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Simulation of daily rainfall-runoff in a small typical catchment of
Qilian mountains based on support vector machine
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Abstract; To predict daily runoff timely and accurately plays an important role in the reasonable plan-
ning , utilization and management of water resources. This paper built daily rainfall-runoff model to predict
daily runoff for seven days in Pailugou catchment in a typical catchment of Qilian mountains based on
support vector machine(SVM). In order to test the validity of the developed model, it compared the re-
sults between SVM model and traditional artificial neural network (ANN) model in terms of different eval-
uation criteria during validation period. Results showed that both SVM and ANN presents very high preci-
sion and SVM model performed better than ANN model. The SVM model may be considered as an effec-
tive tool to establish a medium and long-term daily runoff forecast model in semiarid mountain regions un-
der limited data condition.

Key words: small catchment;daily rainfall-runoff simulation; daily runoff; support vector machine; Qil-

ian mountains

SR B H AR RIS U 7K SCHIFSE Y 22
LIS 4, TS K B VR A ) B A U
WA EIE 3 d LA E A H R0 H AR SR BT 7
L RE N R B S S 12 B2 i i - UK (B
FART . SR, BAT R0 H A I B0 5 4k T R
JRE WY B, AR TR B AR R UKL, i A 7 5
PREYTFEE DR, R P AR I SR 5 A

&[] B #9:2015- 03- 17

W #E B #:2014- 10- 14,

PR G RAY B B B AR S IS X K
IR X K TR R Ak b A 2 T KR S
AR E PN 2R, T T 52X AR 0 R AR AR A
FHEBAHIX KGRI o R, A T A%
TSR, S Y T AR Y A 2 EREE BT LR R
RO AR IS A T R S W
TR A 32 A 5L T B R 0 40 A 2 K S

EEWB : MK A RBAREE T H (41271524 31370466) 5 [H 5 BHE S0 H (2012BACO8BOS )
BB TG (1990- ) , 2, AR 5 A, 3t R R BB REAUMTE
BIRAEE /R (1978-) I8 HR A, BIWFFE 51, At A 0, A3l T K BEEIIE ST



G521

TS , 55 T SRR AL(SVM) B ABEE LIRS/ g i H K — FRimsBtie o2 27

ISR YR SR A3 K SRR Rl B
RN 1K SC B AR (H— e 2R AT K
RGBT o Z ORI R R, 3
A FOK SO RN RE5E 42 KA SRR BAT W) B SRy
Dot e T4 S S AU BR 9K sh i
DA S5 B AR K SO B AR A 2 8, T2 i i 42
B A B v A B LR BEATRE B OB ARk,
WS BE R an N T 22 M 45 (ANN) iy T30 i
LERER R B IS DA R o 2/ 1611 R
M7, ANN H2 5 B T Jms B A /N L AS B Wi EL R 295 1 g
A, Xt ANN (4 B0 32 SRR S RF
TEAL(SVM) J2 4k 22 0 246 2 Ji5 AL & 2 > LR A9
P 2T ROR B U UL T M2 ) 2% 1 22 B
f/MEEIN, SEEL T S5k AU Fre MK, B AR SR )32
PEPERE , IT LIAR G Mo fff e /AR AS (A 2 45 52 B )
AL, ELHT SV LUH AT 500 45 1 F1 R4 ) 4 FE . i
Kb 2 1 I FR BRI T

AR PR KSR RS 2 B XA AR I
PEAT T RUURST Arh R A0 ANN SR T2
I P AR AR TR R, S5 R R WM AT ANN
AR TR T T 5 R AR ST
224 (GRNN) $H53 7 BRI H 1L 1 AR 6, WiFE 3R
W] GRNN i 22 [ 45 1] LU TAR R ; He Zhibin
AESIRIF SVMLANN R F 335 37 4 28 A5 491 HE I R 4
(ANFIS) ZEAT 1 HERR AT H A2 A L, 45 2R 3%
W 3 AR a] T HARR B I ik . LA
TRIMAT TS AL T H AR A A AARAR R 3 A7
TET, SR, AR5 D, ) R SR s A T A 7
HR I H AR B AR OGS AN 22 W, PRI, AR SC
DA i L T/ N R, — R VA TR A S F 5 X3, A1)
PRI H R AR ] P81 s, LA SVM L Dy
FERIPE T TR H K — AR T, SRRk 1 ~
7 d B BARTEEAT T I AR SVM AR YA A 3L
P, L5800 ANN BERIBE X LE

