Fleot H3M (221 N | R S N 5 Vol.16 No.3
20184 6 A Soutlrto North Water Transfers and Water Science & Technology Jun. 2018

DOI: 10. 13476/ . cnki. nsbdgk. 2018. 0067

S 208, TR AR, M. S 1 B TR LA A AR 3R TR B AN i 2 A3 e 1] KB TR 5 KRR, 2018, 16(3) - 45 50.
LI'Y J,LIANGZM, TANG T T.Long term runoff forecasting based on SVR model and its uncertainty analysis| J| . Soutlr to-
North Water Transfers and Water Science & Technology,2018,16( 3) :45 50. (in Chinese)

AT A, B BR, JEaa

(VTR 22 AKOOK SR 22, B L 210098)

CMRAE BT B E v, 1981- 2008 432 A i & 5 1980- 2007 £ B 74 WIRHHE . AL AT RS . 500
hPa @ E 3 AR R, B IZ 5 [ VA Bk ik TR R 7, 3 @22 T A% 5 VR 0 SCRR & [ A HLEE 2 ( GA- SVR), JF Xf
2009- 2013 FFiF F AR A AT TR, 45 SRR 0, 42 TR B2 0w, WP BIAH R ZE1E 30% DLW, R VR R &
P MART R 22 AE 20% LAPY, SR T BENLAR MR 2 02k bk [BABEAL . B GA- SV R BLAL K TR 45 AR M R IR 1) 36
fitk, SR FH Do b7 B w () 2K SCAS B P AR B 25 ( H U P) o T30 R (¥ m) S P 33k 172375 45 R R WA, HUP A nl LASR AL
JE B v P AR TR, A g DL B X 0] 77 QA0 TR 1 PSSR N TR B .

s DU IRk K W A IR TOUHR; SRR I & [R1 VAR, 384% SR0v; DL vt J0 Ak 26 T4
: P338 ‘A : 1672 1683( 2018) 03 0045 06

Long term runoff forecasting based on SVR model and its uncertainty analysis
LI Yujie, LIANG Zhongmin, T ANG T iantian

( H ohai University, Collegeof Hydrology and Water Resources, N anjing 210098, China)
Abstract: In accordance with the Huangzhuang Station s monthly runoff from 1981 to 2008 and the correlativity from 1980 to
2007 among the 74 circulation indexes of each month, the monthly north pacific sea surface temperature field, and the 500 hPa
geopotential height, we used the stepwise regression method to select the forecast factors and built a GA-SVR Model (Genetic
Algorithm Support Vector Regression Model) on the basis of GA (Genetic Algorithm) ,in order to forecast the monthly runoff
from 2009 to 2013. The results showed that the accuracy of the runoff forecast was relatively high: the average relative error in
flood season was within 25% ; the yearly runoff amount was within 20% in noim flood season. It was superior to Random Forest
and Multiple Regression Model. With the forecast results of the GA-SVR Model as the basis of the probability forecast, we used
the H ydrologic U ncertainty Processor (HUP) of the Bayesian Theory to analyze the forecast reliability. T he outcome indicated
that HUP could not only give a constant value forecast with relatively high accuracy, but also quantify the forecast reliability in
the form of a confidence interval to provide more forecast information.
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Fig. 1 Flowchart of GA-SVR algorithm
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Tab. 1 T he runoff forecast factors of Huangzhuang Station
LG RR 13 TR PR - 50 9 (AT — 4F) 7 H B A T (AT —4F) IR TR PR U0 (R4
1 12 H PE T ) v AR s 5 H P8RV R SR 2R 11 A#%AZER
2 12 3w it R e T AR 4R 4R 6 J3 BRI 24 ) A it 4 4 7 AL R
3 3 F P A e B4R £ 8 A KPRl AL ot 7 AR KA AL S B A
4 5 A ALKV v Rl i 22 12 A R 5 13 AR AR R b (i B
5 6 F K74 B A i 2 6 K I ¥ XK XA 98 T A A 4 2 AR AL
6 5 A(7,24) AR 12 A(3,21) AR 12 A(6,27) s
7 7 H(6,34) st 12 H(7, 10) s 6 H( 14, 15) £
8 8 H(6,34) miiffi 11 H(6,25) siifgif 5 H (14, 15) £
9 2 H(3,1) mMilgiE 12 H(6,27) S 8 H (13, 10) sl
10 10 H(7,30) s 12 H(3,20) sifgiR 11 A (11, 33) s
11 3 H(18,55) 55 500 hPa 5 H(10, 134) 55 500 hPa 12 A(23,23) 5 500 hPa
12 7 A(16,22) /5 500 hPa 9 A(12,8) /5 500 hPa 6 A(2,17) 15 500 hPa
13 9 A(10, 125) £ 500 hPa 12 H(26,93) £ 500 hPa 6 F1(23,26) i 500 hPa
14 4 F(11,8) #1500 hPa 2 F(24, 141) £ 500 hPa 7 F(14,74) 55 500 hPa
15 4 H(5,59) 15 500 hPa 8 A(12,120) £ 500 hPa 6 A(7,142) 15 500 hPa

