201941 A REBAE K “F 4 F38% #1480
Jan. 2019 Journal of Irrigation and Drainage No.l  Vol.38

XEHS:1672 -3317(2019)01 - 0090 - 06

E TR & XA R B E

BRI, AER LD, A T, 0 e, B B
(RA T K 2R IAFRE, &9 650500)

i E AR )RS RN, N R KA F ARV R FARE AT FVE T AR 57 LA 2
F0 S RBAFIE, TR T RAEIRSH T A THEA RS A GRS RN L, 2 A& EEGM(1,1)HE A fo f i& 5 #2449
2R % F G (ANFIS) > HIFAM T RE S A RAE T AEME, R A R ERXBEEWE 2 AT 45 R AT HIB A
AR KA T4 % A T2 8 A 5k B % AR IR IE AT IR Tk, RSN L5 R AT T 5 ¥ — & & EGM(1,1).ANFIS. A
TAPZ2 2% (ANN) . 8 & )3 55 50 -F 4 A (ARIMA) 5 58 £ =3 - (CLR)AZE A F Ml 25 Rt b [ 28 R AE A sk b
FAM 45 A5 B & T % —EGM(1,1). ANFIS.ANN & ARIMA £ & #0045 | JF f2 8 /N 5k & b 89 S ANERAE T AR 7
R, 3 oF F 364 X (Ballarat A= Cape Otway 3k &) % 7 3 # X (Dookie , Wangaratta #= Orbost 55 ) 71 ¥) 77 #ki% £ A
28.2~37.2 mm, % 4f 3 X (Dimboola, Edenhope #= Dunkeld 5& &) M) ¥ 7 A& 1% £ 4 20.8~23.4 mm.[ £ )Tt &
B9 GRS TN R AT AT, A A e f = TN B4 T 785

xR AERERN; KBRS ; EARRS; AERBEMAPERL R %L RETMBA

FE 5 2ES:TP183 SRR A doi:10.13522/j.cnki.ggps.20180198

FNBRES  (ERILT, k3, & BT @ SKBCER) B B ETUN[]. BEBHIKF R, 2019,38(1):90-95.

0 3l

Wee WY 0 T Fe /K B U B L ATl R T DL BRSO A I B B S B o e R B R AT T AT gl L K
FIZEH S IR A SR A 4R, B B R = SO S AN . 4 T B T ASE 28 ] o Sy A RS AR R 4503
IR AR . P RS BAR 4 A 3 v A UL L5 A R A O (10 47 B i R AT AR I TN, 0 SR sl A 2R Ui o 2
38 I3 S0 A A A R OO P & E T R T R RO SR 2R K SO R, 52 DR B i b 3 THI R AIE 55 AH L
VE 52, S5 S501R e ) A A e P ) BELASE 28 g 65 T 000 DX ) 1 o I YO A5 28 B LS FH 4

P BRI SN T 5 ik, [ B VAR 3 7 B (ARIMA) 5 N T8 28 /0 48 CANND #7372 T B 7 &2 70
M. 4 : Narayanan 558 F ATIRMA F55 2856 B b [X 2 A B4 9 5230 A7 TR0, 453t 258 XU B T 7 7 3 I
&% Kim S5 H ARIMA A5 RS F0 7 52 7t 1 (X 2% R e w9 i, LT &5 SR 5 S AR A e A e AR — 3. SR,
ARIMA BERY FU B AR DG i 381t B2 4 1P 1 2 e T e v TOUI RS B2, T e AR 2 1tk L A~ A ) H
B N = TOOARG P LA o 5 RE B A 28 R % A Ko Al 2 1 s 1) 3 37 2L A 68 v TN 2 » Abbot 2519 7 F e 28 I 2%
AR AT 1 R . Bt 22 10 DX 10 o R 6, 4 B o 20 ) 2 A 2R U AR 88 v T 224 VR DR R I 87 7 {66 P 1)
TR T3 1% s Deo 2R F N A2 W28 TN 1 KR 25358 ) H P4 K A ZE SR 5. Bagirov 2550 e T
%2085 (CLR) « H K B 1] )9 (CR-EMD « £ Je 26 PE [\ 19 (MLR) < 32 £ [7] S ML ] 15 (SVMreg) J 4145 /1 4%
CANND 5 Foft 77 25K TS 48 22 RS 8 /i wet (14 73 8 I 6 0 K 5, & SR SR B, X S [) o T I 1 3 371, A
7] SV TROIUAR B AN 7], e A ANIN T 3 N3 717 79 H 8 I 2 20 0 M e A TN K 2, SR S [l VA %) 5 A3 T 1) A
AT B AR TR, SVMreg S MLR S35 43 i6E 1 AN T B AT IR 51 S T 8 2k . thdh s B3 5 Rl T
T 45 B 07 2 8 5% 22 BIME 2 20 mm , B K34 460 57 22 ik 28.6 mm AT WL, ERAR H R4 ) A B
EIRIFRE T T IZ TS, AR e 3 — 0 52 i TS B A a5 0t 72