1 SRR LA REAS ST

245 1] 1 ML ( Support Vector Machine, SVM ) &
i Vapnik! AR GE T B AR 1, B AT SVM J7
LT 2R AR 738 SVM [l IR 75 % (9 A
SRR X T4 RREARBEER | (x,,) 11 =1,2,
oLk A Ry, R A SORAUG R
BOEA N f(x) = w - @(x) + b ARYEETHI KBS /)
AT U -4 o D [ 4 - T el

.1 e
min( o [[w | + CR,) (1)

Roy = 210 = f(x) (2)

AP C RTINS 22 PR 4D 52 4% B =2 [B) 47 v iy
TENALRREL; & A RBER R pRE XA S HF ) AL
F14) 1] 1 ] R Agle S5 A0 T i R — > R B )
min 5w |* + € (6 + ) (3)
y, —<w,p(x;) ><b+&+e
sl <w,p(i) >—y, <& -b+e (4)
£ 20,8 =0,i=1,2,1
TEF AR , 2SR R RS R pR AR «
f(x) = wd(x) +b
= ;(aj—aj*)K(xi,xj) +b (5)

A K(w,x) = o) d(x) R 2 R
PEPETR B e Mercer 2514 7E N I H, ¥ DL % bR
BOA 2200 A% s AR ) BE A% RBP4 I 46 A% R
B AR SCHE I ST AR ) B A PR A K (v, ,x,) = exp( -
%, — x| */a®)", # MATLAB ¥ 55 T, iz
Libsvm™! T HASZH SVM 57 g gt

2 PR

2.1 HIEREEAE

AR SC AR 7 L B LA /NS — HE R VA T8 (
100°17'E,38°24'N) R #IF 5% X, ¥t Jel i 1 A2 K 2. 85
km?, BEHEIE , K 4.25 km PR 12 4019, ik
2650 ~3 800 m, MBS X K & Bifi 4K _L I n
e 100 m B0 4. 3% , 7EVEHK 2 700 m AL,
SRR KN 375.5 mm,, AR Rl A AR T %
WA, ABIFFE X T34 2 650 m b (1) 2°C 12 i A 2]
4K 3 800 m ALY - 6.3°C o A58 BT H B8 A HE
FE LI 2009 — 2013 AF UL () H FEIK A2 3 58 KL
H B A FIAR Ui 0 B3O 2 o e Y HE S v 3k s
Ab CHEHR 2 700 m) A 152 14 R 2 O8I0 o 0 = £ L 8 A%
PR A . L4 2009 —2011 =AFRY H FEK 72 B
YERYNGRFEAS , F LR e A58 5 J 2012 - 2013 41
H BE7K AR DA AR AR DL AR A

HERR 1 i3k B AR B AR I B 1 S AR G i
TERILER 1, mER 1m0, H AR AR AR S R B
BIRTF 1, HEE KRB A 5 REC Y RT3,
(78 5 R BUE I R, 31X 7T Rl 2 XA U B 7= A 5
U P = ) ey = o S 7 NS R 7 S T



28 bi i IS S I 2015 4E
RN 18 KA %M, 76 AT N 28 1 25 i e 6 5 4R 4 Q =alog(q+b) (6)
PEEATIH—ALAb B A SO R B9 PiAh BRAER Sy FRHA— B g = 109" - b (7)

x1 HEKE. &

TERNEASIHE

FEAR iitA - {H HRRAH w/MA PRt 22 5 R AL P £
PIESES [47K /mm 0.69 29. 40 0 2.32 3.35 5.28
B/ (m - d™") 559.74 8841.10 9.15 1082.26 1.93 3.97

