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R 1 SVR-2~SVR-10 REIWREBXSH
Tab.1 Optimal parameters of SVR-2 ~ SVR-10 models

B SVR-2 SVR-3 SVR-4 SVR-5 SVR-6
KA 1) 8 A/10 A 8—10 A 7—10 H 6—10 A 5—10 H
TESIE T ¢ 0.9330 0.307 8 0.3299 16 1.414 2
A e~ 64 4 2.143 6 0.353 6 0.3536
NS 0.1 0.1 0.01 0.01 0.01
e SVR-7 SVR-8 SVR-9 SVR-10
A 1) 4—10 H 1 H/4—10 A 2—10 1—10 A
ETHEF ¢ 1.4142 8 4 4
RS ¢ 0.25 0.25 0.25 0.25
NPURFE & 0.001 0.001 0.001 0.01

&2 SVR-2~SVR-10 HEx £ Bk FEFRBE RBMUHEIHRE
Tab.2  Annual runoff fittings of Longtan station given by SVR-2 ~ SVR-10 models and their relative forecast errors %

B A SVR-2 SVR-3 SVR-4 SVR-5 SVR-6
. SR B 25 4 X 10. 50 8.11 4.71 2.24 2.81
VAER
F KA 1 22 4 XHE 25.83 25.71 18.50 9.53 9.98
. ST SAAH G 15 2 A KHE 5.42 5.31 4.16 3.22 3.36
(L TLE N e
e AR X 1 2 446 X 12.01 15.72 8.57 10.16 9.55
A SVR-7 SVR-8 SVR-9 SVR-10
s S-SR R 25 4 XL 2.04 0.82 1.04 1.64
YILFEAR o -
F KA 1 22 4 XHE 8.10 8.57 8.12 9.26
. SRR 25 4 X 3.37 2.77 2.70 2.68
[OLTLE N o .
B R 1 22 4 XHE 7.05 7.27 7.02 7.89
30 + SVR-10 T T T T T T T T
SRS | ARSI 1952~ 20059 (B 2 S RIIGRA, 1 12 FRRBHA)
201 —3vRe : \ .
-+-3VR4 ‘ P
_:_ VR-2 3 . A * I’\
§ 10 X VR-1 ./r\ ey T; ’/, \'\ . ;‘\\ |
ﬁ Y A § s
ﬁ 0 6 ® WY + /, /¢ ¢
= I 4 A AR \/.’\\‘9’ /
2 N Ay o °
BF-10 o PV RV .
' W
20(- . e Lo .
* * " 2 H *\ y'
i Yo
-30 L 1 L L
0 5 10 15 20 25 30 35 40 45 50 55
i) /a

Bl1  SVR-2 ~SVR-10 BRI il AR AR AU 15 B AU A X i 22
Fig.1 Annual runoff fittings of Longtan station given by SVR-2 ~ SVR-10 models and their relative errors of forecast values

ASCHEE T TG BE Sz AL e 175 18 e AL B AR 1 SVR-4 ~ SVR-10 #EAUfE Sl SA-SVR Al
WA-SVR HERIEE B (14 A AR
2.3 WA-SVR AN EHIHE KTl 25 R

FIIH SVR-4 ~ SVR-10 AT IR J5 12 AF A48 3 TH0I0 114 - 247 4 X 158 25 46 XA 1 7 45 B B, 25 5% 00
5124 0. 1068 ,0. 1380,0. 1323 ,0. 1319,0. 1605,0. 1646 F10. 1659,

FIIFH SA Fl WA PIRNEE BT 70 Tk HA B4 AU 35 SR 19 SVR -4 ~ SVR-10 BRI HEF 725 5 82 A%, A
SA-SVR Fl WA-SVR AU e E 5 12 ARt B0, #2555 SVR-8 ~ SVR-10 MMABL AL 17 H
BLERNE 3 KE 2,
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R3  RIED 1994—2005 & SA-SVR #1 WA-SVR BEZ R HMEE R L8R
Tab.3 Runoff forecast results given by SA-SVR and WA-SVR models from 1994 to 2005 and their comparison (m’ -s™")

P A SA-SVR A WA-SVR A SVR10 A SVR9 A SVR8
WMME MXHRZE, % BOE AXTIR2E, % WU AR % WINE xR % BUNME HXHRZE, %
1994  30.0 30.01 -0.01 29.96 0.15 29.74 0.86 29.29 2.37 29.80 2.74
1995  25.1 25.08 0.08 25.12 -0.06 25.47 1.49 25.50 1.61 24.68 0.76
1996  26.8 26.46 1.28 26.44 1.33 26.12 2.53 26.04 2.85 26.61 1.38
1997  29.8 30.50 -2.37 30.45 -2.16 30.45 2.17 30.02 0.72 29.96 1.19
1998  25.7 25.49 0.81 25.54 0.62 25.89 0.75 25.65 0.21 25.73 0.56
1999  21.6 20.23 6.34 20.20 6.47 19.90 7.89 20.08 7.02 20.37 6.71
2000  21.3 21.29 0.04 21.37 -0.32 21.69 1.82 21.92 2.89 21.85 2.54
2001  29.9 29.35 1.84 29.3] 1.98 28.93 3.23 28.74 3.87 29.01 4.81
2002 30.0 29.82 0.59 29.88 0.41 30.13 0.43 30.09 0.30 30.57 0.08
2003 22.3 21.02 5.76 21.09 5.41 21.46 3.75 21.92 1.72 21.29 2.12
2004  18.9 18.94 -0.19 18.99 -0.48 19.01 0.61 19.40 2.65 20.05 3.03
2005  17.4 17.66 -1.49 17.77 -2.11 18.57 6.70 18.47 6.18 18.61 7.27
i;ﬁ;ii% 1.73 1.79 2.68 2.70 2.77
%é;ﬁ;”‘:f 6.34 6.47 7.89 7.02 7.27

B R 1952—2005 6 (BT 2 FANGHAR, B 12 FAREHAR) B EE1952—2005 £ (RT 42 F il gRA A B 12 AIRIRHAE)

HIE=~ . !

