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Prediction of daily runoff in a small watershed based on improved
neural network and support vector machine (SVM)

MA Lekuan', QIU Yu’, ZHAO Yue', LI Xue’, WANG Yugiu’

(1. Chinese Academy for Environmental Planning ,Minisiry of Environmental Protection, Beijing 100012, China ;
2. College of Environmental Science and Engineering, Nankai University, Tianjin 300350, China ;
3. Tianjin Key Laboratory of Water Resources and Environment, Tianjin Normal University, Tianjin 300387, China)

Abstract; Data — driven hydrological model can realize the accurate prediction for daily runoff in small
watershed with less data types without considering the complex physical processes. Based on daily runoff
monitoring data from Yuetan hydrological monitoring sites , in Huangshan of Anhui Province from 2009 to
2012 ,the paper built particle swarm optimization algorithm improved neural network (PSO — BPNN) and
support vector machine (PSO — SVM) model. By comparing the results from different types of model, it
discovered that both of the two models have good fitted ability and generalization ability, and PSO — SVM
model based on three — day runoff data has the best simulation results and it can be used to predict daily
runoff of Yuetan Basin and realize the rational allocation of water resources in the basin as well as the ear-
ly prevention of related disasters.

Key words: daily runoff; neural network; support vector machine; particle swarm optimization; predic-

tion of daily runoff

A2 A SR TN X T 7K B U5 B A R
EHAA T EEAE X, R K SCH ST
HELH A A o AT ORI B 2 AR I I O
U, BT LA WIS, 2T B A iR K SO K
BRI — R UL, 5 T PRI i A R

Yfs B HA:2016-04-13; {&[E HEA.2016- 06- 14
E&UIH . REIM R A 5410 H (52XB1517)

TR A 1 A A N 2 T 2R B K,
R P W RS0V A 2 50k o STl (] ) AR5
F BAG RN 2836, % T 508 3 URh 2 B B 1
1B = BRI — 2 s BRI Y TR R B
PR % 10T 2 ) B K SC R 3 5 425 4 R dE >

PEZERI N BARTE(1979-) I3 FPRN RIWFSE 5, 1t N A 250K S KPR AL) 5 A BT o
BIEE : EERK(1965-) , 5, BITLSFFFIR RN, B8, 12 S0, 22 AR SRS A BEER 3 -5 BOR SR T SOk

Ho PR B SF IS



24 bi i IS S I 2016 4E
5] B P A O R S BAS AL e e B AR UL, A R B [ B (e S T A ) S 2k R B e R, R e — )1 45
T BRI i FH F AR I 1 0 vE A T A A B (x, ), (%, v),, (x5, ¥, (x,,

E O ARRIBTSY . BRI LR 2 BB IR
FHTEE AL A TR 2 W 4% (ANN) 5 37 45 1) 5 HL
(SVM) P4 558 2 b7 5 T R L, 33 W RO v i
1 Ak P 2% ) B33 1) 282 7 o A 1) T 2 e A O O
I BA R HZ ALRE S, Nourani 20V R £ 5T
NP R 2 B D7 ST TR - AR I E 2R Y
4, Taormina 2500 ) A T4 28 0 265 1) 7 v 3 T
ZINFRF B )R8 6T Ml R K A7 AT T AL, W 25 R
Y S 3 i e [ DS WL 3 o] K A7 8 A AT T
T, 45 5220 ANN Fl SVM 75 2 29T L S2 8K S
R B AR L. (PR A S B P R B, O 45 i
ANN F1 SVM J7 78 S 5000 2 o A vh HLA — 52 1 &
LA FIBE AL , VT A T 1A T 00 285 R i 2 T AN
DRI S A BFF 2 48043 500 R TR ER AL 32 ( PSO) gk
ANN Jz SVM J5 3000 &1 %22 #0080 BT
H AR U e (0 TN , 38 5 0 445 R e 4 A oy 2 )
B R P
1 Wik
1.1 ATHEm%