MAEA [ 7K/ mm) 1.14 29.70 0 3.46 3.03 4.41
B/ (m® - d™h) 501.27 5396. 80 11.02 801.47 1.60 2.12

SEEAC [# 7K/ mm 0.87 29.70 0 2.84 3.26 5.01
B/ (m - d™") 536.35 8841. 12 9.15 979. 83 1.83 3.69

e ¢ RIEEEIFH], Q Lt bR e AL 15 1) 4
FPA,a b 2 AR B SR, ik log eRECD HIBE O
18K b (HBERE N 15 2 bR AL A S 25 in Hes
RIS B, A T 2125
2.2 REMERBAEEIEE

XFFEIK = RS R U, R /K AR I 1Y) 3 A5 4L
Aty s 5 10 = 10,,0,,05,-+,0,1 H
(R} = 1R ,Ry, Ry, R | M AP 51 Y B,
1] P 91 14 D S 5090 e 46 75 30 4 IR ) 25 £k 1) R
T, IF HLX AL AT DLSE A S 2Rk LAGEA T 0, % H
P Qa5 @iz s Quas s o5 Qg BEATTIIN , LR 254K
Q15,012,055 , 007 5T m S 2R K R,,R,,,
o R, FIHT A2 Q,, 0,05, 0,y ZIH]
AR E,HD
Qui = f(R,R_ R _01,0,,0Q,0, 500 00)

(i =1,2,---,7) (8)

PRI, H 37K — A% 4SS 80 B A 2 AT LA B 7 3
3 SR R AL A ] g5 28 A0 0 ]
H P E Ak AT i, BCE BB AT Y SEA R =
B BT R H AR U SVM AT ANN BORL, K
UK SRR AL i A [ £ 42 52 Ve A S RL (A 4D 25
R, DRHCR AL g A o) 5 8 B 95— TR B 21 TA
H FITEL AR DG A 7K SR AL vh e PR A ) 2 85 1 1Y)
D ER ok — i R R B AR H 22 1]
MIZEPECFR . X T H B — IR UL, B R4
U2 TRIAR A FH 7 B M 6 ket iR ™ L It A
SCEPEAE N 47 i) (Relative percentage error,
RPE) J5 ¥ A28 It P00 A A8 1) o A\ o) i, 2% 7 %
T TR Y I AU I8, TSRS 8 1 7 fR a5
FEREPE IR AL, Hat AR -
RMSE(L) — RMSE(L + 1)

RPE = RMSE(L)

x 100 (9)

AP RMSE(L) FIRMSE(L + 1) 35l & i £k L
FIL + 1 BRI MR 2% . XY RPE < 5% B, LAE R
IR MR Z T BB e T A (8) m Fln
I AR BUE 2301 h 2 0 3 0[R2 7 00 A5 250
R
Qui =f(R,,R_,0,,0,.,,0,) (10)
(i=1,2,-.,7)

2.3 #EERNEMISHR

JE T ANN T SVM B0l 80 8, B4l 235
TR FHAHERE( R) (IR 2E (RMSE) KR
FELNS) FERPEbR . EATRTTHEALIT

(1) HXZRE(R)

R =

IONCAORYDICAORNTD

/Zumw—wfjgumo—@f
(2) By (RMSE)

JZ(QP(i) - (i)’
RMSE = |*=* (12)

(3) BERFRE(NS)
> (Q (i) - Q(i))*

NS =1 -+ (13)
E(Q"(i) -Q°(i))?

