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Abstract: Ecosystem conservation and
water resources have been drawn many
attentions. According to the study by Tung
et a., global warming may result in more
often extreme hydrology, i.e. more frequent
flood and drought. Climate change causing
extraordinary climate may further influence
biosystems, ecosystems, and hydrosystems,
etc.. It desires to establish mitigation
strategies associated with an early warning
system to response the impacts. This study
develops a framework of early warning and
risk management systems for Formosa
Samon and drought by using seasonal
climate forecasts, which magjor tasks also
include downscaling seasonal climate
forecasts and develop more flexible
reservoir operational rules. In this study, the
method of bias correction is introduced as
an example to downscale climate forecasts
to alocal station. A water temperature and a
population model based on previous study
are used to predict possible future impacts
on Formosa Salmon. A case study shows
two sets of operationa rules are optimized
by the genetic algorithm for drought and
non-drought periods. The framework of
early warning and risk management systems
has been established for ecosystem and
drought. Each component has aso been
tested. In future, the early warning systems
will link to seasonal climate forecasts and
include more sophisticate risk management
strategies.

Keywords: Climate Change, Early Warning,
Extraordinary Climate, Risk Management.



9
- F LR
> By ?

FERET R RRF EE A HE

SR e Selle kLB RO A SEA IR

s B }\F'/);Tlf”’? Eb}g/“" Eg;'é‘féﬁ‘ﬁt
SR ABR LSS ¢ B PN L

’ ﬁ%ﬂ{*ﬁﬁ\?ﬁ’%ﬂﬁig
%’W§ ﬂ@ﬁ%*ﬂ?

=

it A r’/%"l*”"l "é‘%?ii
o B BB TR A
SRS KE L AR T
R E KX R :}, & 2_
P k—f#i—ﬂ?ilif\‘;ﬁp/‘?—i’tﬁ
e ‘,‘;5173;:4—1? | * ¢ 2
TR R TR
§’#%$§%Uﬁg
-
e

%1
fw

oy Ly ESFI =1
(74 :‘

@%%vai
=

=
/:E/\““f‘\i”ﬁ?\t"

- SOk oF

2 T > F PR
Eﬁf< LB )
)@%w«fsz TN
EBrBE T m:}}}ﬁ‘#—*w* ? W £ PE
TR Ny [ R P o ‘Eiﬂﬁﬁp”’ﬁ'fﬁ,:
LA L AR - T4
Ve kb TR B 4 LR TR i %
LA B AR KA KR
BEF G FEROE G FHRLF
?:f? i % H E'Li-ﬁ; ﬂérs

&

’ 41‘7”\ }\

%*M;‘;’... ﬁp%@(
RIA KRBT Ey e bt TR
7 fa‘y,-gt s ui;t.i:_?;w.ﬁ
Z AR B E I
FOTRE LGk R B T
SN LSRR F-X T AR
LR R RPET - SR
ZESCE Y NS SR S
G o L SOREF Y Bk F R
—}l ATk E I gk TR AT

ko BEE SRR EE M
CE TR S Rk o ¥ - fAdk (T
* 0 R TR 4 2 Y (Red-time
control ) > 4= Wardlaw and Sharif ( 1999 )
I RREF T » WEBp 2 N

K (TR Bk > HIBEEZ &0 F 2 i
FleART A EORE R TpFie g
KR ek e 0 R4k BEG %#F%&%‘
EF2ZAGNA c AFETEFII

A= w B a\ﬁaéﬁy_#&lf%&fsﬂ” PER
HELPF REREGEIFE, - &

SHC R YL > - B L TREEITR
* oo v H - lmendk RS K F i

KR AERPE  F B SR
ﬁi’}\]\iqugl‘&’lgg)i\ﬂ: 7~T‘+5’\W
BB ARRAESL > bl h kR K

A zb

i*p%ﬁp* 2 4TI &;ﬁ 4 —
R IR R4 ITIoR LR o B
$F€ﬁ~ﬁﬁ%$7%pﬁki

SelLA A 0 REE A - AR pE
Wz A RGE2 T b i iTRM

=

Ttk KRB E F EpEEp o

N }?& » éﬁ

@qﬂ Pave FiERELDF %
FRIFRRY KT RERLES R F
EE’_LP?L‘J v & 3 Hamlet &
Lettenmaier (1999) 4 National

