable rations, Journal
of Water Resources Planning and Management,
121(6), 429-437.

Moy, W. S., Cohon, J. L., and ReVélle, C. S,
1986, A programming model for analysis of
reliability, resilience, and vulnerability of water
supply reservoir, Water Resources Research,
22(4), 489-498.

Muleta, M. K. and Nicklow, J W., 2005,
Decision support for watershed management
using evolutionary algorithms, Journal of Water
Resources Planning and Management, 13(6),
409-426.

Neelakantan, T. R. and Pundarikanthan, N. V.,
1999, Hedging rule optimization for water supply
reservoir system, Water Resources Management,
13(6), 409-426.

Prasad, T. D. and Park, N. S., 2004, Multiob-
jective genetic algorithms for design of water
distribution networks, Journal of Water Resources
Planning and Management, 130(1), 73-82.
Prasad, T. D., Walters, G. A., and Savic, D. A.,
2004, Booster disinfection of water supply
networks. Multiobjective approach, Journal of
Water Resources Planning and Management,
130(5), 367-376.

Reed, P., Minsker, B. S,, and Goldberg, D. E,,
2003, Simplifying multiobjective optimization:
An automated design methodology for the



32.

33.

35.

36.

37.

38.

39.

nondominated sorted genetic agorithm-11, Water
Resources Research, 39, 1196, doi: 10.1029/
2002WR001483.

Reddy, M. J. and Kumar, D. N., 2006, Optimal
reservoir operation using multi-objective evolu-
tionary adgorithm, Water Resources Management,
20(6), 861-878.

Shiau, J. T., 2003, Water release policy effects
on the shortage characteristic for the Shihmen
Water

Reservoir System during drought,

Resour ces Management, 17(6), 463-480.

. Shiau, J. T. and Lee, H. C., 2005, Derivation of

optimal hedging rules for a water-supply reservoir
through compromise programming, Water Re-
sources Management, 19(2), 111-132.

Shiau, J. T. and Wu, F. C., 2007, Pareto-optimal
solution for environmental flow schemes incor-
porating the intra-annual and interannual varia-
bility of the natural flow regime, Water Re-
sources Research, 43, W06433, doi: 10.1029/
2006WR005523.

Shiau, J. T., 2009, Optimization of reservoir
hedging rules using multi-objective genetic
agorithm, Journal of Water Resources Planning
and Management, 135(5), 355-363.

Shih, J. S. and ReVelle, C., 1994, Water-supply
operations during drought: Continuous hedging
rule, Journal of Water Resources Planning and
Management, 120(5), 613-629.

Shih, J. S. and ReVelle, C., 1995, Water-supply
operations during drought: A discrete hedging rule,
European Journal of Operational Research, 82,
163-175.

Srinivasan, K. and Philipose, M. C., 1996,
Evaluation and sdlection of hedging policies using
stochastic reservoir smulation, Water Resources

40.

41

42.

44,

45,

41—

. 'Y andamuri,

Management, 10(3), 163-188.

Suen, J. P. and Eheart, J. W., 2006, Reservoir
management to balance ecosystem and human
needs: Incorporating the paradigm of the ecologica
flow regime, Water Resources Research, 42,
W03417, doi: 10.1029/ 2005WR004314.

Tu, M. Y., Hsy, N. S, and Yeh, W. W-G., 2003,
Optimization of reservoir management and
operation with hedging rules, Journal of Water
Resources Planning and Management, 129(2),
86-97.

Vamvakeridou-Lyroudia, L. S, Walters, G. A.,
and Savic, D. A., 2005, Fuzzy multiobjective
optimization of water distribution networks,
Journal of Water Resources Planning and Man-
agement, 131(6), 467-476.

S. R, Srinivasan, M. K., and
Bhalamudi, S. M., 2006, Multiobjective optimal
waste load allocation models for rivers using
nondominated sorting genetic agorithm-II,
Journal of Water Resources Planning and Man-
agement, 132(3), 133-143.

Zitzler, T. and Thielg, L., 1999, Multiobjective
evolutionary algorithm: A comparative case study
and the strength Pareto approach, |IEEE Trans-
actions on Evolutionary Computation, 3(4), 257-
271.

Zitzler, E. Thiele, L., and Deb, K., 2000, Com-
parison of multiobjective evolutionary algorithms:
Empirical results, Evolutionary Computation,
8(2), 173-196.

WISHE - REI99F 2 §24H
[ZIEEHHE - REI9F 4 B22H
BEZBH - RE9F 4 H28H