Ao n B AREAR IS O F1Q SRR AN
FEHITHIME; QR Q T 43 SR 2540 3 1 52 ) i
DU, R (0 NS {E435T 1, RMSE {823 0
Bk, BEALIEL 5 S0 P 2 e A — B, B ADURE
o MR AIEUE . R = 1 ,RMSE = 0,NS =1/}, A1k
Sy MR Ny F A

(11)




G521

TS , 55 T SRR AL(SVM) B ABEE LIRS/ g i H K — FRimsBtie o2 29

3 5w

3.1 SVM EEUSHIER S

SVMAEt +1 ~ ¢ +7 d TN R WK 2 h&
2 AT it U B E) ARG, SV ML ) TG 2
BEAR, 1E SVM ZE I 25 () A HUUNG v 1 0 10 1
MR AR SVM 7E ¢ + 1 ~ ¢ +7 d [ R{EYI A TFO0.7,
FEHH SVM LAY [y AL 40U A S A 2 ] HAT AR i3 72
JERZEPEAH G ;SVM 7E ¢ + 1 d B9 RMSE {54
274.25 m’/d,fE t +7 d i5%] T 550. 86 m’/d; Mk NS
{H3EE,SVMFEt +1 ~t+7 d B NS{EIH KT 0.5,
RERBADORS BE S T LU SZ 10 L 5 Bk, BE
oI AsF 1) A% 354 0, SVME B PRS0 8 B AL, 5
5T IS ¢ + 7 d, X Ui B SVM A A] F T A
91 H AR T ELA e e 0 TR E

T2 SVMZE: +1 ~ ¢t +7 d FyEHL TR

3.2 RATHRASEXTEL i

g uE SVM i AG RME , 76 A W) ) 6 di A1 Ol
T, R H ANN J5 ik b A7 XF U 9T . ANN # R R 7
MATLAB ¥45% ~ F BP it 25 &) 4% 58 ok 3 o 41 P01 245
SEPL, B R RN R A% 3 pR AR ISR H tansig A
purelin, Y| Zk pR BCR H trainlm , F) F 04 2% 36 B BP
W28 25 A B 2 pl 8 e, B B 25 0. 05, fie
KYNZREE R R 20000 K, 25t ZRIBAT, A&
HAR I ANN Bi8 A SCBEEL SVM Al ANN 45
RUAE Ty 8 2 A 0 1) R LA T X L

FHIE 1 AT40, ¢ + 1d i, SVM Fl ANN %) R (B
KT 0.93, NSAEHPEIKT 0. 88, R B PAAAY (1) 155421
K R4 (H SVM [ RMSE {8 (274.25 m’/d) %2
/T ANN [19(308.23 m’/d) , BiAH SVM (44013500
PEF ANN, A, 2 B0 B[] 7 1 d B, SVM Al
ANN ¥50] F F B 42 3 w0 5 w0 oS 22 E & &, (5
SVM () SR 24 T ANN,

- R RMSE/(m® - d™") NS
YIg Wik W% Wit I ik He Zhibin %" 75 FERCHE 9 2465 89 0F HERZ 1

t+1  0.96 0.94 324.43 274.25 0.91 0.88 BT (e + 1) d H ARG S0 it R AR AR T
t+2 0.94 0.91 393.06 329.41 0.87 0.83 SVM it T ANN 453, H SVM 7£ 0 2L B9 i
t+3  0.94 0.86 366.67 437.57 0.89 0.70 RMSE {ii )3 364.56 m*/d , &5 FA SCIR ) g SVM
t+4 0.94 0.84 386.56 457.00 0.87 0.68 TEt+1d [ RMSE (. (274.25 m*/d) , A SC ST
t+5 0.89 0.82 500.14 470.19 0.79 0.66 (9 SVM 75 %5 B [ 42 5 F5000 i 22 B0 e 7 B 5 10 T
t+6 0.87 0.76 537.28 525.75 0.75 0.57 K51, X AT RE SR T S0 H BRIk — #2 R TR fg 2 <7
t+7 0.85 0.75 585.53 550.86 0.71 0.53 BT KR 2 (SR RS R 5