Oceanic and Atmosphere Administration
(NOAA) F % 3gipl? <3 LIpRIE & 6
B2 g %3g R F AL > 12 El Nifio and
Southern Oscillation (ENSO) ¥ Pecific
Decadal Oscillation (PDO) = &+ # R
% 0% 5 & 5 4% £ ® Columbia River
Hamlet et a. (2002)
- Henf|* LHawTy 2 % i

AR L ERE R R

AR ERR o

B o P ek 3t International Research
Institute(IRI) 7= 3. & 3% 5 & #p 5 i g 3F
FERAR R 0 bl4e “Water
Resources Management in the Mahaweli

21
Eﬂfz



River Basin in Sri Lanka” 7 #-& #y
FRERFA B L FF
Mahaweli River -k 7 & § 2 ;
“Applications of Climate Prediction to
Decison-Making in Agriculture and
Water Resources Management” 7 4%
LB ITH IF S k2 B R E DT R
Tig- HiaZE aﬂfru& ¥ enspip) > 1o
e * 3t R FEORFRE R A
Foprhs g HEB Kk S BokE
KEBEREZRRERY - FHwi)
v %% 4% P (http://iri.columbia.edu/) -
e U RN AR S A
5 ﬁéﬁ%? e LR G o )5 AEAE A G
BPER A ERRZ - 0 B A_FPF
E RIS A LR RE T A T
A A2 BE BT AE 0 d e
HE 4 ﬁ?ﬁz%’ﬁ B L 2 ABg > At E
L FARE O JAFEEKRE SFY T
o A 1“r LR TG R A FERE D
B 4o Chen (2000) % A 1 * o -
Prdp A rend B 2 s g TEKR
S ri gy il mis
W RF ez Thfic o B fERE E a0
2_#E 4 # P ; Bradford (2000) % < 3%
mg&%iyﬁw+\§@%g;4;
WEAING SR B R DL G
2 Shaw (2001) % + #% 410@ ",Mo
7 B 4 b 0P 3 Cattaneo (2002)
F AU 4722 (ANCOVA)
23 N P S I (s gh MR 4
¥ % f Chen (2000) 7§ fh#e b3
o A FRA AT g A H
ek fFA 470 IR RE TS H A
HiHcE B 5 - Tung et d. (2001) % %
A E R BB AR -
CEORGR 2 RE o e T R R K
B2 Mk

1’,“‘:_Ell’
(BT

A
\F‘b e T

¢ g A

i &fgz iLoK R R ITARA G E AT
FapE A p o B oul @y s R
(GenetchIgorlthms) K@ o d 3t H
B mZ B E w4 > p Holland
(1975) 4& 12 2 > = RALFR &
7 AR T > Gen and Cheng
(2000); %3+ 4 R A
Fohp F] o A b H O A p SRR en
A NFE R T ITBIET
LR E SRS L 4k
Fort ek g 2 P
K F R oW Ffi % 3 7 & Forrest
(1993)~Wang (1991 )~ f# 5+ 3 (1995) -
AP B BRI RERL G
ﬂmviﬁﬁﬁﬁﬁ’mﬁﬁfwﬁ
FRFEZE 2 RTHACRHEERS
Flsnle st BapE o

"T/?F')&

FIr L EF R IERIFOR R ST a2
Wit 2 }\F' ir & ?Eﬁf %
S do Bl 31 975w o £ HF % TR F],}l

