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Fig.1 Structure of Xin'anjiang model
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Tab.1 Parameters of Xin'anjiang model
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Fig. 2 The framework of improved Xin'anjiang model

by optimizing the weights of rainfall stations
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Fig. 3 The map for Shihuiyao basin
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Tab. 2 Basic information of hydrological stations and
rainfall stations within or near the Shihuiyao
basin

e W3k A Al ST 4k 3R] Ay

1 HRE K3 WU TR 1954~2014
2 NS WY ZAAPERM 1973~2014
1979~1980.
3 RhERIWT REEEG BT TR 1982~1992,
2007~2013
4 LIPS Wy ARLEA 1983~2009
5 A MidEE  ZARPERE 1974~2014
6 wEA WEN wsar o on
2004~2014
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Tab. 3 Collected flood events in the Shihuiyao basin
e I /mm Vg B0 A ] HEWELRE M,/ (m® + s D) JRARIEARBIEW R M/(m® - s M/M
19800716 29.2 1980-07-22 690 2 080 0.33
19840730 47.7 1984-08-02 1740 3 330 0.52
19840808 30. 2 1984-08-10 810 3 330 0. 24
19850812 17.1 1985-08-15 440 — —
19860811 17.8 1986-08-15 470 — —
19880806 78.1 1988-08-10 2770 6 170 0. 45
19890717 75.4 1989-07-25 1200 5170 0.23
19900706 28.3 1990-07-14 740 2 560 0. 29
19920905 38.3 1992-09-11 870 2 840 0.31
19980615 88. 6 1998-06-25 1430 6 900 0. 21
19990905 36.5 1999-09-09 930 2 420 0. 38
20060719 33.5 2006-07-26 840 2170 0.39
20090817 16. 2 2009-08-22 390 — —
20100803 37.9 2010-08-13 670 1990 0. 34
20130805 68.5 2013-08-12 1 460 7 740 0.19
KW A 25 & B br ek 8, Hoh 25 G B br R 2 k4 RERMBEHXERABZRAEK
Fi(OfUFIE LW M G485 W, W (6): &G Tab.4  Sub-objective functions’ expressions and weights
H AR eR B F, (o) 3 TP 90 A 4% 32 UC L 7 Bt AR X A f FAE kR wr,  wr,
T 25 A M R B LK (7)) L &4 B AR R AL i
MW A PR f1 () =TF[ f35;(2)=0.8,1,0] 0.5 0.25
N
F, (x) =max 2(0. 5/, ) +0.5f;(x)) (6) LA fr (0 =TFL(f),; (x)<1, f5;,(2)=0. 8, = 025
-f:1 11272/ Foi(2)=20.8),1,0]
F,(2) =max 2(0. 25 f1, (2) 0. 25 f,, () + —_— et Bk L
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DL 15 500 SR JE e
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B A kA ) 500 AU, DL F, (o) B g A H
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BRI B AF 40 A UL &L 4, ] e e Al A Ay A 2 B8, N A
i Ry X0 25 B B oK B, 21 B R T 3 4 SR
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Tab.5 Weights from Thiessen polygon and random optimization methods %
N &
AR 7 il 245 7o N EIPN ek FIEA
BHRZ NI E 16. 44 55. 46 15.77 11.50 0 0.83
PEREALE 1 25. 81 26. 34 22.40 5. 44 11.49 8.53
RIEALE 2 24. 69 22.72 25.68 6.19 9. 30 11,42
AL 3 27.97 28. 23 29. 02 7.43 6.91 0.43
k6 ZHEEMEHEF (O F (5B REEREMERESBMMELER
Tab. 6 Optimal parameters of sum-objective function F, (x), F,(x) and optimal weights
HE Hirek%e  E E, E; E, Es Es W Un Lo C B I,
LEHEM Fi(xo) 4,02 4.00  4.01 5.5 2.5 1.89  89.38 13.52 60.45 0.10  0.42  0.02
JEALE Fo(a) 4.00  4.00  5.42 5.5 2.5 1.83 89.16 15.05 61.88 0.12  0.50 0.03
PR 1 Fy () 4,00  4.00  5.49 5.5 2.5 1.04 101.98 18.05 60.03 0.12  0.50 0.05
A4H H 7 6 5 S E, K; K, G Cy C. C, L
LB Fi(2) 53. 95 1. 80 0.52 0.18 0. 85 0.99 0.54 0.21 3
JEAL Fy(x) 59.01 1.02 0.53 0.17 0.77 0.97 0.98 0.31 3
PEIEALE 1 Fy () 52.51 1.91 0.69 0.01 0.81 0.95 0.92 0.52 4
MR, FARBUE DL 5. 3% 5 FIE 4 thal LUE k7T RFRLZAPBBRETHZAEREHE F (),
L PEIEAE 1~3 13 A i H R B [H] L 25 5 H F. (o) W& %

s bR B AR 22 558 /0N 308 B G P LB AN EE 1 1 Tab.7 Predicted results of sum-objective function
TR 25 R AT VEM 3BT SR A L 6. F,(x), Fy,(x) under Thiessen polygon weights
9 H b 3 CRIES {E

