35 %45 6 1) 882 ~ 889 TT W
MOUNTAIN RESEARCH

2017 12 H

Vol. 35,No. 6 pp 882 ~889
Dec. ,2017

NEHS: 1008 -2786 — (2017)6 — 882 -08
DOI;10. 16089/]. cnki. 1008 —2786. 000290

ETIKBXEKS BP HZ MZ&HY
a X3k & X2/ # ok 4 2R

ﬁii‘/\]’]};ﬁ%/j%l’ > 3’5&/@%4

(L ARHRIIVE RS TR 222 e AR A2 ARJH 350007 ;2. R4 i 5 35 M Pl TRREAR BT 0 838 A8JH 350007 5
3. P AT 1132 285 [ 5K R S A T A, AR AE AR 3500075 4. GRS AEMIIRERE TR, G 10617)

B E: ik IE BP M AR A B I 2R g U I DA [ 2 B 5 i /K AU Y 2 A 1, T 1956—2011
AR BT T VY R 2 T B K S SR R3] 23 o 15 AR £ KB R HE K S, SR IBOFE i 32 M PRI e 14 7
AEEZR L RK AR, 233 7 Aok G R ITBEK AR & KRR K ) i i 5 44> 2238 Z 1R AR S, 1
JFH BP 22 0 2 A5 Rk — b R S HE K AT 70 AN . SRR (1) A ZER A BI45 & WURIE 5 XU 2% T L /K Y it i
T RIREE /N HER WA R, AR 8 L E K B L e 30 5 52 Wi 28 3R A 2 TR AR SC R BE AP AR BRI 22 575 (2) 1
FE 2 BP M 28 o 28 AR 45 SRR A A I 5, T A T P R R e A R AL B, HLEAT B SR 5 KR Bt K
OrIJE I BEBIPERE AL 5 (3) 73S eI 4 4> 2N 2 ZE AL 19 5 M5 R G AR T HEK BP 1 28 R 20 BOR , BEHEL A

THEI AR B TR R A , RS A A0 TN St e

KA GG RNBK KOG s BP M2 4% 5 PR

HESES: P333.2 MHEREREED: A

PR — R E UM AR AEAT A SR 1 A AR K
FZ—, UHEEE U 2 25 R e Hk A
IR AR R S BT K A R
TR SR , R ) 5 2 ] oA 25 S, i B R
P ZEAF NI S AF R ZE N, JOEE i T K
TR RCADUR U (1 M FEE ) o b 0 0 R A B K R
AR PR B A AR AR R, XA A LA
P, — FREBR BRI AT TS E A

R UT R T AR P AR AR 7 6 14 22 3 K DGR AR
K, BHRAGEEATRE . LR, 2 DK
SCEERXHBE R BEATRAU TR , 5 B4 , (H.5) 2 Pl
ORI Z AOBRAI S o N T2 9 2% SE S L K Y
ARLAEBRIRE ST , [ I 25 A4 T A B SR D RA
HFRE S 2, 135 T2 S o A i

FEE PR N A28 P 45 5 7 5 ] T I S TR 4L | it
IR RRASALL K RS TIN5 5 T, 4 R A R
K SCTUS AR AL T B PR AR s,
SFH X VR WA I MNP 5 1 A AR LA TR
2, WIFFE A BURF AR I 0 TR A AR TR BP Aof 22
WAL R AR B . T L, BP R
ZEAE F T A AR K BT 5T, B R A
D) AZEN =S

e AL R AR R U IR , 52 7 XURT B KUY 52
Wi 8.3, WA AR PR R A R X I
KB, WA LT BP A 22 ) 45 BEAT HE R BLALIF ST
VU I T AR AR 7, 2 iR 2 5 O R R Y
WX Z—o AT, S0 PR i K AT
oy 6 MRt K SR & KRk, H PR e R

155 B #8 ( Received date) :2016 —09 - 21 ;3 [8] H # ( Accepted date) :2017 =12 - 12
E £ T B (Foundation item) : f8 &4 B K 7= 2# & VE R B K30 H (2015Y4002 ) [ Science and Technology Plan Key Projects of Fujian Province