}g«_@%%}ixu}ﬁkpﬁ’f Wi TR
P&%$%ﬂﬁﬁfﬁﬁi€£’ﬁﬁﬁ
s SRR AR

4T o

31 R F GIFRFHREERR
ﬂ‘pi’%?ﬁf@“ L F P ER
= 7 # 1 (International
Research  Institute  For  Climate
Prediction » & f£ IRI) #1 #% & 0
ECHAMAS 5% § i 3paF T A8 7 50
BELY > TEZFRR D E o AFT
T OTEY DR Rl G Rk EE 0 E B
% #c s 1981~2000 £ § T 3= &

w 5}7 % ‘)FT B



(mm):& 733, - 2 ECHAMA.S a1
AOKRIEE R BEE T AT R
T B2 B AR 32 d B¢
T LA ok skt ECHAM et
25 M 4 265° &5 120.9375°

v ¥
B 3-1 7 1 % H 8
27 .5:.":"' i
26 -"I.; ./{ ,J\
23+ "'r-\.
r13ZH}MM45ﬁQ#%{LH4&
HRiT ek

!

Precipitation(mm)
o R, N W AN O O N ® ©

= 22

-

MR A e e e D P R D o z
Ten days | =+ Tan Shi

B 3-3 A kxp 2 ke ECHAM 4%
i 20 24 1 members (hf T3S g

B 3-3 ¢ 5 ECHAM ¥ 24 i
member £ ;¥ -k x>+ 1981-2000 ¢ 7 L
P g ant o 7 g I ECHAM en

24 & members *f & £ % it g TR
AN kR E A R AR
R P EATEBEET AP AL o
FI o Aok B R TR
Kb AR 0 Mg TS AP A
Se TR R P FE T o F P R 56
Qﬁé*ﬁ*ﬁﬁawﬁfﬁmgﬁ
CR R ES S8 Sl RUE
é%émigs\mn/@:@ﬁ_o

Bias Correction
A A7 7 #-i4 1 Bias correction £1°%
ROEE O Z GV E R G Pkl
o PR HC R P G RIEE D
%% - Biascorrection(BC)=p =14_%
R N A R e e A
HREE o R @ B S T ) ot
deh- fig o T % B 3-4
¥ B2 ECHAM 22 p| 3k cna (5 44 &
% CDF ¥ 12 ECHAM &
fh¥t s COF *F en B A4 5 3 o plap 2
RS H R TIR O i

4

= 3N o d 5

- ke

Station data ECHAMEA4.5
r 3 7'y
/I LI: T A
[F
[a)
8 o
A 4 > >

®] 3-4 Bias correction -+ %, &

HA & RIEENBREDF %58
ARSI L B R G R R
o pU R TRaE 2 05N 2 e g B Bk e 3
Vo @ A TR R ORZ IS HBT RN
By g plek2 B angA o 4c®) 3-5-3-6
aromo0 B P Ak kb2 memberl2 ¥
member12(bias correction)*+ 1981-2000
Ao 2o o R OS#k(PDR) &



5 % & S 8(CDF) » F4 3 ok sk
i 5 memberl2 ~ %4 5 453 bias
correction i I+ {6 e % > d E% ¢ F
> PDF ¥ > 3§:iF biascorrection {& i<
& g (<0.1mm) PP REenig & R p| Eb
® ;CDF ® RAf#3 A~ s 5 < tgep
¥ {7 i 1§ Bias Correction
éiﬁﬁé%mﬂ¢wﬁﬁ%z§%
U gL 0 fE L
fﬂ?ﬁ)@*wﬂl@gﬁo

@ Dan Shui
M H M12
O M12(BC)

NN %}\ L N D G SR S
° S\’, © Precipitatior? AN K
B 35 & -k # & membel2

member12(bias correction)*+ 1981-2000
A & &P F % R 5 4(PDF)

1.2
1
0.8
£os
0.4
—— Dan Shui
0.2 e ——M12
—+ M12(BC)
0
NN N T AT
° N Pre(:lpltatlon Y ?
B 36 & -k # ¥ memberl2 &

member12(bias correction)*+ 1981-2000
A B RS % R 30 8(CDF)