ST B — TS R R AR L AP AR 8] 510 FIU RS BE A AL , 7 22 2 T ABE Y O B At 58 N AR HH

il

ks B EA:2018-04-03

ESWB : HXBRRFIESITH (51608242) ; 2« B 44 B AR 70 5 4 51 H (2017FD094) s = 48 A A B 21T RIGTH (14118943)
TEEENY PRI (1994, Lo WL T A, 20707 N TTECLRE . E-mail: 2425285836@qq.com

WBIEIEE ALH, B PRI, 4. E-mail: dukun_cq@foxmail.com

90



Kol i — M A AR IR A 2 & 0 SR ™, H i I 5 2 PR AR IR N FZ 0 I 18] 3 21 AR A 3, dE 4
e PRNRS JBE o 7K SCRIE T A0SR, T Hes Bt 5 ) T 75 9248 i AT/ L e R ™), (EL A o
R B T T PRS2 0 R ARG o 5T b, i Y — e S R 100 ) B B N 5 9k K A R )
Fr 553 D9 F e W B AR B R f 7 3 4 AR IR 2 e A1 O AN TR 15 0 9 30 RO A 2R CEGMD A1 B 3 s
FEOR 1 22 I 28 22 S8 CANFIS ) BEAT T3 , PRI P A €80 S ka0t 2 S 0 45 SRt AT Bt 5 . 9 SiiE prde th s
125 5 SR I SRR [8] AR KA I 4 25 M . 8 A 3 e S B2 9 43008 5 e £t 075 32 M0 445 2R 5 Al 75 92 0 4
BEAT RS LE o

| BERIERI T ETREFE 8 A IR E T

et 9 5 A7 £ S 25 1 SR B 2R A A s RIS, BE LT POAR SR A AW AR AL, 5 3 R 9 & AE AN ]
i) RO BB RRER . %1 A MR AR 2 RBEAFE , SR HE Bl 77 753 v o 7 2 T0RS B2, 3
FEA PR A AN I IA) RUBE b 23 0 T ) R 5, SR e g AT Bl Al & o B, 7RI A RE |, 5 RE 3|
26 T 1100 J A S 24 1, 0 g S A R R () ) A3 P8 R B 4L s 91 000 >4 i ) B G &5 78 F ISR RUEE |, 5 8
Bee W P A A R AL, R PR 408 ) I 9 F0I0 2 i PR o, SR 0 2 S T AT B b 5 . 6 T 40
IX S TS Y ] SR R A1) Rk 1
yl(t) = Fl[x(t - Tl),x(t - Tl), .. -,x(t - lel)]
y,(t) = Fz[x(t -7,)x(t=7,), (1 - dzrz)] ) (D
(1) =Fy(0).52(0)]
T (@) () 53 AR A RUBE B H RUBE T 385 ¢ A F Bk W0 5 F0UIU A < () 9 ) B W SR < P[] 2 Pl 193 1Rk
NEITEAL s 7 7, B AR s dydo RN ZE 5 () AL & 5 F 1% 9 & TOME s FLO9 R H— &
PR, XHERETRH], A TAEIR 7 = 1, R ANGE d, = 1. SR A BEWETY, ZEIK LR E AR
THAREIEN S FH VR R 22 1) AL AR T SRR A () IS 8] S IR S AR A LE '
1.1 EFREELHNERETAERETN
TR RUEE T H e w2 T 0] FH o sk 4 o A [ ) o T ) B 1 27 000 4 i ) B R &, LM R e T
[ SR A AR [E] 3 A K SC S AR S5 26 A KB [R], BRI 8 B AP AR e i . BREERE T
19 H B =1 7 SR A SOE 5 B> CREATAMEAR) , 2R A K A EGM(1, DR 3EAT T . 2K R
T AR 2R 5 B XS R Rt TE R IR AR B S A A MR L )z T T A
R 545 A 3 0 3 BRI R P T X, = (a7, = 2 oot dy )} 355025

