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Precipitation Forecasting by Fuzzy Theory :
I. Applications of Neuro-Fuzzy System and Markov Chain

*hAk

-

R/ AE /LS E/LAF

La Chang Jin / Kim Hung Soo / Kim Joong Hoon / Kang In Joo

Abstract

Water in the atmosphere is circulated by reciprocal action of various factors in the climate
system. Otherwise, any climate phenomenon could not occur of itself. Thus, we have tried to
understand the climate change by analysis of the factors. In this study, the fuzzy theory
which is useful to express inaccurate and approximate nature in the real world is used for
forecasting precipitation influenced by the factors. Forecasting models used in this study are a
neuro-fuzzy system and a Markov chain and those are applied to precipitation forecasting of
Illinois. Various atmosphere circulation factors(like soil moisture and temperature) influencing
the climate change are considered to forecast precipitation. As a forecasting result, it can be
found that the considerations of the factors are helpful to increase the forecastibility of the
models and the neuro-fuzzy system gives us relatively more accurate forecasts.
keywords ° climate system, neuro-fuzzy system, markov chain, forecating

Wlelre] Bshe T FAlsdolehs At T3 ol Tl RS AEHES Fale olFollny 3,
ofEft 71 BT I AAHOR WA S gk mE, Be ATASE JPANS) BHE Falo] A%
WokE oSt el Pk B AToIME vk Qxe] dlele] dge wol Wk A4 dEg
Slated Al AAle] BAAel D BAUT HBE BRsked B34 TR LS g =S Aol
8% Y 2 HrE-AN Az vk dgeln], dalolRe] A4 )5S .z
el e e B drled QA B /12 Teee] Fuast ds 2Y, 25
Aol )8 AREE TeigoRM wae] dAFFES BN & AL AHoR hE-) Alsde)
ool wrh AT AHE 90

HAZO| : 7 FALY, FR-TA| ALY, ofmE oy, oS

* (31Y ENG #4718 74 474
o  MEUEn EEZety 2w
oo LS RRAF R

s () A ENC =l Fo]a}

F35E S 2002% 104 619



.M E

sRle 2 Gp1Y, S, A0S 7 9% A
39 e e e, S 4EA8S
Aol A\ 21 QARze] %
2 45450l 40}04 o B4e] AREE Ao,
o2 s B ofele ol
I B B s A

2
F
;

[P IE e
r
[o?

i\'
I, ol
)
J?‘i
_I.-Ld
E
cl?,L
@
i 1)
_\L
<1
L
.,>i
_i
Zi
;9‘_,
e

o 1 .

Fash= &401 °‘HW°IE}<E~& 1998 ]WL
olsel] A= 7t dd 016}1 Egh opjet o]
Fo gl e 2 olsizt FastH, 7%
oleld 7 JuAgEol T YH=
QA1E, 1999).

B 713 BOiR o] 9 ] $% 6

A 7E Ao wdsel gt o] o8

= el % 71 I, S,

jui)

)
(S o
o>“

e -Id-

9
rlo

4 &
30
%

it
¥
ol

:.>i 2
ro &
= r"‘
i3
ool
1
Jb

AR
“Re SmH 40 lEAse Sl 8
=

3 8o 8k & 7 A o &) giE s A
&Ho7 st %l‘:‘r. e 7 Ao Babgo
2 AEgs A5 o &L uids] ol et H
T E0, 7130l 3 g 2% WEY] Fa/de] ¢l
HEA o)F A7|dEe] EE3le dF FYRE %
olaat sk APt FAEJATHValdes, 1994
Walen, 1990; Woolhiser, 1993). 3+ Eltahir
(1998a, b)& Ea} 7rake] e w3t &

A& AL B diFe] ThsdE AlMskls =l
o] Ak ol s BE, AR B(1992)& Euk
T -MEA 500 hPa %9t dof e sl &5
& oAy 2yl vy
Zalla, el S(199712 A%
o83l 3709 WA 6709 & 7|23t FrFe] B
dlZo] 7Fsde AAskrk