¥ Matlab fE AR R EIET &, ¥ 1980- 2007
TR H TR R R i AR, 1981 2008 4FiE H 44
WEAE N R, 2 GA-SVR AL, K 2008 -
2012 4 1% A Tk R 75 N\ Il 95 58 S GA-SVR B
Ak, X% 2009- 2013 32 AR a2 T ik . T4k
R B PPN T SR FH P AR R R ZE (M RE) 38 75 AR
WRZ(RM SE) M e RE(DC) , X HA(7T) -
A(9) . # T2 R 5 BEHLARM(RF) « £ 2t [l
JFA(MLR) &5 BAEXTL, it WK 2 2K 4, £ 28K

3 AR

2 1
Fig. 2 The training period and verification period

of January runoff at Huangzhuang Station

1 &1 Qisem— Qi
MRE= Z 7
Ni=1 QL%U“J ( )

KL KEIRE 47



£16 % &% 96 H - mAAEE AR FHE - 2018 4 6 A

3 7
Fig.3 The training period and verification period

of July runoff at Huangzhuang Station

4
Fig. 4 T he training period and verification period

of yearly runoff at Huangzhuang Station

2 (1981- 2008)
Tab.2 The evaluation indexes of accuracy in training ( 1981- 2008)
"~ MRE
e
1 H 2 A 3H 4 54 6H 7H 8 1 9H 10 7 11 A 12 1 ERE
GA-SVR  8.38 14.96 15.54 15.31 17.31 26.28 21. 1 35.19  39.07 30.06  38.02 17.71 13.22

RF 12.94 19.27 18.03 17. 06 24.05 27.18
MLR 5.89 9.32 13.29 11.23 12.82 17.57

23.75 43.03 45.58 43.11 32.68 19.3 20.99
14.2 16.43 20. 48 27.3 25.94 12. 86 5.46

RMSE

it
1A 2 A 3A 4 H 5H 6

FEE

7H 8 H 9H 10 7 11 A 12 H

GA-SVR  33.19 58.93 111.48 157.05 223.76 450.23 57898 765.35 679.85 570.95 291.09 106.24 2173.89

RF 54.65 106.16 186.43 232.5 356.09 464.35 877.59 976.18 1190.13 1146.27 539.71 122.61 5581.46

MLR 27.75 39.95  119.99 153.8 201.11 366.95 487.63 453.77 618.97 435.02 232.02 81.73 1230.69
DC

i
=

1A 2 A 3A 4 H 5H 6

i

7H 8 H 9 A 10 H 11 A 27 %8

GA-SVR  0.91 0.88 0. 87 0.85 0.91 0.77

RF 0.75 0.61 0. 64 0.67 0.76 0.76

MLR 0.94 0.95 0.85 0.85 0.92 0.85

0.89 0. 82 0.89 0.91 0.83 0.97 0. 89
0.74 0.71 0.67 0. 62 0.43 0.59 0. 65
0.92 0.94 0.91 0.95 0. 89 0.82 0.96

3

(2009- 2013)

Tab.3 The evaluation indexes of accuracy in verification (2009- 2013)

MRE 1 A 2 H 3 H 4 H 5H 6H

7H 8 H 9 H 10 H 11 A 12 A

FEE

GA-SVR  18.62 26.03 15. 60 29.96 16. 82 22.96
RF 10. 03 27. 84 18.02 34.97 19. 26 24.05

MLR 26.74  36.19  40.94 19.93 37.70 25.93

29. 51 24.00 33.58 19.94 28.52 14. 43 13.22
25.00 38.37 33.67 38.53 31.89 21.01 26.74

32.05 38.69  73.11 70.58  53.65 21. 64 20.25

RMSE= J%L_;( Qi sm— Qi) (8)

N
Z(Qusm— Qi)

DC= 1- ’_1\" R (9)
i;( Qi gam— Qoen)

FHIE 2 22 4 o] 50, JEFIAE 4F Br 18] 19 238 40 45
/N, L1 H o B, HAR T AR 4 B E 200~ 600
m’/s 2 [8]; TRALE PR IE AR AR K, L7 AR
1, H AR I B B /MY 1 000 m’/s, B K ik 7 000
m’/ s; SRR ARG W R, HIETE B 5 B AT 78,
XA —7€ FEEE LK Tl A B2 [A) I, 5% B GA-
SVR #E AL BE [ B % H S AE B[R] AR b i 35,
RER e Hb i R 5 H SR A AR R -

I 2 AN, 6 I AE 12 b, 2 e Pk A

KK EIR

. 48.