x(O)z{x(o)(l),x(o)(Z),---,x(o)(n)} CHH n=1,2,-d, o i1 R 20 BT 5 X(l):{x(l)(l),x(l)(z)’...,x(l)(n)} s Hor

Xmy=Y" 206

*w@%w#@yaﬁ%@umﬁwqyﬁ¢kﬂJMAJM%@F%%nﬂ@pJ%%o@j
B GM(L VKL« (k) +a2(k) = b » Feh a AP EI R R B b IR (AR I, SRR N — ook 45 . 7T
TR T (0 B340 1 ) 9 9 B T2 g

ORI B ORI 2)

12 £TBENMEEMAGN A RETBERET

WIRTIA , 2RSSR BT PR 2 5m L R R 66 ) 6 R R R B R AR L MR o Akrami 25092
T W 9 2 00 FO BT 3 B A T4 G M2 I 6, 6 T 19 365 57 o 426 M) 28 5 ANFIS) ) T30 7005 g o
Fio % T UL, R ANFIS B HEAT R R A0 W6 R RE T . ANFIS K78 55 B b Jang 25003 Y, HLA% B
SE AR BE R 22 0 25 WL A, 38 P T OB B 5 L Ak e RS 52 1, EL A 036 7 2 5T i 7 9 N S
FE PR TS BE A4 e R 2NN (v, = (0= 7).y =t = 2,)} 1AM HS y=y (0 IROBORAE 2 2R
4t , i 2 1N IF-THEN AU «

91



Ifx,is A, and x, is B, thenf, =p,x, +q,x, +r,
Ifx, is A, and x, is B,,thenf, =p,x, +q,x, +r,
TN A, B NRFERR IR Cm=1 2D R A 22 X 2% S5 44 I 255 98 VE LSRR [201]
1.3 ETREXKNBEME
Kl R R — X R 2 A TN 45 RS HR S R, B SR B E SUMBCF 2948 . SR A 8 2R BBk
PE B Rl TR, DAL TR O At AN [R] B YR AT B, R b 1 B G 11 U7 vk 3 B B R 22
YRERI PN BN S

(3

1+ 50| +]s,]
801': ’ (4)
1+‘50| | i‘ |s =S

ﬁ¢|m\zaw+AM s =s0|= ZY@:W+(HM ()] o Hetx(l) x

(MYAFERFTFIIER [ M T Mjﬁﬁ{mﬁizli’ﬁﬁ Y(l)*x(l)'x(l)\K(l)*yt'(D'J/f(l)\J/f(Dj‘jiﬁvﬂﬂfﬂgﬂﬁm\ﬁm”ﬁ(iz
1.2). TG, H&mmgs Fy it &0
o1 €

y= + ¥, o ®))

1 2
ey téy ey téy

2 FEFIE TN S5

2.1 T sc

K SCHR[8] 7 4 22 W 8 A3 w5t Sz B4 R 00900 56 aE BT B2 o Tl 7792 o X i 4 1889 4F 1 H —2014
12 AW AR E, o WK FE A SR M BN AR HHT 13924 H FEm B8R E A ERAEAR, J5
120 /™ H B E 5 E R IR FEAS . (EARE E B2, £ R H EGML, D) BLASS 4 REE R H B & e, 7