AR A B 9 AYS EE] fsiMe
AR R e o g A% #7 A7 AR

ot meh E QTolNE oleld A7 A e

620

olZ #isted Bl sRe] i

7] &% ARE o838l uy)ed Aso) drde] o
Zo| IS F3 U5S WelaAl sk Egh Eqf
2slal vl go] Ak Agae] d5E 918 ]"4 TR
HA| AlAElneuro-fuzzy system) vhsz <
(Markov chain) 2&&- o83l ojEe] 48Hd8& =
olara} &k

HIAEAR] Rl digh 7]1&e] Himis A

B A7 neural network)7H-& o] &3 W9—+
Zoll @k AP 9 e dEto] ik
CHFurundzic, 1998; Lange, 1998; Sajikumar,
1999; Bodri, 2000; Luk, 2001). gt u]4s 7]%e]
HAE 7 9 71l H8e A A w2 T 7l
g% 11 e Ertunga, 1996; Franks, 1993; Ouenes,
2000). Chang(2001) 2 Gautam(2001)& Fs-H%|

Az olgslel B5—iE 23S A8 ) 9

o) 9)

O =

&
2. wE-HX| A|AHRD OpRZ AL
2.1 FR-HX| AlAH

TrR-HA] ARl 7180 AR =EAl ARl (fuzzy
logic system)oll Al7Awe] s3s8-E =93k ool
F, ARZIAA7IEE] H5X] mE AR Skgolee
st 7]‘63 ¥l v1Ee] e sl o
Eol7kz Aotk Jang, 1996).

7 ’\]i\-é% AH g S (membership functon,
MPSF HA FE(fuzzy rule) T1Eln ¥ 4 R
Fule] Sk HA] FR(fuzzy inference): 5FF
9] AERL ¢Jdl] AAFORE= HA WiHfuwzy
sets) S sk WA ZKfuzzifier)e] P} oleigh +
Ao rtg WA =2Qlike ol&ste QlehETTl 28
off d-Smapping)ehe A K defuzzifier)®) e
Yehlis, 13 12 ofeist HA] Al~gle] /g B
53 ik

L R iy FEA2E
(fuzzy inference system, FIS)# T} ¥& FISe
ot depulEE Sy 2SS 7iRkosd 7HHAIZ
T Arkz HoltiLin 1999).

2 E-2{¢]

AsRlo] AEHQ HH

2.2 Adaptive—Network—Based Fuzzy Infer-
ence System

Adaptive-Network-Based Fuzzy Inference
System(ANFIS)-2 Jang(1993)l oJs) #Agte 2~

BEUKE Y




Fuzzy Rule Base

—»{ Fuzzifier

xinU

{

Defuzzifier

yinV

fuzzy sets

Fuzzy Inference

Engine

fuzzy sets

inU

inVv

B 1 HX[ A|ARlo] A

Min or
product
A A B

\ Y. A\ W,

S -

VA A
- / — _ W,
X y

fi=px+qy+n

Sr=pPyx+q,y+n

_ whitw, f,

=W fi+ W, [,
W]+Wz

a8 2. H{x] nyo]

Hz] BP0 2A 12} Sugeno A== 3

29 sewlEne 10717 sle) E

= O
HES 2t

ANFIS 9] AMEZ-L

7] e} FISE
o], &89 oxls
S 24 B4 Aol

o]_Q_‘é 2= Oh:]___

23 OlRx oiy

ol FEHH { X(n),n=0,1,

#$4g vlam

ly-1.0,7

ik

B3E WS 200241 10H

Z¥= 12} Sugeno

SIzte] x)
z] &Lak

LU L 4

zol

ﬁolv} ANFISoA A

=i KN Ul—b}l:}{_ja]

~LGE 2

A
F Qe

Rt == O My &
'oa—:]1;5—1

]_

=

ANFIS7} 3.

o

Al

yoll
A1

=
EAgl

o}

52 A

<5 9t

2).