UTAEA N T4 22 9 4% (ANN) )32 1 FH T i
22 AT TR 2R F) A R A AR A , AT X T A e ) At
B AT, 7 ) P 24 2R R0 o A SR ], Herb 22 2 2 1)
4% ¥ 22 W 4% (BPNN) J2& i F B £ (9 B X 2
L= g g BPNN A5 AR s 2 S
J2 2G5, o A2 2T B e A
B AR A B 2 T R A 3 A SRy i 1 A
SRTER R o AR A B e ST Bk, A
A AR A5 ) 5 IE A0 A0 0 B 4 AR ()
B ) 22 ) AF AR AR 22 I, IO 46 4 3k 3 1 984 L
15 22 068/ N B 7 T4 3 O B T 5 508 0, 28 &2
WG IG5, e A5 5 15 S B 5 25 e/ 1T 2
Il T 2 S5 A R A A R X T B
AR RN, 58 AR T2 LA T I B T A
] RERS R4S A B I A SR 3 fre /M, DR e A
TR FRE T RO AL B LR A SR I ol i 00 2% 45
ey, B AT S B B 4 SRR E
1.2 Z#EEEN

SRR ML (SVM) B vk T4 i 52 B 3 g i R
5143 5 P T 5 43 26 K [l 5 3 2 SVM 22—
PTGt 2 >0 FAE (0 8008 1248 07 1, HLJR Bl 5
e — i JE SR A F5 U0 T T, 7 A TE 2 2R B £

o), Fer g SRR A Ry, 5 Z AR R A SRR
DEL , n ARFRFEA R, DU S 455 1) o [l A LA 7 R I
An=(1) Fos:

S(x) = (w,x) +b (D
s w A SHERBANR AR [ 55 0 NIRIEIN, By
AR 77 R A G 5 5 AU s AL & IR
FRHEM/MEATR], BIns(2) s

min( 5[l * + €3 (€ +£0)) (2)
v~ (ww) ~b< s+
WRARFZM (w,x,) +b -y, <e+& (3)

&8 =0
i =1, 2, 05 & FIE TRINARIAS S 1Y b
FRAFBR 5 COAAETTIN 1, 3@ i 45 € n] DL AT A
W Zkir2E 52 ALRE T Z (A5 2P, i (6 — B b 1
I B il 2 (4) PR i iz

n

flx) = Z(Qi - o )K(x,x,) +b (4)

S o Ml e RO H PR R G K-
Sty TR S e O B A

Y (o -a’) =0
4RI ) < o < ¢ (5)

0<o =C
ATLATH A 3 o Ml , HETTAA 2E 01051 D7 2 1) R 00
W, K( ) s (a2 o Fe vb i A% pR 8k, A
JURRAN[R] (R 7 T R e 45 e 5 Sy ) 6 [l ) AL i
WIRE T B 280 2T RN O B R B D) S
PRI P R B B S AT T 2 25 1N IS
JIR | VEPEAR 1) ik pR B R B R B (20 6)

K(x,x;) = exp(—W) (6)

L K(+) BRI IEREG ¢ MM BRI S
B H A ) B pR A T KBRS ¢ B R DR E
RUTGTIN GE 1) P 2 — o Ry 1 S 300 T
R iR 22 , AR HDRE 3 SO0 58 2 0 0 Bl
MRS C RA% RS e
1.3 #FEINEX

¥i T BE S (PSO) J& Eberhart I Kennedy 7F
1995 442 1) — ML AL 3%, 8 PSO by, f ANk 1
AR BEALG T — DRI B, T — I 2
DU AR R Y A A A DR B 7 5 DL R B 3l g 1)



4551

THIRYE , S5 TR PR RIS L5 S RF 1T ALK R H AR e BT 52 25

IR E RSE R . RN Rl b, B — A kT
A EAR L IB W b — U B RS, 1E
Pres o T REA AT 7 10 WTE AL oy, FUHGI IR 1 B
ALE g4, FEFIPRAE o RS A AEECE R D LT
Ok n 5 1 AR ROALE AT DU ) & X (020,00,
%) BN EENHE RN R 0, = (0,05, ,0,) , UHE
AR AT AR (T o

v, (k+1) = wvy, (k) +crand * [pu — %, (k) ] +
cyrand * [ g0 — %0 (K) ]
2,0k +1) =x,(k) +v,(k+1)
(7)

b EFE + 1 Rk ARREG o WE BT ¢, HA
JRR -, Y R A rand S [0,1] Z [E] 4 B AL
B o S BT Y R A7 I b — B 20 R e
e 7. PSO W] UAE Ry T 7 i 45 4 v H )
BPNN F1 SVM v, 3@ 2 7155035 I pR B00OR o i fE 2