2 2

K6 K BF A FAI 2 L Ak AARIE USSR ey T Stk o LA M, 25 T 20 LU DA AE T A 76 y= (e " le™™")
P o U 8 P 000 A5 7R T S 715 D) 5 S0 AR A A i AR e A B XT%ITEJ&?TEE%&&IEHTTHJ?%I?EEJJDL_
MW e, TR AR . X8 A 116 S H I RN R R, 2B AR E RS

2

k) €(0.997,1.014)e(e "o e 0% ) i R @K
2.2 TS E RIS
KRR 22 P 4851 1% 2 DL N2 Nash-Sutcliffe £ %0 (NS A RS R 6t i+ E RN -

BT AR 2 - RMSE = (lZ(Xi—YL.)Z)Z . 6)
mi

TR R szliwﬁﬁh D
Z(Y X))

Nash-Sutcliffe 5% NS=1--t—-—, (8)
Z(X -Xy

A e m AREARRG XN H B ESSE ; X 9 STME )~ F3ME ; Y A A BERBUIIAE . a0k 1 Frs, R AL &
T 25 B 4h 1825 H 7 ANFIS.EGM(1,1)- ANNLARIMA & SCHR[8]H CLR £5% 5 Ffi o — AR R Fiul 5 IR, FLrp
S FE TR 45 SR AR AR bRk

MFE 10 PLE H , B Dimboola . Dookie & Wangaratta 3ifi 5 45 , X oAt 5 N0k 25 5 B &, A8 b A vA 4R
LI B AR TIOR3 A, B — ) ANFIS S EGM(1, 1) #5780 00 45 F52 #0045 20 F 6 5, IX 36 A1E T
P T iE T AT AR o e Ak, X BT il £, EGM(1,1)5 ARIMA H [ R & TS 2 AR T ANFIS &
ANN TIRKS FE , 1% 72 BT EGM(1,1)5 ARIMA A N 48 #F A B AT #E 4 M A HE T R R AL , 11 S B 52 S 55
BEMLER 5200, H BTN 2 IR M AR R AR o I LA Fd 8 AN i N 25 SR v 45 HE 5 DG 8 21 2R 30
7 1) e WY £ U0 A S IR K 22 S, AR T A 5 4 [X (Ballarat A1 Cape Otway 3 ) A& 7R ¥ H#b [X (Dookie ,
Wangaratta £l Orbost ¥ . , Tl 5] 75 AR 2 22 4 28.2~37.2 mm) , 5 B3 [X T 2% 52 58 i i (Dimboola , Eden-

92



hope 1 Dunkeld % 55, , TIN5 77 MR 15 25 4 20.8~23.4 mm) , H: FR A EE Orbost (1) TN B il . X AE T
RESR AL PE A EE 248, TV i S B S A s o B, 3 B RO B AL B K, ot &5 kS B IS IR T
i B R, AN 45 tH T Orbost Hb X & A8 R FR0I 25 5, Wi ] 1 s o B0 22 90 T3k S 3 [X ) UM o i I PR R 243