LS 5]_

Jolv} HE A A#HE

b ol

"&l_),:

)3

s

o

Ef

PX(n+1)=71X(0) = ip, X(1) =7}, , X(n—1)

=ip-1, X(m)=d=P{X(n+1)=;1X(n)=i} (1)
=Dbj

e ) FBEH X(n+ 1ol B o)y

of #ARNe] dAe] el X(n) =il JEsta QS-S
YRR St B3 #E pp= 7ol 2 Hod

FE5E =2 Ho|BE(transition probability)
olZtn gty IWtHow HOEE 5.7t AlFbro) 9
TR Fe HE HARo)

sition probability)e|g} sk

ZE(stationary tran-

3. Z=rEk o= gy =E
3.1 w2-HX|E o|&5 A2t of=: Case 1

AR elFeld 3 7159 H¥(pattern) S 71
O 3o olFolint & APl A o] oA 2}
SALY -1 Fofel AIA 1o 2w AlgE 9% &
TH -SR] B olgdles duk & Y 3%

621



Z
Alt-1) g
[e]
g )
Bt-1) it
B
=
clt-1) g
@
a7 3. RE-HXE 0|83 AL oIS 2

o] t-19] AEALL 9, <
w1, 2Pk 9 249 ARAY IEe
slal sir3ted w4

S et e 22 o

o
E‘%}‘E =2

ANFISE SHrg Sole] Z4Q) #7)
5 ol BEe AUn gor, B aTdiE w27

2l Zdg ANFISE o] 833t

32 olR= EIIEHAZS olEst Z5E o
Z: Case 2

B AoMe 3129 w2-#x] 23} vpast
7S AR A oS 28S ARk 1 A
e oge 2k

@ FoA ABALS F 7HHE R AA, HE

(average)& 71&0 2 Ho Rt Z 7 Rising(R),
Horth 2o Faling®oR et £,
Rising(R), Normal(N), 183 Falling(F)2&
Baled NS £FA0Nstde)o @et avet side,

$= F AL EY & B9E
2 e 7ok N9 el
ol B QFME RE Ao et &S
AXE 7 22 dEHE Hole

A2 AR}

@ AE 0, 28 49| YF7} | REAE F
o)A Cit-1) 2 C)ell digk Rising(C_R),
Falling(C_F), & Rising(C_R), Normal
(C_N), Falling(C_F) & AA3ct

® R—R, R—F, F —F, F >R %9 dolgg
& AXEITE

@ A=ALE RR, RN, RF AaAdz a#s)st
% 258 w2-9x 28S &8s #1717
A, 2% g8 2AE

® NR, NN, NF ¥ FR, FN, FF #A2A4d% Q%

e AxE s A 3, 2% I E F

A3

Bl AE(test) AHEE BRI Test A 7

Sof= el (t-1)REALe R, N, F7t 244

o] glom, Wkl §d¥e] Relebd RR, RN,

avex().5stde, avex0.T5stde®] 37119 Z¢E RF wae olgsld 28 C_RWM., C_N),
Zh=r) mebd, AR d5E A% AR 72 F C_F()S d=ck

P_RR

P_FF

a3 4. XA=ZALY HMolgtg &E 2 K= O

622

o

BEKE BPRERNE



Alt-1)

RR Modsl

B(t-1)

C_R(t-1)

Alt-1)

RF Model B(t-1)

0
Bl Bk

|8pON A2zn4 oineN
o]
i |

C_R(t-1)

If G{t-1)=C_R(t-1)

18PON AZzn4 oinep
H
1 )
— =2

J8 5. OFY w2-HX| 293 Mo|#ES olg

@ Al 7119] B ofgle] ojxl EHe zizhe] A
ol gt FHOIEE (pret prvt pre=1) bre,
Drv, Prre ZETE ol @AM AFE g0
7tk

® 2By o] A9, tollMe Ho)ghEvt Ay B
e dAEH] gglong dEsEETs B
sho] WEdedEs AgE o] jlo] vl o
| ko] "t