B, = (8) firw
flx;) = z[tk - pi(x) ] (8)

k=1

e fO) & N R EE s S NGRS B8 ¢
SEERULIAE ; p, I PNME 75 PSO — BPNN 1, ,
A= SR Z Z TR LR = S )= =2 TR Y i
PACE R, 75 PSO - SVM H v, W ARSI 5~ C LK
PRl SR RO P ISR e, ARy 2 H AR 14
FB)— SRR LAAS B Fc il 1 T 25

2 paXip

AT B P2 A B LT 0 ) A S Y
DX 35, 12 3k kB e VL Sk i 3 43, Tk AR Sy
950 km’ , 7 VELIL B W 03k 0 T AR 1 (T
1 ) [14] .

)

A KR
km —

<1
“1

8 16 24 32 it 4 1E
| REREGCERER
P Xy SR I A 2 R, AR
2970 16°C , B 7 ey Tl Al 3k 37°C, e fiv <l —

e EAE 12 A1 A2 AL Z g2, FER L
BWEZ, FEENES -8 H, 2PN EA
1762 mm, 7€ % &5 677.5 mm' ") WFFEHL4 5 F)
HEG#E ) BPNN 5 SVM 47 H TR 8 H A2 i i 1Y
TOUI , TP 000 45 S b A A AR A . R ECH
TR 7K 33k 25 2009 — 2012 4F 1) H it i W W0 25040 Ay
T4, HeA 5 1 461 KA at it , b Bi 2
BRI HT B L T 2009 - 2010 A9 %54 ¢ hi, 2011 -
2012 AFR9 5 T T BRI

X 8B AN B AE e TR e A B K
T PEA I B AHDC o B (PACE ) X6 3 2 i B 73R
Slo AR OG4BT 3228 B R S B S i 7 91 5 22 i —
JEAN AR R, RIBEMLAIER T x (e - 1), x (1 -2),
o, x(e =k + 1) Ak -1 AR RNTIZ )G,
x(t = k) X (o) SEMAIAHCRR B o H AR i ks 19
T EAHDC /T a5 R AN 2 Jz ety 1 d #13 d it
XTQ(t) HISZMA R A 2, PR e R i — K A I e 4
A J i ABHE , A Q(e=3), Q(1-2), Q1 -
1) FOR B E N B b A 5 T = AR RDE
B AEHE(1)Q(e=-3), Q(1-2), Q(1-1),(2)Q(¢
=3), Q(t-1),(3)Q(¢t - 1) #4755 RIW HAR &
T HEATAE R L AEBAE AL L AR rh, X
BT T (9) FrR X £ AR , Shanker 55 A Ay
5T 3R W 2ok 728 4 ) B5CH I AE 3R A7 X 48 U ) o R v
5y iR BNSCIRAS , N 2R Rt 3 B i B s S A

q = log,,(Q + a) (9)
e g WEBUG TR EWE, m*/s; Q R SLhRif
WEIEE ,m®/s5 o AT W B, URIEXHECH) R EL
AR O FEARMFE T o HUE R 1,

Lor . R
w 0T — ®fEW
& 0.6 - So- B
2 ooat
=
@I 02 -
€ 0.0
02%=1 2 3 4 5 6 7 8 9 10

GEIR W)/ d
B2 HERERBEEXSINE
ABIFSE 32 ERE T TN 45 S5 S0 B 18] A A5G
AR R) VLK IR R 22 (RMSE)  HCBAB R U
& Lz ARE S b R BTSSR =N (10) s

Z (Qiu _070)(01',; _QT)
R = i=1

(10)

3 (0, - @)2; (Q, -0,)°



26 bi i IS ) S I

2016 4¢

IR iR 2E RMSE (A= (11) iR

RMSE = \/12 (0., -0,)° (11)
s n JREAS B Q, WS AR (K SE BRI 5
0, 9 n ASVEEARITIIE; 0, NE i MREAIT
ME; Q, A n A TUMBHR TR S TS5 5 5 5
MBI SE WA %I 2 R = 1,RMSE = 0,

H T AT =R 2 B AR PR I 4 2
SEH R 2 TEAN B Bk 1,23 (1) BPNN, % i
2R 2T B  , BIAE ¢ dB R
IR 2% (9 ) AU R PSO 7 26 R0 , B & 2 Y
T2 TEANEOR B A AR 5, S B AL
IRESI A =00 38 1 0 A BOHE 56 B0 5« R
7 BB BRI DR L B A% B B B 2 R
F PSO 7 F-04551,