1.0 = ANN 600 [ e ANN 1.0 m ANN

— SVM ~ |l C— SVM
08 | Z, 500 08t
- 400
0.6 g _ 06
~ Z 300 F Z

041 § 200 L 0.4
02} = oo L 0.2

0 0 0

1 2 H3 4 5 +6  t+7 1l 2 3 4 5 +6  t+7 1 2 3 4 5 t+6  +7
e /d T / d s / d
B 1 JiXHEI SVM #0 ANNZE ¢ + 1 ~ ¢t + 7 d B9IEMISHRE

it 25 T B ) B4 589 B, SVML T ANN A5 81 ) 15
MRS EE Y BRI (B 1) o N R {H KA, SVM Al
ANN (9 RAEF5IM ¢ + 1.d (90.94 F10.93 TR ¢
+7d 190.75 F10. 73, Ui B Bl A B R BN, 42
Tt FRUI L N S I AEL 22 0] P 28 P A G ke ik 555 , (H
SVM F1 ANN 7E ¢ +7 d /57K T 0. 73 ARG P2 L
R, [RIEE, SVM 7E ¢ + 1 d i) RMSE {8} 274. 25
m’/d,® ¢ +7 d3iEF T 550. 86 m’/d, ¥ T
100.9% ., ANN f§ RMSE { M ¢ + 1 d /) 308. 23
m’ /A ME] ¢ +7 d (4 563.74 m*/d 34T 82.9% .,

UL Ak, SVM Fll ANN 75 ¢ + 1.0 +2 d [/ NS {H¥7£ 0.8
PL_E, 15 SVM AT ANN 7€ ¢ + 1.6 + 2 d § RS &
e E P AE e +3 ~ 0 +5d 9 NS {EELFE T 0.6,
VEIARIRIAE ¢ +3 ~ ¢ +5 d Y TRIIKS EAR i s 7E ¢ + 6.,
t+7d B NSHEH KT 0.5, PEBIAEIE ¢ + 6.6 +7 d
R TR 2 T LA 2Z 1 o LA L4 W26 B SVM AT
ANN TE ¢+ 1 ~ ¢ +7 d BORRDRS B ORI, T g
HBHAL S AR E] ¢ + 7 d; AT ANN AR
T, SVM AR ELA BT o (1 TR

JATAHT SVM T ANN [ TR 1 | i 5 % 1



30

% S IS W S

2015 4¢

PR ER2E 00 . F SR BRI (&1 2) T4, SVM
FIANN 7E ¢ +1 ~ ¢ +7 d (1) BEURZE IS B AR
Gz , WIS TS BE B R I, (PR
SVM [yiz2s BFUMZIHRAE ANN (19 17, 3% nf A2
Sy LR SVM (1 TIIS 23 = 1 ANN (1),

THEDAE TN A AT TRLIN (%) B Y2, YA T Tk 0
AT LRl o A 2L o7 93 10 28 P AL B K . % E Ay
Hr SVM 1 ANN FEAR AR AR HLBCR (&1 3) 3R,
SVM Fil ANN F #5540 45 R 34 55 SN AE AT e KR 22,
SVM Fil ANN #RBEAR GBI 7 d iyt

100 g 100 "
s 80 < 80
# 60 # 60
iy 7 =
B 40 & 40
Bk Bk
20 20
'A
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
RIERFE /) % IR/ % K/ %
100 100
X 2 80 X 8
e 60 g
i s iy
& & 40 =y
20 2
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

BIEAT / %

0 20 40 60 80

WEEKY /%

——SVM

WZEN /%

—2—ANN

100
K/ %
B2 MiXEIR SVM A ANNTE: +1 ~t + 7 d I BEFRIRE
8000 8000 __ 8000
T £ £
. 6000 £ 6000 * 6000
= = &
4000 4000 ~ 4000
g I I
52 2000 %2 2000 %2 2000
B b B A g i e P! i
0 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
5 1) / d IR 1)/ d IRy i) / d
_ 8000[ 14 __ 8000 ~ 8000
E>) S >
6000 6000 * 6000
g £ =
—_ 4000 4000 — 4000
L] i) b
%2 2000 #2000 %8 2000
o il 0 o - O
0" 100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
I/ d I 1)/ d IS 1) / d
~ 80007 147
o
6000 o
= —9:{ —=-SVM —&~ANN
~ 4000
g
£ 2000