@ =3 AolFES B3l AR Avee s

49% & A5k % 1914 RY 2% F 8
F O F7E 9 39 59 Adeles daw
& ook

7% 4+ Rising(R)# Falling(F)ez z2A9e
TEE  HojghEd 9 AHe aFsE BAFm
Ark B=& 28 5% 18 4004 2g3E AsAgY
TE-HA By Z2EE 4nE $E/EETsi
CHE FAoh= AL =AH o= Helzm Qo

4 E= N

AMs al
P S

a

41 DAX 2 xpREA

S dEieolFE uls TR e FRA F9
A& 149 5933 km?eltk 71¥ e 483 iS4
2A e 710l ol wREo| FE3) AYs}

ARt Age F31 w0l Bolo} FAo] Erlssh) =

o

,{

F35E FOHH 20024 10

ro

A
B4

2
I
K
02

g mS dElwe]Fe] A US4 V152 dEe Age
B2A AARIA 7 Al#2d %
88 2{3lm ok

Eltahire 19979 dejolFe] 743 xpaA|gw)
BT AR A4S Bl duweolFolre] B
TS o83 A dF9 JleAe w9t
T3 delicolFoAe] Peet EYRe] ATzkgo|

oi,
N
'
Jll
o
)
MT
2

e AT Zike BEe] B4Y dEe) ARE ¥
U 5 ske W] £ AL wolw

4.1.1 =4 93}

Hg dEeolFe] A9 1 63 7o) BEA JF
S Holx Qrl EYgR #Z49 A2 Global Soil
Center?] 18719] EQGE #3249 AAES 28
sem, A 2 712 AsAdY] 49 u= o
A B 36719 BEAE gt

AzALL 1982~199619] 15709 AEALS &
|3 Eltahir(1997) = delicolFol Asl 7ak
I Egkrol] g Ao, Y EQio] o]
T 219319 A At R 588 Wl
v itk 2 At Ae ZEdTe) vzl AaAd
o] F4 2@ o329 Slo] Eltahir(1997)9} wpaix=
EAY BT 21479 A5 AeAEE v)=
2 stk

4.1.2 tlesixts

g AmALY A9 15d97] 2197 AEA

623



N
[v]
|
] J/(
IRV
n i [¢) e JTB S
o - wu\.- ®
o)
’ ° ° ¢ g
P o 5 . O8N ® n e
<) 5 iy 9 W
Q_l(._\N i ._.ﬂ.ﬂ
L
o} d
. = ~\LIS\/ m.__
) - s
o
i °n o \./r_
o\.z OXK
MM 3
o
?
g b b e 3 3 5 8

Y
®l

o

800

700+

800+

(ysut | p'Quoneydiaasd

00+

g 8 B R

(you L. Quoneydivaid

8

=]

time(21-days)

300

20

5l
time(21-days)

SE

2BT L A

() 7k

T

(a) AsEA

<
N
Q0



w w o= & oo
B 8 B &5 & 8

s0il moisture(mm)

N
=]

0 50 100 150 200 250 0
time(21-days)

(a) AAEAE

o
s 8580, o
:.:9 - o@
al @ : g
{ Booo
~ 3 ) Q
£ B A
£ % oo ¢
§3U- o o
= o o
& 3 )
g x| 5.8 % 7
= Q ﬁg
5 \§§
I cBeinie
588y
15} °
0o 8
0} o

0 2 4 3 8 10 12 i 16 18
time(21-days)

() AaBd # AsdE

a3 8. YEEOIF EASE AR

100 T T T T T

temperature(F)
3 =] 3 8

3

=
=]

w
[=]

0 50 100 150 200 250 300
time(21-0ays)

[N
=}

(a) AsAL

100 T T T T T T T T

ternperature(F)
3 8 =] =] =]

'
=]

w
=]

K]

10
time(21-days)