32 BiEEH S BE AR

AP R GTRT
Lo 7@ IR EBEKE EER O
T BN L TEFEAR 3
BrzpEEF T aFdimEs R

2o BldeE RN Egr R oo R T4 e
prenmT ko FLAPT L EEA
k 3 By IR g 5iE
EFWAPRG R R AR B
P2 REERE o SRR EEH
O 0 FT R R4 e AR R
T o FREEPIFE L 3
%fﬁuﬁ‘iizrlgl 37 #71 o

i

R4 ffe sy LR RS

AR E AP A
T 4% 4 2001~2003 & 4 [ 5 %
BRI 4 A KR 2 TR
(NSC 90-2313-B-002-328-) ; 2 #7 7 =
b o R RPES AR LT 2
Pﬂ’r“i?{ﬂ; * 7 A1 DTM #cie 3 24
AlE o RR s FEAE A TR
B F pefatila gy i
fa) 0 By BT 0 PR TR
R 2oau B KR R
# KRR o Bl 3-8 & - RIFIE- BLH
e LR e

6+ @l

B 37 Faitd i

\ g,:» ‘j—‘/:— 7?.1:?]

=3



1 3 5 7 9 1113151719 21 23

Bl 3-8~ RAE- SLH R LS

T o AR 2 IS
*EF NP F Y AR

Rl 2RI AR FHGY 0
SR ES: AT RCREE 5 on: STE TRy

*v%%iﬁﬂ%f‘?‘f’%ﬁdﬁ -4y e AR
B2 S H R EEE 2 RE TS5 R
B0 A4 AR SRS )T T
o TEZ NRBEF)FIER L EEKE

SRS R ié%&;\mﬁ* o
T AERF i REBT g EEE -
AF G W R zgnia
AT EEsNE TR EMME ST
BE g 2T RERNE T2k
e d SR u;:f?']%_i,éé‘«;z N
PR A SR 3G A BT
BorE | - o eru..‘s‘;;:‘@%#:i/»\
(973 nF ML Z 2 BEAFHK

7
Dz malR R B2 (s 0 B ORR
MRS A de o (|2 ko fEfR

155]39 3-10 #7771 > KRB ¢ i %k

G EREFEER vy B

v e g E AR A A d > B

- Heig > BV UL ERE R
\yb?;]—”r%f,él.%iﬁiﬂ 2502 I

SRk EH R E R

2000

L)
1500 r
.0
1000 -
L 4
500 r
L 4
0
0 500 1000 1500 2000

B 39 i b HEEE D A4
)

Flo R

2000
1500
1000
500
0 T T T Y \\ |

N~ o o © D

@ D D D D

(=] (=] (=] (=] (=]

- - - - -

B 310 HH& 2 F 4 ¥ B

S AR R GUEAL S
B2 R FIME T2 RS
T ET ST R TR
VT”’;’%;F’#&‘—’ ALY }\/n.”'“l‘:r%‘ % e
U R i TR
C RNy PR fu’?ﬁ'/?]% k= B
?EQ*FF#‘W’J DTN H B R

w1 opEe ;?E !
=

aa

= b W R

Nd R e BT S 0 b 4
— TR EAE A 1R M F Rl
Bt A g B ER ST o B R e -

13 | g‘fﬂﬁg,ﬁ? IVRE: (ﬁ I

g

e ©

Wik AP X haE E



2 11 % =+ RREEZRE TS
FOHAE 3 F T R A R AT
ﬂ%°”*£ﬁ€’ﬁ%%%?ﬁ%%
SEEE IR 8 AL SN - -
LESILY FLFaEandr kL12

T Flet SRR o 2 06 0 B AL

A A8 pEe ZIparE 15 & 11 >
BoAE R RIEH A 2 s A
KGR € AT 12°C 0 BT 04k E AR B R
T4 h 2 b
E L BT LR SR e
24 GHE -