KM EAE, GA-SVR IR, BENIAR L Z. GA-SVR
[~ YRE AR ZE AR — B B (1 A= 5 A) M
8% — 17% 2 18], A6 H- 9 H) N 21% ~ 39% 2
8], JEAIAZE —Fr B (10 H- 12 ) N 17% ~ 38%
Z I8, R TR ARHRE 2N 13% , IXFKH GA-
SVR BRIFE 1 H- 5 H 5% a8 FFE R, /£
WA — e n Z0E, AR AR o Bk e A R
i DR R e 2 I T DL 3 4 K, TR R TR S Ak
] Stk K. fEf e R, GA-SVR 5% ¢
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Krzysztofwicz £ 1999 4F & Hi 1) DL - B i %
4( Bayesian Forecasting System, BFS) ¥ T [ &2
ANty s 03 DN R AN 2 PR K SCANR E A, 20 )
K BT AS 1 32 A FE 25 (Precipitation Uncertainty
Processor, PU P) F17K SCAN 7€ AL B 2% ( Hy drolo gir
cal Uncertainty Processor, HUP) Zb¥, & J5 @ it 48
P (Tntegrator, INT) Zx &4 ™ o 8 Ho AT
] ELAN AR S A, H o R Sa 232 TR SR i R B
AR R R, he A H o BISEINE, 50 9 S. Bl T
{8, X TAERE 2 n & H o= ho, B VU )5 2R 43 7E
Sn= o (RI5AE T H o () J 50 M5 13 o0 H0oh ™ -
falsal hn, ho)gn(hn | ho)

¥ GA-SVR FARAEAE Jrf 2 B EIN, K H
HU P iHEAR B 5 50 828 70 A0, FR45 H 90% B 15
X[8] 5 509% 7y fr ¥, 2 R WK 5 2K 7. GA-SVR
TS HUP50% 5 fr b Wk 4.

5 1
Fig.5 The uncertainty analysis of January runoff

at Huangzhuang Station

6 7
Fig. 6 The uncertainty analysis of July runoff at

H uan gzhuang Station

(Pn(hn| Sny h0)= 0o 7
I fn(Sn I hn, ho)gn(hn | h()) dhn . . .
- oo Fig.7 The uncertainty analy sis of yearly runoff
( 10) at Huangzhuang Station
4 GA-SVR 50% (1982- 2013)
Tab.4 The accuracy comparison between the GA-SVR predicted value and the 50% quantile ( 1982— 2013)
MRE
BH
1A 2A 3H 4H 5H 6 H TH 8 H 9H 10 A 11 A 127 #Has
GA-SVR 9.98 16. 63 15.75 17.76 17.16  26.15 23.05 34.08  40.03 29.38 36.5 17.17  12.26
500 i 7,54 16. 63 17.39 12.48 16. 58 18. 89 20.2 21. 06 34.41 22.74  30.84 17.88  11.93
) RM SE
BiH
1A 2A 3H 4 1 51 6 H 7H 8 H 9H 10 H 11 A 120 FLas
GA- SVR 46 73.69 11394 174.34 273.67 453.66 733.57 791.4 754.28 545.28 283.45 106.62 2300.61
50% 5y i 39.39 84.57 13687 153.83 255.52 368.64 693.44 705.97 867.22 527.63 382.18 131.08 2265.92
DC
i H
1A 2A 3H 4H 5H 6 H TH 8 H 9H 10 A 11 A 127 #Has
GA-SVR 0.82 038 0.86 0.8 0. 86 0.75 0. 84 0.8 0.87 0.91 0. 84 0.78 0.87
500 i 0.87 0.73 0.79 0. 84 0.87 0. 83 0.85 0. 84 0.83 0.91 0.71 0. 67 0.87

L 4T 20, GA-SVR A [ 90% B A5 X
6] L -FELHG BT Sl e, H 50% 23 47 5 g2 i 4E $l
A, PR B e B 50% 3 hiS GA-SVR
TR AABAR L, B 58 1 REGE— P38 K, P 39HE KR 2
HEE) AR 223 — R FE R IRV, W 45 HU P
AEBR I, A EE LA X 1R 1 07 3K B A TR 1) 7T 5

JE, RPN IR IR, R P — 0 fi gk
(11 50%) Ve TR, T DT 7 A5 B A
AL REST, Wt — e TR A

5
(1) M5 2 FESE 1981- 2008 Ei2 H R & 5
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1980 2007 4% F 74 WUIA I 45 H A6 K1 Vi I
7.500 hPa =i B AHIG O &, R & B A Bk
Tiidl A1, #4933 GA-SVR AL, FE%F 2009- 2013 4
BH AR AT R, 255K, R TR B A
751, TR 400 KR Z27E 30% LAPY, ARV 4 8
SRR IR ZETE 20% CAPY, S48 T BEALAR AR AN £ 0
AN [IABERL . AEAS AE A (A il F P20 A 5%
FERE R, 3% A TR R T 00 B R S e e AT R AR
e, LR R R AT 2B A

(2) ¥ GA-SVR #BUE Ayt e M ik 45 1, %
F HUP 0] DASE IRAR ) BERE TR . R M 26 ol 11
50% i ES GA-SVR TRARAA HE 47 X} bh, 455 %
BH, 50% 4 fr 05 S B 0L & B8 4F, KSR &
HUP AT PASE HERE 2 5 w5y (%) 2 48 T3 4R, 34 RE A
B X R TR T 52 T, R N EE
TR A5 5, N B R PR K5 R AR 1R R e it
2%,
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