(b) AuF L ARRE

T2 9. a0l vl X7

it

U BEAJG 1Y T AwAD 2 Awo) 2¥E

Bt

8%} Global Soil Centerd] w5 deuwo)5F
FE AR A9 AFEAA 10, 30, 50, 70, 90,
110, 130, 150, 170, 190 cmoilx] &3o] o]Foxiu},
£ BAoME Fuat Bedo] 71 2L 10em A
5 ARSIt dr]uo)F 187 EdpRakEie] 9]
d oz ZAHE Hit 10cmel 9] EYFE B3}
Hep 11 548 9 8% 2k

7Ieatize] B¢ A gEsel 598 w2 S

b

R

H35E 5% 20024 10H

A e 367} BE2] QAL 129 21309 HEe
AuAdE Gk YT 2190 71eAR A
& T ARAGD U SRkom T4l
U 9% 718 AAds VleAEe) BES Ushin

A,
42 Mg A1

4.2.1 o) A8 o] 83 Ak ol
(Case 1)
329 A8 F case 19 WS olgsld
o)) 217 S d2agd Ax He

i

N

625



Observations : O Forecasts : @

800

800 Observations : O Forecasts: @
S so0f-
£
]
£
S
S
= L
3 400
=
<
[
o
2
o 200
o
0 L ) 1 J
0 4 8 12 16
TIME{(21-days)

(b) case 1 9% : A%, EFFE, 7S

12 10. case 1 2lofl o5t Ae|co|F L2t S

Forecasts : @

g 600 |
5
=3
&
£
£
o
o
o 20l
a
0 L | ) )
* ¢ 8 12 16
TIME(21-days)
(a) case 1 4" : AP b
800 Observations : O
‘g 600 |-
£
£
5
=3
5 400 -
E
£
o
o
@ 200}
a
0 L
) 4
A olag Sislo) SHAL) B Attt
= e B5E A A7) A5 9 1eARE

Fdo] 258 %
Eal] 2¥e HEIFIY =
o) 74k A4Eo] 79 1982\%E 19959 AEE
sEAee 283l wE-97A gl om
1996 B4R 7], ZE ARE ARAEE @
L3l

Case 19 9Jat] 1996132 2197k <3S o
=3 A% 39 109 (2), (b 2ok 23 10)E
Ak st oS oAl A5 BAE wE-9A
rElg 7EE] AE% AR, o) EYTE ¥
71859 RIS B 7EE RO d&d 1
2 10(b)et 2 vl cige] Ak

9.0
298

626

8
TIME(21-days)

a2l 11. case 2 T80l o5 22| 0|F L5k o

12 16

I

4.2.2 Markov EHE7FHETE o183t
9] oglZ(Case 2)

Case 2 28& Hgsl] 5wk &g 517 943l
ME case 194 298 4-&8 AEALS 155 8t
= o] Agsololpit). ol By AaAIGe U
A A AaALY dSstant she A5 AR
ALL BRFale] 283} sl FAoltt deluolF A=
FdZo Yaixe AAFE T3l £Fe V&S 1
2 8yl vebd Az} o] 7+ AFAGY B #A4b
& olgale] AAslxiek AHAY ave+0.5stdeE AHE:
] A7 Age 23 43 Pt £ AnE Bk
BR7Es Eold A @A A5 2 dF AsE
Raising(R), Normal(N), Falling(F).0.2 2-&3l] 2 oA
A TS GAE Holde A7 FEE s 2
A3 97H4 72921 RR, RN, RF, NR, NN, NF, FR, FN,
FFel 48 ASALE T8 =k