ﬁ%ﬁ

B 25 2 B

LA ii“ﬁ\ﬂ  iE

k
=

feAp & iy -
¥ 4k iAp B H
ﬁf“f\’“"ﬁtr&l%ﬂ)nlJl
Y kY o T A I =
%ﬁpﬁWﬁﬁﬁﬁ?lf%’ﬁiiw
RSP R
,{%’IF”%@&{E@V”#? * O T2k
oﬁﬁﬁmr}al ghwﬁr XL A e
S W2 A RZ BT 2N oaiEe R
T A A 2t FALE
%%m%%:%H*%Hﬁﬁﬁ
BTN Hen 1 (A 1h
BB AL FES

m (‘"’r

K

(w,
1’ \\\?{r ity

N G -
w*vﬁﬁ*w

3%& '{.1’\351!!\-1 ”3_ ’

fxwﬂgfm “J“}J}‘ #k

rr s 1

33 FEFE A0
AP R iR R R
jAENER LA o s A ERKR
3ﬁm¢?ﬁa&%ﬁ’ﬁ%ﬁiﬁ
HE S EEFREA o 1% F %R
TGk TR kR ﬁﬁﬁ # 59
—rrﬂrcfrmjc‘ﬁ%’ 'Sﬁﬁii'gﬁﬁgm%ﬂ
SR IR SR T
P NI RE R T A
B EicE T2 o 2 VLS
FOUIERI TR o A KRR F K
BEMEN VR LIEF RS

P

=
k4™

m

m

WGed F&EET RIS P (TR o
F-2% > FARMNTEH 4 7Y
T OF KRR T I E A K F
\ # EERI TR S VE =SS PE R 4
E g R T %@%1 M E OB FEpAE
”%‘éi‘i%ﬁmﬂiﬁ
B i T

1|

.

\

o R
e TR T
i ‘?“'

7~

5o

Heok BB TR P o p 2 T4
S ERAE 1=V e N i

RRITRR K ERY 7 F 4T

1 g iz 4 (PR B KT

aﬁwm’ﬁ %#LE(
R E/)é“”F'/P ﬁF‘
,F‘Jﬁ%ﬁldﬁ }\ﬂ ’ E]JH

Rk AR

BERA O F

2= A ¢ SR AP Tl S ARE

2. Bl EETRRIEFCFE
N Y. TN s T
PR kR R B -

TR PR AEAEEE R 5R
R B R ARGEEER L LD
TR dp R
# ok dp dk

F)ok R (T ARAF] 3T
LIRS RS g
F R AR amER 0 A sk

giaj_-’%r o _\ _&r—r °

100 ok ’
g =
)

¢ S Wiaokig A N
Boo Bt - BA A HEp BRI E
& KRR F R kRN > T o
- e TR IR R TR 4K
A 2 ihikoRdp e o SRRl TR
KR E B B TR SRR TR
B o 2t g&ﬁ’}i:}ﬁﬁzﬂ”:‘ﬂi@ﬁ‘i’
A E S TR BE S
F & AR NP o 'F’*r/[{"}‘ﬁ

3
= =
-
4w
P -

S 72\}& i<
= s
B

@ 3=

%
o F IR ﬁc =
w - & ™ R



P iv E o § %R T
BIER S 10 g > SERITRA S KE
CL- aizdfirpdhh » g g 3
o PA R ESERINE TR A &0k
ke AR 107 Mo ﬁ‘%"
2 (FkE-7 ki) k?l“ﬂ FAER
Teha kB CLe % RaEs kg (3K
-7 iR E ) MATTERITRA AR E
#ﬁ*i’i-‘}r PREP B TEALA 0 4o % A7
i i‘u%ﬁ’* — ALPEHp A TARLA o ra AT
FH ik ITRAEF FTREFKE
Tk SECEE > € BRI ha Aok
EoT-AR4PEAMEG 104 p e
A KA FAAKE 0 B ETDE
Wi - BRI PSR It
Bl k@ 2 REEIEA K
£ TV RE Ae- B2 (FRIRR
k8 CL 12 Felenam) ok kg
#ic o
BUFEZREIZE LT RIS
L_f@/?ﬁﬂ,zmrﬁ”’ o j\,gzrw
F b P RS e T*uar R G4
kdpddo ]l o g ARERE = T
AR HOREA aRER 0§ Ak kdp
LS R R R T S
N 534 8Kk 4252 T3
PEERKEANFHE LT F A
T2 FgRITL A ERkERE
R BRI iR b oo FBiEm b
Bk FREERACS GRS Tung
et a. (2001) )+ okt 5 sap 2
11_