;%\ ’ ﬂ%ﬂiﬁﬁ[&l o

k1 AT orzikay 84t bR ERERMNL R

5 TR FE TR A ANFIS EGM(1,1) ANN ARIMA CLR
RMSE/mm 20.8 21.2 24.7 21.6 24.6 19.7
Dimboola MAE/mm 13.8 144 17.5 13.9 17.5 12.9
NS 0.4 0.4 0.1 0.3 0.1 0.4
RMSE/mm 21.7 22.1 26.8 225 272 23.0
Edenhope MAE/mm 15.4 15.8 19.2 16.7 19.5 17.2
NS 0.5 0.5 03 0.5 0.3 0.5
RMSE/mm 30.1 31.6 33.2 29.5 31.9 29.4
Dookie MAE/mm 20.2 20.3 22.8 19.5 20.4 19.1
NS 0.4 0.2 0.2 0.4 0.2 0.4
RMSE/mm 28.6 30.0 343 30.2 324 27.0
Wangaratta MAE/mm 21.1 223 24.0 22.4 23.7 19.4
NS 0.4 0.4 0.2 0.3 0.2 0.4
RMSE/mm 38.4 38.5 432 393 438 39.3
Orbost MAE/mm 26.7 27.9 29.3 28.6 313 28.6
NS 0.3 0.3 0.2 0.4 0.1 0.4
RMSE/mm 282 29.1 325 28.8 323 28.3
Ballarat MAE/mm 20.9 21.1 229 20.7 227 22.0
NS 0.3 0.3 0.2 03 0.2 0.3
RMSE/mm 23.4 24.1 274 23.6 26.9 23.4
Dunkeld MAE/mm 16.2 17.1 18.7 16.8 20.7 16.6
NS 0.4 0.4 0.2 0.4 0.2 0.4
RMSE/mm 30.9 317 34.2 322 322 33.0
Cape Otway MAE/mm 23.7 242 26.2 24.5 243 24.7
NS 0.4 0.4 0.3 0.3 0.3 0.3
3] — ot = S— T B
300 f
250 |+
g 200 f
g 150 | [\ “ )\
RAMN
’ 50 ]\J\ 'N\]\ -ﬁk YAJ U\{\ /\ W/\J\f v/\ Vhi \ M)‘ V\/\//\J aAA
1 1 X X 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 A' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
SEEES8cc8css8:8s:z:z88¢5:¢ SEEE8SSc8855888:5:::5:¢:¢5
=R F341
() EA R (b) ANFIS #i7
301 S B 350 Sz B
300 f 300 }
250 250 }
£ Eal
EIOOMNA A f\ M\P M L Ewf | A A*/j\fh \M'
2o PO Yo 50 L AWl AU \lilg
LAY W VI e |
"S55SE55S55E5555C55E555588¢8 ‘SScscSccs5c55cE55E52z85¢8
ZEgEcSE2szss3:5°S58:8255% ZEZEEScEsszSscSS885:2535%
SRS SSSSSSISISISKILSR S S SSSSSSSSSSSSSSEERR
H ELY
(c)EGM(1, 1)k (d) ANN 7

93



SEIIME (DI SEIIE HLULE
300 300 b
250 A 250 l ‘
£ 200 ‘\ M g 200 ‘M‘ H
= 150 | | | H A = 150 | ‘\ | | ‘H [l
| o [ | { I
& 7* | ‘ | | It M o \ { | | }
100 H WA | | il ‘ | 100 u N | | i
en | AN I 1l W0 [ | | Mt il
o VA e N A e A N A IR TR
5 i wJUv\/\ N Sl L4 A VAV 50 i W‘t“('\/, % Y
o b 0 L vl VT L
S55F553535553358585838¢8¢8 B EHEEEE
=== lleleleN el e - E--e -] O OO0 O o oo o0 OO O OC O oo Cc oo oo
VN OOV OO = AN ANONOON T T 0N VN O OO O = = AN NN TN
S OO OO OO OO QO v e e e e e e e e e O OO OO OO OO QO e e e e e e e - e
= -NeleleleleclecE-N-lelololeloelelel-N =i S OO0 OO0 OO OO0 0 O0 o0 o o0 0o oo o0 oo
[0 I o I o I o I o I o I o B o B o B o I o I o I o I o BN o I o I o I o B o B o8 B o8 | Lok I o B o K o Y o8 I o B o B o BN o I o S Ao I o BN o BN o B o I o BN o BN o BN o B o |
H 3 =Y
e Y it
(e) ARIMA Fi 7 (£)CLR 7