74e

BEKEEPRERIE



E 1. de|xolF e X2 MojstE
iy : Raising (R) Normal(N) Falling(F)
Raising(R) 0.2727 0.5227 0.2045
Normal(N) 0.2115 0.5385 0.2500
Falling(F) . 0.2174 0.5435 0.2391
2. 19964 252 A2AH a&{case 2)
1 2 3 4 5 6 1 3 910 P12 13 b14 1015
I F| N F N F R R R F R N|N|N F N | N
X 3. 0|32 2%
a5 el ]519964)
case 1(a) case 1{b) case 2
P.E(%) 68.42 50.24 63.41
RMSE 159.75 136.35 13533
(inches)
gk mygo] AL e Ho) BE9 Aplo) 43 ZT} 2A

gasitt 971 Aol gk Helgge Axt Age
X 17 2o

971 799l AmTe Z7h HolFES 7X|a I
29 T "ok sAtRE T
e EBE test AR HE3P) Ysted WA test
AtRe]l 48 AR A wAZEY  Raising(R),
Normal(N), Falling(F)& ZAsl d&slHsie o
Ae] el e AREA g HEHE gk
ot AeA AR AE R, N, FFY) shiel 4
HollA 7Fs%k 371419 R, N, FAHIRY] o] &858
Zreth ol ¥ 17 2k aBjER o] Mol &S o]
|3l o] YRS & A9 2¥ 39 dhdes B
2 dEsiAlEct

[e]
s

Case 29 "ol 93l thEolznl TS Ealo
1996 Z3e dE3] Yaide JEx gy 9B
Q A AsAYY I15S BEshe 9] "Aas)
Tk & 27 case 2 E¥ F&s] 95 AEAGe)

RS ez o,

B dEe PENE 4R 289 FE-ws
wels} Aol HEL olgdle] olFolatt 19 118
olelg o dxg 19964 PEe Holw gk

=0
= =

H354 #5% 2002% 101

vz dEleolFre] 199613 219 A9 1\d7 A5
e oS3 ClE WPHS 380 A0 case 1,
case 22 AL

dEleolFe] Y orieskREA A5 7L,
ESrEs o3y on] case 1 FH&ZAH rjedt
JeRIRIE Q3] &5 Fule] g3 Wtk ol
£ E 39 case 1(a), (0)E Tl 2elg & gtk

Case 29| A% d&slax) sk AmAGY S
REE AgA dFs AAElEE B80S AUy
ASFHo R 71 AR Aol glo] £ ANE B
ol71E =i} shlel Adlel dig 22 o2 Aas
HolnZ FES AW FEHR ALY skt of
718 & AU F 3 421 2 422"44] =38
Axte] 0xE Holm Ytk ov]A] RMSE(root
mean square error)= H ZHujoxll| A A
3 AL Wb, PE(percent error): F# Adlox}
of MEES AT Ao W] dejo) ule}l BII
BeE 7H FAR9] 2xl9] ghel IAY A ek
T eER, A AT A I9E gl F A
olc}.

iy Ao M=
Hi =

627



5 2

2
%e
[N
r

t7loldel 2ol 4318 olslsl: AL R3] 7
ro] Hr Fad BBl ol T el W A
A7) wFolch 3 X9 7FE 2F Qdxjlse] E

A gl QJsle] o 5] AAHE Aol
g gpoR olF oSslr|d tids] oy 2o
oh wbd BlmA G7RE gt v)dEE AlRE g
S3lo] BASH R #HgtemA 71%d tet 35
g 4 otk

2 QpelMe 25 QAkse] 59 dEdd 4
71%2] Mg BAe g siFs] fldked vl
FHfuzziness) & FEA o2 FHo] 7Fedkes oh=

{

3 QAkE olgdte] B S TEIIick F el
xkEe] ARSI Al
okl o& R HEe FA wiF dEfiolFe B

dzole] A A% B ATIE Thedt Le FRE

D v dExolFe] dF 2B vt dxkES

=2
| Slke welEo, R Hclelel Be
A o= A= FPsstt & 4 Ak

D A5 AZel B8F 2w

chgk Al ofsle] FRe v WS A
Aggelle] B8 7Fede KT Ak

Vol. 33, No. 2, p. 128~141
oA E (1999). 7159} ti7|2 8, of27)
2AF (1999). Walsh= 7|%, o=