(2015Y4002) |

YEZE B (Biography) : AR 7R (1990 — ), 5, fid L I A, 850 BF 55 A=, BF 58 07 1) K SC 5 K B UL Lin Zhidong (1990 - ), male, born in
Zhangzhou, Fujian Province, M. Sc. candidate, research on hydrology and water resource | E-mail ; linzhidong56@ qq. com
* 1815 1E& ( Corresponding author) : 52445 (1963 - ), 5, 1+, # 4%, WF 3T J5 1A] : K SCIK % U 55 7K 2135 [ Chen Xingwei (1963 - ), male, PhD,

professor, research on hydrology, water resource and water environment | E-mail ; exwchen215@ 163. com



56

HETIREIKIR S BP #2489 6 WAl & KU R kK 3255840 883

UK i s R RHIE AR R 22 5 BP M
W28 75 IE 0 T MR 5 XA -5 R G KU I P S HE K
AR PR AN TR WARGE o PRI, DI N BF 5
X, H T 1956—2011 4F Iy 4F i K— UK 14 2% F L K0
IGEAE, SR AR (05 B ik o T 06 3 1) 572 iy 2 3R
Fro i, M AN TR b K R TR f) 22 Foft BP oft 28 ) 45 46
RIEAT HLES, ) BP P 28 0 48 50 B 7 3 [ 7R 1 1
i 3t DX T AL 7 T 08 3T 0 UL ST )3 T
— I X B WS AR B XA R LK 5 B

1 W XA

VUBRAL TR A8 AR BB, B K R IETR ,
K 145 km, F SO IR T 0 AR, &
THEF R B I K Ro A S0k B2 8 K SC
(25°03'N,118°11"E) A | 1% 3t 38k A0 5% X (I &
1), 45K FLR 2466 km® | J& B I $AHT 16 1 1 25 X
S AR AR A 19,5 ~21..0 C KB TER
AR TR, L B A e e X
ISR B 24, Dl AR Lo 32, im0z
WITRY), B 78 0] 248 B A R T Bt I® |, B
TVFZARGE b F /NI A 2
DL SUA FIAG R o A XL, bty ess i 2
Z N MR B XU 11 DX K Rk 2R 75, R &)
FEULPE WY e A ImAE K E LKA

117°40'0"E 118°0'0"E
N
s A =
=) =3
S S
] &
g
z Z
o o
(=) (=)
o m ow ]
K ER
A FTEG;
@ K3Cu)
1 itk 7 0 10 20 30 km
117°400'E 118°0'0"E

I FREER
Fig.1 Map of study region
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Tab.1 Grey regression degrees of indexes

T KI5 Pm/ mm Rd/km Ct Qb/(m*/s) RL/h Rp/ (mm/h) Cvp
B KA R LK 0.759 0.702 0.695 0.682 0.674 0.621 0.617
Ak & XA TR LK 0.797 0.343 0.693 0.526 0.731 0.581 0.665
EHIETRE 0.703 0.554 0. 608 0.618 0.579 0.687 0.551
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Fig.2 Simulation results of peak discharge by BP model
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Tab.2  Simulation results of classified

and no-classified storm-floods by BP model

2T R4 2N V-4 @
Pk XHRZE/ % WFRE % xR/ %
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Fig. 3Simulation results of typhoon storm-flood
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Fig.4  Simulation results of non-typhoon storm-flood



886 W

1 35 %

x3 FWHKTEERH BP REEBIER

Tab.3  Simulation results of storm-flood

by BP model under different index

AL BoRgsxt BNt SFgLxt X
. BIER . . R?
IKZEHY 1R/ % iR/ % RFE/ %
HERE IAEE 1693 0.21 7.85  0.958
MK FAEER 22.56 0.48 9.87 0.931
EER FEERE 9.49 0.03 1.36 0.979
ZWIUK FWHEE  9.64 0.12 4.79 0.954
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Zk MUK SR H U A 2 R 1Y) BP 28 0] 45 455 A4l
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AR XA T AR T T, 32 6 R TR L K R AlE
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2 T LK AL I ), SCBAE T IX 43 2% R K 257
T J5 T AR A B0 R FURS B2 225K, 38 >4 e it K 52
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3.3 BP H&MKERIGIELE RS