B 1 Orbost e K 5%l {f &5 7 ) {f

3% i

FE TR 4E %2 F1) 30 8 ANk i B R B0d L 5 EE T EGMI(1,1) 5 ANFIS # & 4  | i— EGM(1,1) AN-
FIS. N LAHZ M 45 (ANN) « F [BIVAFR 503 51 F 2858 (ARIMA)D 55 Z 2K (a1 972 (CLRO A A T P G . #F 7045
R T I A TR A AL, 50— ANFIS R LR TSR B R , (R8N B R B TR /1y . EGM(1, 1) T
SR T PR, X2 T EGM R % PR Y & 2L A A M S Z 1 M, WOTIG v v TN Ak S8 AR I () KPR Y, IX
53CHR[13, 19185 ALk, BEah, 1D S5 B 1D AT LA HY , ANNBLAY K CLR A 45 K [ 1 0 T 000 s 8
By T ARIMA RS R 6 55 R B8 N R 5 T A1, 3K F 11 7 o LA ik () AR 4R M WS 6 ) 5 T ARIMA
R B SE 1 A S AR B I I (8] 7 4, 3% 5 SCRR 81 AR 45 SR — 3. BB e H BN & 2 RS HF
I , Rl A5 2R T 75 AR FH LA A5 B AT T BEIRTF 5 CLR TRIEAS FEAH 4 1 45 1, X R B A ST A4t 7
W7 VEFRE AT o ARE AR VR R 2, B2 52 060 K o T (a5 2 T D ) TR 8 A IR, 5 2 A ) B — A8
RTINS F . X2 T 7ER R A I AR b, R IE B AR TS FE , — i R B BRI T K B TR T0UAS FiZ , ey
P2 1R AN TR B (1) R P I TR A it — 2B 5t o
4 25

DEGM(1, 1) B 38 b 6 J5 4 B AT — Uk BN S 5B A8 e, 45 O /NFEAR 305 B AN e T R EE 1
Tl B A MR O 3, 3 T B R AR D B AR RUBE R H B R = T s ANFIS Tl RLSR-& 1 4 40 0 2 TS
WAHERRAR i, A RORI AR L B8 7, & T AR MR B s i) A R H BRI 2 1000

2) A5 TR £ TN 45 SRS B T 8 — X EGM(1,1) . ANFIS . ANN K ARIMA 5 B4 F50300 45 5 , I 7E 8 /N s
FRR S NS T B TN R R , 22K 1972 (CLR) % Dimboola Dookie /2 Wangaratta ¥ &1 F B & B A 5 5
TR BE L 1% 3% B BT H AR Y il &5 TV ol AT AR an el ik — 2D 48 v F B R = T000URS T B A3 A A

3) ) P W = T RS P — T B R T T A 2R AR B, 5 — T T 52 Xl A A s e 50K, AR AR e 1 P ki
e Y 2 TN R P vy T 500 22 7 Y g TROUAS 32, G e 4 v 22 A0 A i IX ) o T T K 88 AR SRt 5 7 o &
Jei TAE AR 3 SR F 3 5t F B R S U SO0 gt — D SR UE AR SRR HE 5 i

S -

[1] BRI, KRz, FRERG . 27 6 FIET AR aR DU B AT B 0] R G007 304K, 2016,28(5): 1 117-1 123,
[2] CHAUK W, WU C L. A hybrid model coupled with singular spectrum analysis for daily rainfall prediction [J]. Journal of Hydroinformatics, 2010, 12(4):
458-473.
[3] NARAYANANP,BASISTHAA,SARKARS, etal. Trend analysis and ARIMA modelling of pre-monsoon rainfall data for western India [J]. Comptesrendus
Géoscience, 2013, 345(1):22-27.
[4] KIM B S, HOSSEIN S Z, CHOI G. Evaluation of temporal-spatial precipitation variability and prediction using seasonal ARIMA model in Mongolia [J].
Ksce Journal of Civil Engineering, 2011, 15(5):917-925.
[5] FAULINA R. Hybrid ARIMA-ANFIS for Rainfall Prediction in Indonesia[J]. International Journal of Science & Research, 2013.
[ 6] ABBOT J, MAROHASY J. Input selection and optimisation for monthly rainfall forecasting in Queensland, Australia, using artificial neural networks
[J]. Atmospheric Reselarch, 2014, 138(2):166-178.
[7] DEO R C, SAHN M. Application of the Artificial Neural Network model for prediction of monthly Standardized Precipitation and Evapotranspiration

Index using hydrometeorological parameters and climate indices in eastern Australia [J]. Atmospheric Research, 2015, 161/162:65-81.

94



[8] BAGIROV A M, MAHMOOD A, BARTON A. Prediction of monthly rainfall in Victoria, Australia: Cluster wise linear regression approach [J].
Atmospheric Research, 2017, 188:20-29.

[91 FBIERE, A He T I I 2 BRERL T K BT[], SEBEAEK 2441, 2004, 23(2): 59-61.