3 iS5

FIH PSO AR5 3% etk J5 19 BPNN LA K SVM
P R RAMETA PR A B4R 5, (U2 A 2 10 45 RAR R AT
FEATGAE N, AR 37258 IR T38RI
GRBERENL 2 10 1y JFAE TS Hrb 9 DA I 2k
B, 1 AR R SR e A A R A 2 sl ks 10

UCIEE SR BEAT R AN 3 PSR ) TS B2 . 2
FA R ARG PSO — BPNN K PSO - SVM 7£1)l|
Rl BOMIBIERT B RO S5 R AN 1 Fros, il LAA
BAEP A B BEAY LR A 8L, £E PSO — BPNN
H, G A B A, AR 2 on A B e 1,
2,3 W, TR R 22 TR S I B AT R G A5
USSR, AL Qe - 1) MR AR A IR
GRS T HAL P A AJE A (BT Q(r - 3),
Qe = 1) A Q(t=3),0(t =2),Q(¢ - 1) AYELILE
RARFARIT, O E UGS

£ PSO — SVM w1, Joig Il 2k By B ik J2: 56 ik B
B, LA = K38 2 i i B0 1 O i A R0dfs i) B4l 25
RS, ARG — K 2 R A S i A R0 oy
MR 2

LR T R O 1% B TN 45 2, B ORI AH G &R
W K/ N B T ARER ZZE I BAELL Q (2 - 3) ,0(¢
=2),00t = 1) Yo A%die i PSO - SVM A7
IR P T T = K 3% 252 3 B %08 O M PSO - SVM
J7 T F AR AR A RSO A, AR SR A
B eh YRR Be 5 ik iy BEA PR Se TR A 22 AR DN,
UESE T AT HAT B iz AL RE T, BRI B B
A AT 21 ) Z BT LA B0 A A [T s 1] B A

=
HAS & o

% 1 BPNN K SVM ZEill Ry BRFNIEAE B BR B9 45 SR L 3%

PSO - BPNN PSO - SVM
i N B Yk Bk yIES HIE
R RMSE R RMSE R RMSE R RMSE
Q(t-3),0(t-2),0(t—1) 0.885 0.239 0. 889 0. 233 0. 904 0.220 0. 897 0.225
Q(t-3),0(t-1) 0. 885 0. 240 0.883 0.239 0. 893 0.233 0. 886 0.241
Q(t-1) 0.876 0.248 0.893 0.230 0.872 0.253 0. 889 0.240

X PRSI A R AR TN 5 07 A T PPN B[R] B, 3
o 2 MR AL E X g e/ INHSF [ 1) P T 208 2R
& 3 FE 4 4351378 PSO — SVM #£ 71 PSO — BPNN
BARULE SR B Bost F Tl i R H AR T i T RLCR
A PR R N B B ELA A v A T B T AE
DRI T BURAG IS . 78 727 d A i
AN, PSO — SVM #8245 R A 26% 1 Tt 15 22 1%
T 10% ,7% @) T 2% /5 T 100% , PSO — BPNN 7
RUREE R A 22% R0 R 228 T 10% ,7 % 1Y Tl
BRZEET 100% , iR 22 BRI i EEH Tk F)
T Y H O, 3 A T 0 25 R AR, BEPA R
T 75V AT AN RRAR S 0% A Dk et D (R £V B ) J, 5 A
A JE BBIESE th 45 5 HAD Jy i i — D Al E A . B

PRI, PSO — SVM AIRY g 0TI A < i - PSO —
BPNN R, 132 22 73 A AR P32, 30008 B kAT ¥
VLA H AR i RO A T ST

900 r svM&E 4§ —— T

HAz W&/ (m®«s")