0 100 200 300 400 500 600 700 800
I i)/ d
3

KB SVM F1IANN FE ¢ + 1 ~ ¢ + 7 d IFNRR 5 ZNER



G521

TS , 55 T SRR AL(SVM) B ABEE LIRS/ g i H K — FRimsBtie o2 31

MR A IR T 75 (18 3) , SVM. il )
WA EE ANN U0 oy e {0 o i S, o ply T
SVM LG5 HA XU f5c /N A S5O0 45 2 BEA 24518 T 19 f
DUk, 2 T ANN 258 10 22 e e/ MBI, 75 21 Y
SE AR R A, AN R B fie /N o, i B T ANN 5
VPG R G I S I ] A

Nayak %5 £l FHECHE SR SR8 ANFIS 508 1ff
AT A T I, A2 HE B 0 {000 4% 2 K B 1
O, FEE A P — A, O SR H R
K AR A R R R A T — o XA
17, AT REAY IR R A A AT X R K S £ 2L 0
~5 mm (KR MR A 2 — R K RS B
2 — AL BS54 KR 1 0 {6, 1 R 0 {E Y
PRSI IE AT i R ) 5 M 3058 Y0 e L PO A DL 285
RERGRE , (S 75 Sy Hh AT ADL(E T S92 00 {15 22 ¢
PANUN RV

A B 73 5 AR B P 5 4 L 1% 22 50 A A St
WA 3 A5 1 EE e A 1 I R SVML R ANN
ABEINACIR . 45, Bt P00 it [l A9 3 i, SVM
I ANN BERITEAR AR 7 d AR I T RS R 10 5 7
i, {5 SVM 1 ANN 7E ¢ + 7 d (O F0 a8 55 14w
FRPRERE . 340, SVM I ANN 76 42 I U6 1 350 /3 12 22
R HRASBEAR - OB AU gt e (L MURE AN A2 3 1 471
PR R AR M T L R 22 R Z A, SVM A
ANN A SDL{EL RS 00 (L 2 B A B2 1) 4006 2808
SVRTIT R, SVM BERUAE H K — AR T AR b A 45 2R
DT ANN AR

4 % i

SVM F1 ANN 7E 12 it AR {8 58 40 B4 45 R AR 4f
(AR UL A 0L 25 R 22 AP AR KR 22 . At
SVM Fil ANN A AU S47 ] 3= FEAT 1 3 HE 58 18 i 8
H AR RO, BB FE v o (BR300 psf
[E] 38 Jm, SVM T ANN AR 28 1) T RS B 1) 522 R A
fkaF, SVM FI ANN 7E ¢ + 7 d A9 4 4 T 4%
KRG R . VAT, SVM AL T ANN BEARL, 35
B} SVM A5 7 7 HERE 1 It 3 A 4 (938 R %, vl DA
FTF R B ARG, 2 T 5 1 X K 7K S
TR ERAL T 5 00 J7 2 AL, 7R R BR 19 4544 T
AR AR T T A A7 88 T

{RSRASCHEST 1 H FEZK - 12 B A AT A A
WA B e K 3 A AR IR A N, I
ARSI FEU, SVML A5 7Y 2 HOKS R 5t ] BB
DR P YO0 46 TR A 2 ) S IR 5 e Ab , Fh PR 9 X N oK)

RS TR ) A, B T 12 X R AR 14 9 XK S
i, AR URRE IS AR AR R H AR R e
A 2R R, FORE H K AR TR A A i i A i
TH— A5 2 2 e R Y 224, LA
FLSHD S R A2 I ) AR AR, i g TOUIAG 2

S 30K

[1] Nayak P C,Sudheer K P,Rangan D M, et al. Short-term
flood forecasting with a neuro fuzzy model [ J ]. Water Re-
source Research,2005,41(4) .1 -16.