PEH] 2000—2011 4FPHIR i 85 8 3 & K& Hi ik
IKF 4 AR & X T UE K AR S AL A, 23 5% T
BRI TG UE , HA5 R B a3 4 frn . AR5
HR5 43RG W TS5 R L ECER  BR T 2002 45432
Je R e g PO AR XS R 258 - 15.51% W& 25T
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Tab. 4 Evaluation of simulated flood events for Xixi watershed by BP model

pALE i RALTHER BRAEE R 2 E BHAEE NF AR
(ﬂiz i G0 SEE BEME FRRT 22 (LEDRIEN AR R 22 FAE A5 22
/(m®/s) /(m®/s) /% /(m®/s) /% /(m®/s) /%
2002 3470 2978.92 -14.15 2931. 86 -15.51 3075.26 -11.38
2003 1760 2046. 06 16.25 1921.34 9.17 2008. 39 14.11
2004 1060 1199. 81 13.19 1155.15 8.98 1234.52 16.46
& R 2005 2940 3210.65 9.21 2879. 64 -2.05 2711.5 -7.71
kK 2006 3700 3389.30 -8.40 3461.76 -6.44 3190.36 -13.77
2007 2070 1854. 47 -10.41 1968. 40 -4.91 2291.02 10. 68
2008 815 1030. 84 26.48 934.33 14.64 959.11 17.68
2009 1100 1140. 81 3.71 1133.12 3.01 1243.23 13.02
Y X1y 12.73 8.09 13.11
2000 3600 3311.44 -8.02 3566.21 -0.94 3439.50 -4.46
[y 2001 1960 2019. 14 3.02 1963.36 0.17 1843.31 -5.95
kK 2010 2860 2335.59 -18.34 2858.20 -0.06 3022.82 5.69
2011 1650 1435. 68 -12.99 1690. 19 2.44 1800. 05 9.09
2 Xf -3 10.59 0.90 6.30
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Simulation of Storm-Floods during Typhoon and Non-Typhoon Seasons

Based on Grey Correlation Analysis and BP Neural Network

LIN Zhidong', CHEN Xingwei'*”*, ZHANG Cangrong*

(1. College of Geographical Sciences, Fujian Normal University, Fuzhou 350007, China;

2. Fujian Provincial Engineering Research Center for Monitoring and Assessing Terrestrial Disasters, Fuzhou 350007, China;

3. State Key Laboratory Breeding Base of Humid Subtropical Mountain Ecology, Fuzhou 350007, China;

4. Bioenvironmental Systems Engineering, National Taiwan University, Taiwan 10617, China)

Abstract; Convective rainstorms and typhoon storms occur frequently in the southeastern coastal area of China. In

order to investigate the applicability of BP neural network model for simulating storm-floods in this region, Xixi

watershed was selected as a study area. Based on observed data of annual rainstorm flood events occurring from

1956 to 2011, seven indices describing the characteristics of storm-floods were calculated (rainstorm volume, rain

intensity, rain duration, rainfall time coefficient of variation, center position of rainstorm peak, rainfall space

coefficient of variation, and starting discharge of flood). First, all storm-floods were divided into two types: the

typhoon storm-floods and non-typhoon storm-floods. Then, the correlation between peak discharge and each of the

seven indices was estimated respectively with a grey correlation method, regarding three flood groups (all events,
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typhoon, non-typhoon) separately. Finally, a variety of BP neural network models were constructed and the
performances of models were compared. The results show that the grey correlation degrees of peak discharge and the
indices were different among three storm-floods groups, having a higher correlation for the classified floods. All the
BP neural network models proposed worked reasonably well for all flood events, but performed better for typhoon
storm-floods and non-typhoon storm-floods respectively. The differing correlations and improved model performance
suggest that it is necessary to divide the floods into the typhoon and non-typhoon types. Furthermore, by only
selecting four indices based on the grey correlation analysis, the constructed BP neural network models are also

applicable for the simulation of peak discharges in the study area.

Key words: typhoon; storm-flood; grey correlation analysis; BP neural network; Xixi watershed