R Z T R E - ﬁ 14

e *@}} m Wi *rm<\

m
=

fgL T e

b

a4

Kk
-k
MHWRER AR T L E R
Hp et L#ﬁ@:o" # T e
Pf@ﬁwﬁmibﬁoiﬁwm%
BN LA %G nERS L
ﬁfg%m’%wﬂiﬁ%éiaﬁ
P fe WL RS EB D2 A A R

=
Poe

>
i

=

P
iV

A BB A A A EREN L A

Wa 100% : 2@l
%:‘f& TN RISUR: BE gy
KA AR S AR AL 150
o R 3R R E SR LR 200

pheh o L0 R B R HOK R 3k T eh
T A- B G o FRIFP
R I A1 A AL A eF L o e
oo gg 5 RAEF R rdTie
X MR E LR NITR o LR
FHRE RIS R B B A BT
- LA E TR E T R

el

85% + BeE T LT 1 T70% o
FoR R D T REBRE T 2 /B
60% * Be® T LT 1 40% o
BEERR

kAT 7 F* 1969~1988 & 30 &

dGrRErRERE P AA A A
- B R AR T o Bt SRR R ?
B & KRk F R R SUEES 0 o
BE - g (RS RS

B8 ) fi#t 30 # 18 7R F chak ok
o TF LI R BFEEPLEER
B oo AR By 2 > WL RaE I A
i - i o
25

g Ay - AR R B TF AL AR e ]

3119757 > §¢ 5 PFE J& (720 4040 F) 3-12
BgpE N RARE D B bR
Ao 2 ek (T 0 d + 1969~1988
EfE N E TR RS
FR g o gt BE N R (TR
pta HoRIFEE R v d ~ 1989~1988
EFREE AT £ 31

AT o



293.2
283.2
2132
m 2632
253.2 |
2432

02 4 6 81012141618202224262830323436

B 3-11 fiE Jy e ARpE R (TALAR

2932 ::.(\ /._.

283.2 \
2732 \
m 2632
25322
2432

r

o
=
o
n
o
w
o

1 312 i o1 s b 4 (2R AL

F 31 RERRL L R R
RO RS (B K| 2 2

# # 5-380.8CM ) | .4
SI(f ) 6.58 13.92

-pL BT 14 ETend ek (TR
EREE J\#pgﬁ [E30 P
%%%’Jiiﬁ €S J\ F‘T%r#) 5-389.8 = =
FF AT o5 R o
fo % LB P A
A AR T R B E TR AR
& = (DA FE o dopt
BT 0L B TR il
L
,j
-

%
~
ke
\4,(3\;
f\'&
-\1\
_L"l

5 ﬁ{?“" )

iﬁgﬁg’,ﬁ BRI E T P
TR B gk (TR -
L B PELE AT g o
e AkREFITERTY > B3
- ¥ e R EE 2
YA kT3 E o dopt 3 ¥ 1Y
AL E R kg S g ik ok
Lo VOSBRI R R
FoRarREH] > 8- H koK

TR 2L E o @ AT AR D

IR S DN S A
EBAFAGRFR LR G F Rk
@%ﬁ’@ﬁipfﬁiﬂﬁﬁﬁi
‘ ﬂi%e‘i«ﬁ% 8 A ;"ﬁ%E;‘E'{
FRIGEL > % BRI Bk
%?389.8:12\QE%’%£

o & A o

T~ BB

AFEL R R ETFE

E RN s E > % 45,
7}—'—@__5_’;&5'15374.‘}[-’!?%{ SHERVARS]
22 LRPIFRFTRE RS ZE R
fodqraddd BIEE kR ORR I
A g TP E S E T o