628

S8 (1998). 3HTE

Bodri, L. and Cermak, V. (2000). “Prediction of

extreme precipitaion using a neural network:

B3 R=)
Azt

application to summer flood occurrence in
Moravia®, Advances in Engineering Soft-
ware, Vol. 31, p. 312~321

Chang, F.J. and Chen, Y.C. (2001). "A coun-
terpropagation fuzzy-neural network model-
ing approach to real time streamflow pre-
diction”, Journal of Hydrology, Vol. 245, p.
153~164

Eltahir, E.AB. (1998a). “A Soil moisture-rainfall
feedback mechanics Theory and obser-
vation”, Water Resources Research, Vol. 34,
No. 4, p. 756~776

Eltahir, E.AB. (1998b). “A Soil moisture-rainfall
feedback mechanics : Numerical experiment”,
Water Resources Research, Vol. 34, No. 4,
p. 777~785

S.W., Gineste, P., Beven, K.],

Merot, P. (1998) “On constraining the pre-

dictions of a distributed model The

incorporation of fuzzy estimates of saturated

Franks, and

areas into the calibration process”, Water
Resources Research, Vol. 34, No. 4, p. 787~
797

Furundzic, D. (1998). “Application example of
neural networks for time series analysis:
rainfall-runoff modeling”, Signal Process,
Vol. 64, p. 383~39%

Gautam, D.K. and Holz, K.P. (2001). “Rainfall-
runoff modelling using adaptive neuro-fuzzy
systems”, Jounal of Hydroinfomatics, March,
p. 3~10

Jang, J.S.R., Sun, C.T., and Mizutani, E. (1996).
Neuro-fuzzy and soft computing : A Com-
putational Approach to Learning and Machin
Intelligence, Prentice Hall

In-Sik, Hee-jung Baek (1993).

range prediction of winter monthly-mean

Kang, “Long

temperature in Korea”, J. Kor. Meteo. Soo.,

Vol. 30, p. 247~260
Lange, N.T. (1998). “New Mathmatical Ap-

BEKE PRERNE



proach Hydrological modeling-An Appli-
cation of Aricficial Neural Network”, Phys.
Chem. Earth, Vol. 24, No. 1-2, p. 31~35

Lin, C.T. and C.S.G. Lee (1999). Neural Fuzzy
Systems : A Neuro-Fuzzy Synergism to
Intelligent Systems, Prentice Hall

Luk, K.C, Ball, J.E., and Sharma, A. (2001). “An
application of artificial neural networks for
rainfall  forecasting”, Mathmatical and
Computer Modeling, Vol. 33, p. 683~693

QOuenes, A. (2000). “Practical application of fuzzy
logic and neural networks to fractured re-
servoir characterization”, Computers Geo-
sciences, Vol. 26, p. 953~962

Ozelkan, E.C. (1996).

monthly atmospheric circulation patterns and

“Relationship between

precipitation : Fuzzy logic and regression
approaches”, Water Resources Research,
Vol. 32, No. 7, p. 2097~2103

Sajikumar, N. and Thandaveswara, B.S. (1999).

FAL DI 2002% 104

“A  non-linear model
neural network”, Journal of Hydrology, Vol.
216, p. 32~35

Valdes, J. B., Entekhabi, D., and Bartolini, P.
(1994). “Long term predictability of river
stages under ENSO influence, ASCE Hy-
draulic Engineering”, Vol. 8 No. 1, p. 366~
370

Waylen, P. R. and Caviedes, C. N. (1990).
“Annual and seasonal fluctuations of pre-

using an artificial

cipitation and streamflow in the Aconcagua
River Basin”, Journal of Hydrology, Vol
120, p. 79~102
Woolhiser, D. A. and Keefer, T. O. (1993).
“Southern Oscillation effects on daily pre-
cipitation in the southwestern United
States”, Water Resources Research, Vol. 29,

No. 4, p. 1287~1295

(3289 5:02-64:3 :2002.8.29/4) A} € 52.:2002.09.27)

629