1 101 201 301 401 501 601 701
N ]/ d

B3 2011-01 -2012-12 BIERFEE PSO - SVM J53%H9
FlE S SEE L



TLIRYE , 45 TR R NS 15 SR IT EHLIR R H AR 00 e B 52 27

900 [ BPNN#: 4t A HUNE  —o— kil

m

H&ZR®RE/ (m’ s

600

300

1 101 201 301 401 501 601 701
I ) / d

4 201101 -2012-12 BE B EE PSO - BPNN Fi%H
E 5 LM bE &

4 4

ABFSE T H S 2009 - 2012 4F ) H A2 3
B A B T BPNN J2 SVM 578k T 35
WU S ERR TINS5 5, A RL R PSO 553k
PEAFOEA , I 47 28 S0 JIF H v A5 80 2% L i)
SETE . 3l TN 2R84 (2009 - 2010 ) i 56 ik £
P5 (2011 —2012) FEATAE A 25 IR e8¢, K PR A i
TERA B B i fR A I 0 25 57, R B ey
MG Bz ARE T o ol 2 = R e i1k
iy AEE Y PSO — SVM A5 78 (#5240 K 101 DK B 15
T HAWRRY , R A RMSE 25 B34 Al , 7T LA
& A R H AR A B R AL, E— 2 XA
TR 2250 AT HEAT 23 A1 & 3, 55 R0 6] 3 e W (L 17
TIOMRG L3 2% , TE T W 25 2 1 AR R, i
AR IR ZE . L E SR PSO — SVM AR AL 0] ) ok
/NI 9 B AR A, (B AR G h
FEHE— 2P AR, S AR TR o I 0 (A ) T
R RE 38 0 MR A AR T S 4L, S B N T e kA
R 7 S 3 T LA B K B VR A AR A Bt

B3 3Rk :

(1] BR%E4E, WR55 . SWAT A5 #1 (14 7K 5 P iy K H 78 482 B il
AR HILT ] JE st Rz 2 4 ( A ZARE#A R ,2004,40
(2) :265 -270.

[2] EWesE, T4, BRbeZ:. 6T HSPF BB ZR VLA +
HuF AR AT A2 i S A RS ()] WK 2240, 2014,
33(2) :58 - 63.

[3] He Zhibin, Wen Xiaohu, Liu Hu, et al. A comparative

study of artificial neural network, adaptive neuro fuzzy in-
ference system and support vector machine for forecasting
river flow in the semiarid mountain region[ J ]. Journal of
Hydrology, 2014, 509(529) :379 -386.

(4] ShAnds, Bukie. HeT /N 3 AT (4 SCH o] e LA It T
RS RS [T ] HEBEHE K 2241, 2008,27(3) 79 - 81.

[5] Nourani V, Komasi M, Mano A. A multivariate ANN —
wavelet approach for rainfall — runoff modeling[ J]. Water
resources management, 2009, 23(14) .2877 —2894.

[6] Taormina R, Chau K W, Sethi R. Artificial neural network
simulation of hourly groundwater levels in a coastal aquifer
system of the Venice lagoon[ J]. Engineering Applications
of Artificial Intelligence, 2012, 25(8) ;1670 - 1676.

[7] Wu C L, Chau KW, Li Y S. River stage prediction based
on a distributed support vector regression [ J]. Journal of
Hydrology ,2008 ,358(1) :96 - 111.

[8] Chau K W. Particle swarm optimization training algorithm
for ANNs in stage prediction of Shing Mun River[ J]. Jour-
nal of Hydrology,2006, 329(3) .363 —367.

[9] Lin Shihwei, Ying Kuoching, Chen Shihchieh, et al. Parti-
cle swarm optimization for parameter determination and fea-
ture selection of support vector machines [ J]. Expert Sys-
tems with Applications, 2008, 35(4) .1817 - 1824.

[10] xR,k aF, 4% #%, 55 55T BP M2 (9 2% i1 86 FH 8

IKABAAUN T ] AT S 5% 5 #R05,2015,24(2) 1233
- 240.

[11] Goh A T C. Back - propagation neural networks for mod-
eling complex systems[ J|. Artificial Intelligence in Engi-
neering, 1995, 9(3) :143 - 151.

[12] Dixon B, Candade N. Multispectral landuse classification
using neural networks and support vector machines: one or
the other, or both? [ J]. International Journal of Remote
Sensing, 2008, 29(4) .1185 - 1206.

[13] YuP S, Chen ST, Chang I F. Support vector regression
for real — time flood stage forecasting[ J]. Journal of Hy-
drology, 2006, 328(3) .704 - 716.

[14] ¥, B8R, Vw5 i IR S8 e R i
e——LLAE R 01 [T ] WA 2%, 2011,23 (4)
626 - 634.

[15] 2= 55,805 05, BRAe e, 55 SO X I H bR is Je ) 25 (]
WA LI ] b E PR B R, 2013,33 (9) : 1714 -
1720.