[2] #il, Zegkir, 1 [ 5. b KRR SCHUR IS PEA 5 i 2
[J]. Pdb Al ka4, 2000,28(6) 1203 -207.

[3] Wang Wenchuan, Chau K W, Cheng Chuantian, et al. A
comparison of performance of several artificial intelligence
methods for forecasting monthly discharge time series [ J].
Journal of Hydrology,2009,374(3 -4) :294 —306.

(4] 5K2252, P 1, fRodss, 45 BT SCRp i AL 41
ARSI ()] 1 R IX BT S #R5E,2013,
27(7):113 —118.

[5] BE/Ri, PR E A, W AGR , S5, Ut T 5= DX P Bdi 90 3 Ja o
A AL A R ot A AL A AR [T ] b [ R (D
%) ,1999,29(7Z1) :47 - 54.

[6] BERAE, Ehalr, B 2, 55, HR AL i ik SWAT A2 A
TR LT KFE P GK TR, 2011,22(4) 161 - 65.

[7] 2R A, B IRbk, 225707, SWAT BERITE R 1178 1L DX i
HILIT KRB SR TR, 2013,24(3) 146 —49.

(8] T s, ThE =, T BEME, 45 20 A1 2K SO EasyDHM
TSGR AR R AU P A B [T ] 7K B 57K T
4R ,2014,25(4) .20 -23.

(91 BRA=Th, ez, sk P BT/ N2 Fl GRNN ft 22 k4
ZE A R L AR AR [T ] P [E b, 2001 ,21 (Z1) -
12 - 16.

[10] Lance E B,Donna M R,Paul R B, et al. Advances in un-
gauged streamflow prediction using artificial neural network
[J],Journal of Hydrology,2010,386(1 —4) ;27 —37.

[11] Maheswaran R,Khosa R. Wavelet — Volterra coupled mod-
el for monthly stream flow forecasting[ J]. Journal of Hy-
drology,2012,450/451 ;320 —335.

[12] Kisi O, Shiri J, Tombul M. Modeling rainfall — runoff
process using soft computing techniques[ J |. Computer &
Geosciences,2013,51 108 - 117.

[13] PRI, 285 | BRIS 2. 35T % 15 ) REBL AW Y — 12
FHMBEE[J]. K3C,2009,29(1) : 13 - 16.

[14] Lin Gwofong, Chen Guorong, Huang Peiyu, et al. Support
vector machine — based models for hourly reservoir inflow
forecasting during typhoon — warning periods[ J ]. Journal
of Hydrology,2009,372(1 -4) :17 -29.

(T#%39 1)



G2

A 5 RGN T IEAUKBHR RSP RS U A U 39

Sciences,2012,13 ;1383 — 1394.

[32] Garnier J, Nemery J, Billen G, et al. Nutrient dynamics
and control of eutrophication in the Marne River system:
modeling the role of exchangeable phosphorus [J]. Jour-
nal of Hydrology,2005,304(1 —4) :397 -412.

[33] Wang Shuo, Xu Ling, Yang Fenglin, et al. Assessment of
water ecological carrying capacity under the two policies
in Tieling City on the basis of the integrated system dy-
namics model [ J]. Science of The Total Environment,
2014,472:1070 — 1081.

[34] Garrido L,Sanchez O, Ferrera I, et al. Dynamics of micro-
bial diversity profiles in waters of different qualities. Ap-
proximation to an ecological quality indicator [ J]. Sci-
ence of The Total Environment, 2014 ,468/469 ;1154 —
1161.

[35] Gu Kangkang, Liu Jingshuang, Wang Yang. Analysis and
prediction of ecological carrying capacity in mining cities
of central Liaoning by system dynamics approach [ ] ].
Progress in Geography,2009,28(6) ;870 —876.