[10] B, IR, KRGS, 2T PCR AT ANN M ) + 3 fi b K i P PR 7 [0]. BEBEHEK 224, 2014, 33(1):17-21.

[11] FERAR, BUKEE . FT GM(1,1)-AR LR AT AR BT A 31 4 X B E K ) TN D). EBEHE K 2441k, 2014, 33(21):414-418.

[12] ZHANG lJixian . Multi-source remote sensing data fusion: status and trends [J]. International Journal of Image and Data Fusion, 2010, 1(1):5-24.

[13] ABABAEI B, MIRZAEI F, SOHRABI T, et al. RESERVOIR DAILY INFLOW SIMULATION USING DATA FUSION METHOD [J]. Irrigation &
Drainage, 2013, 62(4):468-476.

[14] BAI'Y, CHEN Z, XIE J, et al. Daily reservoir inflow forecasting using multiscale deep feature learning with hybrid models[J]. Journal of Hydrology,
2016, 532:193-206.

[15] SIVAKUMAR B, BERNDTSSON R. Advances in data-based approaches for hydrologic modeling and forecasting[M]. Singapore : WORLD SCIEN
TIFIC, 2010 .

[16] ARNILT, k3, USR5 . JRisk A ki OO (R B TS B2 A2 A7), RS S 3R8E TR, 2017, 39(4):102-106.

[17] XL KRG IR HFEM]. iR A I TR A, 1990.

[18] JIN S H, LIN P, HALLETT M. Linear and nonlinear information flow based on time-delayed mutual information method and its application to cortico

muscular interaction [J]. Clinical Neurophysiology Official Journal of the International Federation of Clinical Neurophysiology, 2010, 121(3):392-401.

[19] AKRAMI S A, NOURANI V, HAKIM S J S. Development of nonlinear model based on wavelet-ANFIS for rainfall forecasting at Klang Gates Dam[J].
Water Resources Management, 2014, 28(10):2 999-3 018.

[20] JANGJ SR, SUN C T,MIZUTANI E. Neuro-fuzzy and soft computing-a computational approach to learning and machine intelligence [J]. IEEE Trans.
Autom. Control, 1997, 42 (10):1 482-1 484.

[21] LIU S, FORREST J, YANG Y. A brief introduction to grey systems theory[C]// IEEE International Conference on Grey Systems and Intelligent Services
[J].IEEE, 2011,3:2 403-2 408.

Predicting Monthly Rainfall Using the Grey-correlation Method

SUN Xiaoting, REN Ganghong, DU Kun', FENG Yan, ZHOU Ming
(Faculty of Civil Engineering and Mechanics, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: [Objective] Precipitation is the main input to many catchments and ecosystems, and catchment man-
agement and design of irrigation schedule need to predict it. This paper presents a method to predict monthly pre-
cipitation. [Method] Considering that temporal change of monthly precipitation is nonlinear and multi-scale, this
paper proposed a data-driven based fusion method, in which the grey model (EGM) and the adaptive neuro-fuzzy
inference system (ANFIS) were used to predict the rainfall at yearly and monthly scales. The two predictions
were then fused by the grey correlation method. The model was evaluated against the rainfall data collected from
eight sites in Vitoria of Australia. We also compared the proposed model with the so-called sole prediction mod-
els which include EGM (1,1), ANFIS, artificial neural network (ANN) and the autoregressive integrated moving
average (ARIMA). [Result] The proposed model was more accurate than EGM(1,1), ANFIS and ANN and ARI-
MA model, giving the most accurate predication for five out of the eight sites, in which the root mean square er-
rors of the proposed model for the central region (sites at Ballarat and Cape Otway) and the eastern region (Dook-
ie, Wangaratta and Orbost stations) was 28.2 to 37.2 mm respectively, while for the western region (Dimboola,
Edenhope and Dunkeld sites) it was 20.8 to 37.2 mm. [Conclusion] The proposed model is adequate and reliable,
offering an alternative to predict monthly precipitation.

Key words: monthly rainfall prediction; data-driven; model fusion; adaptive fuzzy neural network system; grey

prediction model
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