S5 = S s | IS0 . i ]
% sof | SR g Ol . I
Eas l{ \ paxt W w Ak |
~ 2 i -
5 Ny\/\ \ = o ARG A A RY
\w Li E R Yo A - Ak : o H \’
i PS5 S ralilgils
R ARV AW W |

20 Ny L/ Y, Yy -6 : ! i\

15 ¢ ¥ -8 :

100 5I 10 15 20 25 30 3I5 40 45 S50 55 10 0 5 10 15 20 2IS 3I0 35 40 4I5 SIO 55

FfiE) /a AYiE) /a
(a) AEARDLA BB (b)  AEEEU LA BT b

2 SRS SVR-8 ~ SVR-10 AR RIAE AR #0045 K T e
Fig.2 Comparison between annual runoff fitting and forecast values given by integrated model and SVR-8 ~ SVR-10 models

M3 K& 2 Al L. (DSA-SVR Al WA-SVR AR R0 e 183 5 12 A AF42 38 A9 T S50 %o 15 22 446 X i 433l
H1.73% F11.79% , Fx RAAXT IR 224 W HE A3 591 1 6. 34% F1 6. 47% , ks BE Az AL e 1 405 T4 SVR Mk
TR | R B SCHE H 1) S A TR RN S W 2 P AR DR T2 A BT A7 1Y) B OB TR LA ToURS B 5 12 L g
158 DL B R @ R BB AR A . @i DA Ay, SOV S5 42 A ASE AR 30 o 27 3 TN 15 2 A /N 1 A AR A AR B R 119 A
T AENEAS 2 Lb i BAP-$4 4 R R O 4 (%) FUINORG B2 2 AL e g, (HA AR SE B F 25 ok & i TR Z A4S (7
AN A ARBER A THE L, SA-SVR AT ) T A5 R 2248 T WA-SVR A2 , 7 RFK Ik 54 F R TIUA
S AR IR AE-10% ~10% Z 6], 3] SA—-SVR WA -SVR LA} SVR-8 ~ SR—10 5] H A7 &5 4y
FIFLA S SR, Her SA-SVR Il WA-SVR 5 RIAH X 1R 22 ¥ 76 -8% ~ 8% =[], HAT o i A T AS 12
fhfie s BAa e ke .

3 % B

A

FT SVR JRHLHI NNE JeA BAR R Z 048w #0920 8 o AN R 4E 50 r0 SVR AR 42 i T
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R SR SA T WA PRI AE 157 2408 SA-SVR FIl WA-SVR B o Mok 5 12 AR AAEAR I EAT T, i
M2 5B, SA-SVR FlI WA-SVR AAYELAG 44 = 1) T00IORS B2 Rz AR RE 7, A SCHE LR W 05 T R Sk AH € T
RS % . — AT SVR JFHL R B 48 H R R [R) A s A ZEB50R 2 i 221> SVR A I 4 4 it 114 4
L TR AR R T3 3 A SR P H ke s AR SRS B R AL R T A S B R 2R I AR B ) R 2
JEE RE TSR] A 0000 (e 50, AR X T b oA Sy i — A s SR AR 4, RO SRR R sl B I B R AT
B, DASYIFRAS HAR A0 TSR

2 X X #.
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A regression support vector machine integrated model based on multivariate
combinations and its application

CUI Dong-wen
( Wenshan Water Bureaw, Yunnan Province, Wenshan 663000, China)

Abstract; In order to improve the accuracy of runoff forecast and generalization ability, a regression support vector
machine (SVR) integrated annual runoff forecasting model is developed based on multivariate combinations, and
the annual runoff forecasting of Longtan hydrologic station in Yunnan Province is taken as an example for the case
studies. First, the average monthly discharge from January to October is taken as predictor, and correlation
coefficients of the predictior and the average annual runoff are determined by a correlation analysis method. Then,
the predictor is sequentially selected, according to the correlation coefficients from the maximum to the minimum,
to develop nine SVR models for 2-D to 10-D input variables, and annual runoffs of next 12 years are forecasted by
the models. At last, the simple average (SA) and the weighted average (WA ) methods are applied to forecasting
comprehensive integration for seven SVR models with high accuracy. The analysis research results show that; Dthe
prediction accuracy of SVR model improves significantly with the increase of imput variables dimension; @) for
annual runoff predictions of next 12 years, the absolute average relative errors of SA-SVR and WA-SVR models are
1.73% and 1.79% , and the absolute maximum relative errors are 6.34% and 6.47% , which indicates that the
accuracy and generalization ability of the SA-SVR and WA-SVR models are better than that of other SVR models,
therefore SA-SVR model is better than WA-SVR model slightly.

Key words: runoff forecasting; integrated model; regression support vector machine (SVR); simple average

method ; weighted average method