[36] Davis A M, Thorburn P J,Lewis S E, et al. Environmental
impacts of irrigated sugarcane production: Herbicide run-
off dynamics from farms and associated drainage systems
[J]. Agriculture,Ecosystems & Environment,2013,180;
123 —135.

[37] Tan Yayi,Wang Xuan. An early warning system of water
shortage in basins based on SD model [ J]. Procedia En-
vironmental Sciences,2010,2:399 —406.

[38] Xifsiz, Bk, gt 0], 46, T RAESNHFIHEE
AR —— A=V E ) (1], N A
2, 2002,13(12) ;1610 - 1614.

[39] Du Jing,Li Binghua, Xu Ling,et al. A multi-objective sys-
tem dynamic model for urban ecological water demand
simulation; a case study of Dalian city,China [ C]//. In-
ternational Conference on Energy and Environmental Sci-
ence,2011.

[40] BT, HIEH. WIEFRIE(FIF) RS RGEM S M H
RGN AR [J]. ARSI, 2012,27(7)
1176 - 1185.

[41] Zhang Z,Lu W X,Zhao Y, et al. Development tendency a-
nalysis and evaluation of the water ecological carrying ca-
pacity in the Siping area of Jilin Province in China based
on system dynamics and analytic hierarchy process [ J].
Ecological Modelling,2014,275.9 - 21.

[42] Xu Yi,Sun Caizhi. Simulation of water resources carrying
capacity based on a system dynamic model in Dalian
[J]. Journal of Safety and Environment,2008,8(6) .71
-74.

R e e e e e e e e e e e e e A U U

(B85 31 1)

[15] Guo Jun,Zhou Jianzhong, Qin Hui, et al. Monthly stream-
flow forecasting based on improved support vector machine
model [ J ]. Expert Systems with Applications, 2011, 38
(10) ;13073 - 13081.

[16] W3 B 2. BE T Bl it Al 25 1) H A4 Dt LA SCF 1] B ML A 428
T[T ], KB 5K T %412, 2013,24(4) :210 -
216.

[17] trrb R, WE7AORE , R R, TR 28 190 2% 5 12 A A28 Uit T
e R vk 4 ,2000,22(4) :372 - 375.

[18] He Zhibin, Wen Xiaohu, Liu Hu, et al. A comparative
study of artificial neural network, adaptive neuro — fuzzy
inference system and support vector machine for forecas-
ting river flow in the semiarid mountain region[ J ]. Journal
of Hydrology, 2014,509:379 - 386.

[19] Vapnik V N. The nature of statistical learning theory[ M ].
New York: Springer,1999.

[20] Chang Chihchung, Lin Chihjen. LIBSVM: a Library for

support vector machines[ J]. ACM Transactions on Intelli-

gent Systems and Technology,2011,2(3) .1 -27.

[21] Bowden G J,Dandy G C,Maier H R. Input determination
for neural network models in water resource applications.
Part 1 — Background and methodology[ J]. Journal of Hy-
drology,2005,301(1 —-4) .75 -92.

[22] sRAZAS, BRSO A0k, 2. AR L 380 /Nt Sl e /K
AIE S AR A R e [T ] k)11 £, 2008,30(5) 776
-1782.

[23] Lin Gwofong, Chen Guorong, Wu Mingchang, et al. Effec-
tive forecasting of hourly typhoon rainfall using support
vector machines [ J ]. Water Resources Research, 2009,
45.1 -11.

[24] rhe NRSLFNE K FIER. SL250 2000 7K SC1 i 4
FYELS]. b5t K F K H Rk, 2000.

[25] Shu C,Ouarda T B M J. Regional flood frequency analysis
at ungauged sites using the adaptive neural — fuzzy infer-
ence system [ J ]. Journal of Hydrology, 2008, 349 (1 -
2):31 -43.