B [ R PRV LW/ Y AR/% AQu/% N,
6 p HIE 50 70 32.9 17.2  0.842
= 5 F. Fi () .
=4 B E 40 20 29.9 24.0  0.804
3 B 60 70 27.6 16.3  0.856
2 F Fy(2)
1t Lioana 40 20 25.6 17. 4 0.818
0 160 260 360 460 500 T« A T TR R 158 2 B 10 0 T X 35 2 14 (R X A 3 Tk K Y
No. AH A i B2 3B T 5R 1P 308 5 AR A 42 Tk VR AH X iR
25, %05 0Qum BRI X IR 22, %0 N R e T R A B
M4 ZAEERBHRELIA ‘
Fig. 4 The distribution of sum-objective function values
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Tab. 8 Predicted results of Thiessen polygon and random optimization methods

£l BREZNVNE PR E 1
fif e ’ / ’ / ’
W R/ ‘Q"‘ LWl R e ¥ s oate v, T R v " AQu/% AT/ N,
mm (m®+s”!) mm mm (m® s~ 1) mm ~ mm (m® s 1)
19800716 29.2 690 38.1 29.8 2.0 640 —6. 0 0.89 49.7 33.6 15.0 690 —0.7 0 0.96
19840730 47.7 1740 71.7 83.9 75.9 1580 —8. 0 0.84 78.6 52.3 9.8 880 —49.6 2 0. 54
19840808 30.2 810 83.7 49.6 64.3 1180 1 0.75 95.5 33.7 11.7 800 —0.8 2 0.82
19850812 17.1 440 58.7 15.7 —8.2 310 —29. 0 0.70 73.1 15.0 —12.3 290 —34.4 1 0.70
f 19860811 17.8 470 66.6 16.2 —8.7 430 0 0.91 77.7 15.6 —12.4 390 —16.8 1 0.91
; 19880806 78.1 2770 67.6 104.8 34.2 2 490 —10. —1 0.94 77.4 75.1 —3.8 1770 —35.9 0 0.75
19890717 75.4 1200 53.4 65.4 —13.2 1110 —1 0.82 64.7 70.7 —6.2 1200 —0.6 0 0.95
19900706 28.3 740 26,0 42.2 49.1 830 1 0.91 37.4 29.8 5.3 610 —17.5 0 0.95
19920905 38.3 870 61.6 44.5 16.2 980 —2 0.93 71.6 43.6 13.8 980 12.2 —1 0.94
19980615 88.6 1430 54,1 84.9 —4.1 1710 0 0.87 62.4 77.1 —13.0 1 500 4.6 1 0. 86
19990905 36.5 930 69.9 48.8 33.9 1170 —1 0.78 72.6 43.1 18.3 1020 9.2 0 0.91
© 20060719 33.5 840 41.2 50.1 49.8 1130 —1 0.78 51.3 46.0 37.3 1030 22.7 0 0.71
JiE 20090817 16.2 390 43.5 17.8 9.9 380 —4. ¢ 0 0.89 46.2 16.0 —1.1 350  —10.8 1 0.94
M 20100803 37.9 670 71.4 43.1 13.6 640 —4, —2 0.82 55.9 25.9 —31.7 380  —42.3 —1 0.65
20130805 68.5 1 460 82.5 54.3—20.8 1210 —17. —2 0.82 91.2 68.0 —0.7 1560 6.3 —1 0.97

T AR VAL TR A 5 2 X4 0 0t e R X 450 22 B4 (8 2 x4 373 b K 14 R R 48 A 8288 X (LR 755K 09 P 2 (B R AR s mm; QA HEIE HE , m® - s 1 W A
G K mm; AR AR R X BR 2L 005 AQu N bW A XS BRI, Vo 5 AT Sy e BUI (8] 4 X 88 22 s N o iff e R i, s 40—
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Method of flood forecasting based on rainfall input improvement
by optimizing rainfall stations’ weights

ZHANG Jinnan, WU Jian, WEI Guozhen, ZHOU Huicheng”, PENG Yong. CHU Jinggang

( School of Hydraulic Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: Rainfall is an important input variable to drive hydrological models used for flood
forecasting. The lackness of rainfall data brings a great challenge to flood forecasting. A method of
flood forecasting for ungauged basin is proposed, in which the measured data of several rainfall
stations within the neighboured basin is collected and used as additional input to Xin'anjiang model.
The optimal weights of rainfall stations are determined by using random optimization algorithm. The
new method is tested in the Shihuiyao basin. Runoff results from the optimized weights have higher
precision than the calculated weights from Thiessen polygon method. The calculated qualified rates of
runoff results during training and validation stages are largely improved from 60%, 40% to 100% .
60% s respectively. The calculated qualified rates of concentration results are slightly improved. The
optimal parameters of the Xin'anjiang model are more suitable for the actual situation of rainfall-runoff
process within the selected basin, which can improve the reasonability and practicality of hydrological
model. The proposed flood forecasting method can provide valuable references for similar ungauged

basins.

Key words: ungauged basin; Xin'anjiang model; flood forecasting; optimal rainfall stations’ weights