{ﬁﬂ%ﬁ%%

ﬁ%aﬂ%&@ﬁﬁi%+,%¢%
s RIEIRFT AL i

_— 3

VR EE f R FRE o g R e
RS 3Er2 (s ARBTIEE?
e BB FIFE FA T
EERGF RIS R

RS G R e
A E R o 2 2 RIT A kR
HHNTELEEL 22 g
B E R e Y - A
REEWIFHWFT AU FE UL 2 R

:g,%$%w4@%a@%4
(R RS sl IR Wl AR
R AP M i e e 5

BR
ﬁﬂ%w
A

[EREI
oo

A # ﬁ@ﬁ;é?: A
SLBK R B TS o ﬁ

‘-\4-

<



2 REEF RRES 0 TREEP T Y
BERRC BEITLELT A B
£ ML T2 [ T F oo TR
P2 pERAEH > T AT - )
ok M ATde ~ § ol B Ak pE Y
AR B EERE A ML R e AR
oo A b B KRR RS RFEL
8 AREBE-H2Z 1 IFLEB BB
RoegemBg* b wfpind 3t A
Fg 2ok BAEIT 2 5k TR
Mz T E R > BT OF T E B BB
M & FEE o

IRy

Bradford, Michadl J. and Irvine, James
R., Land use, fishing, climate change,
and the decline of Thompson River,
British Columbia, coho salmon, Can. J.
Fish. Aquat. Sci. 57: 13-16, 2000

Cattaneo, Frank, Lamouroux Nicolas,
Breill Pascal, and Capra Herve, The
influence of hydrological and biotic
process on brown trout (Salmo trutta)
population dynamics, Can. J. Fish.
Aquat. Sci., Vol. 59. , 2002

Chen, D. G, Hargreaves, N. B., Ware, D.
M., and Liu, Y., A fuzzy logic model
with genetic algorithm for analyzing
fish stock-recruitment relationships,

Can. J Fish. Aquat. Sci. 57:
1878-1887, 2000.
Forrest, S, Genetic agorithms:

principles of natural selection applied
to computation. Science, 261: 872-878,
1993

Gen, M., and Cheng, R., Genetic
Algorithms And Engineering
Optimization. John Wiley & Sons, Inc,
New York, 2000.

Hamlet, A.F. & Lettenmaer, D.P,
Columbia River Streamflow
Forecasting Based on ENSO and PDO
Climate Signals. Journal of Water
Resources Planning and Management,
Vol.125, No.6, pp.333-341, 1999.

Hamlet, A.F. Huppert, D. & Lettenmaier,

D.P, Economic Vaue of Long-Lead
Streamflow Forecasts for Columbia
River Hydropower. Journal of Water
Resources Planning and Management,
Vol.128, No.2, pp.91-101, 1999.

Holland, J. H., Adaptation in Natural
and Artificial System. Ann Arbor , MI :
The University of Michigan Press,
1975.

Shaw E. Al and Richardson John S,
Direct and indirect effects of sediment
pulse duration on stream invertebrate
assemblages and rainbow trout growth
and survival, Can. J. Fish. Aquat. Sci.
58: 2213-2221, 2001

Tung, C. P, Pan, H. H., and Lee, T. Y.
2001. Moddling Climate Change
Impacts on Stream Temperature for
Taiwan Salmon's Habitat.
Modsim2001, Canberra, Austrdia,
December 10~13, 2001. pp.703~708.

Wang, Q. J., The genetic algorithms and
its application to  calibrating
conceptual  rainfall-runoff  models.
Water Resources Research, 27(9):
2467-2471, 1991.

Wardlaw, R., and Sharif, M., Evaluation
of genetic agorithms for optimal
reservoir system operation. Journal of
Water Resources Planning and
Management, 125(1): 25-33, 1999.

I S SRk e SU Ry
AA (2 PR R DR R
o Bl T2 e 0 1999

Fﬁivﬁ’f.“liﬁfi%é’iiﬁ@iﬁﬁé g
REE* RR2 7y 0 W 5
FREIRFTTE LH 01995



