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Fig. 1
stations in Qinhuai River Basin
A e T AR L ) BEAT R B BT R A R S A
PR3 A7 5 LA 300 B T o 0 s T 4 A 0L T B 4 4 i
SRR A AR Y T DR O i B O B R
PERR 2

2 BURMTTIE

BEEWB: EREMAU R (2022YFC3202300) ; o [ 19 -+ J5 Bl 5 4 0 H (2020T130309, 2019M651892) 5 VL. 7
BOKF B W H (2020022, 2021024 5 Y1 758 4 B S WF & 3 & 300 H (BE2020633) ; V146 37 X & & AF & F & Wi H
(ZDYF20200129) ; AR 0 B (YZ2022A005) 5 B 5015 B TR K 2# #0b gt 18 36 42 99 H (20JCLX035)

EZ B XIW (1998, 5 Wl LB 58 4, B 58 J7 1] S KA A8 A6 5 7K 6 35 , E-mail : 2811306430@qq. com

BIESE . BE (1983-) %, [+ (BI Z 4% 05, WF 58 Ty 10 R A 28 46 5 K6 26 , E-mail : zsmzyq@126. com



. 28 . KoHOH

2023 4F

21 HEKIE

PEFHZUET 4k 1978 ~ 2015 4FE K L4 %K
B e R R B SR R T R AN 10 AR R B9 %
H LI 58k, 138 i 28 2% 22 308 16 SR A5 T B T & 5
U RCE K A U B 1 e T e 28 T T ) A
H AR T 53R 8 P03 2 R A 0 B R A2 0 5 25 1
RSB ZR I (R 5% R ) 7% & sl i H 28 & %k
;o I 38 2k 5T T A R B e SRy T R k5 130 T
RAFR A5 B H B I 2SR 0 P
(http://www. ncc-cma. net/cn/) ,
22 WRAE
221 EHESITE R

Mann-Kendall 3% J&—f 4E S 5068 56, Al
RUUBTCTF AT N — 8 S A5 . AT 4 T M A
M RN 58 AR T o R B A R Y B PR TR
AR BRI S b T i
R[] 28 2 T) 1 2 228 5 RS/ S T S 28 22 ) 1Y
B2 P MR K 2 T kT 2 N TR R F
FIRY AR K 0 . ARl 2k A 5 K SR
RER B S B AR A E i X R
T 2 —FoME ¢ R B M L 7 B A Ay B —
HIZ W,
222 RBRREIEE

W 0 S N Ry G A AR Y AR R I 1 A
FEER (B o N s sl N RIS AN B ), 58
A5 SR MR TR T 51 o 52 e B (52 28T 3l AR
fige A5 A I ) 52 M) 38 S AR L I o B A A ROk T
0 T 5 W ) R AR AR IR
223 KRG TR

K ARG REGE X AR Z K CRE W F 17 0)
B pIBE T R, i — 20 85 A FE R A BT ik
(PCA) X EUHEIEAT 4 . 3 434 B il i 1E 38
AR YR HAT — 2 AH DG 9 i G AR i AR Ol — 4 4
B> HANA G 25 G A8 i, Al S0 90 A1) 420 A
AT RE 22 Hb S DR R AR {5 B DL IR B
RIACAENUREN
224 /NJESHTE BP M4 M 4% (WA-BP) &

FRL Y

Y5 TR SCIF 3 Z2 Sk S DN £ 5 51 S AR SC Al
FHESHIC/IN B A8 4 53 B oK SCHE R R 510, X F A5
() € L*(R) B BUNE AR 52 U h

N—1
W) =2"DleW@t—j) (1

L, i AR EEF CEBE T WG
Sy AR [ /N R NI RR B

/N 7 A T A I T B 0 A SRy e A A
JI5SF; 1070 - =1 o ol o2 (51 W o a1 ]
R 73 3 e 0 M R . SR IR RN D
PRSI A A 43 R R B0 kT 1 T bl fE R
B HIC/N I 53 R 8 70N I R B 0 i SR B 2.

BP ft 25 [0 26 455 50 & — b Bk TR 22 I 1) 4% 4%
G R7 || EZN DA T el L S W= R Sy il <6
JEtt@Eirae f1. X Levenberg-Marquardt J5
Bl Mg, s - NREE . MEoiies
S YNNI 2 Ry 15,

WA-BP #5450 B X6 A% 3t A5 04 $0 000 71 2 A JEL
TR 2, J8 A B HI/ N R R AR 3 91 43 i R
AR A 5 AR5 B BP i 4% T G S g
AR 3 14 /0N bl 2R I e 2658 3 /)N D 35 78 4 1 B
ToUm Y A2 1

BPHPEM S8 A
B2 WABP#HBAEAFER
Fig.2 Flow chart of WA-BP coupling model
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Fig.3 Mann-Kendall test of hydrometeorological elements in Qinhuai River Basin
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Fig. 4 Ordered cluster analysis method of runoff in Qinhuai River Basin
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Fig. 5 Recorded and naturalized monthly runoff
in base period of Qinhuai River Basin
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Attribution Analysis of Runoff Variation Based on WA-BP Coupling Model

LIU Yu',ZHAO Jun"?*,WANG Guo-qing” , XU Jin-chao'? ,SHAO Yue-hong'
(1. School of Hydrology and Water Resources, Nanjing University of Information Science & Technology,
Nanjing 210044, China; 2. Nanjing Hydraulic Research Institute. Nanjing 210029, China)

Abstract: To study the trend of runoff evolution under the influence of climate change and human activities, the Qin-
huai River Basin was taken as the research area based on the hydrometeorological data of representative stations. Firstly,
the Mann-Kendall method was used to study the variation trend of hydrometeorological elements in the basin. Secondly,
the abrupt change points of the runoff series were discussed by orderly cluster method and double cumulative curve meth-
od. Thirdly, the key factors affecting runoff were screened from numerous hydrometeorological factors, and the Wavelet
Analysis-BP neural network coupling model was established to predict the runoff. Finally, attribution analysis method
was used to identify contribution of climate change and human activities to the runoff variation. The results show that the
rainfall of the Xinhe river sluice presents a downward trend, while the Wudingmen sluice and the whole basin show an up-
ward trend. but none of the trends were significant. The runoff of the basin shows an upward trend, and the increase
trend of Xinhe river sluice is not significant, both the Wudingmen sluice and the whole basin increase trend pass the test
of 0. 01 confidence level, and the annual evaporation tends to decrease. There is a great consistency between the Wuding-
men sluice and the whole basin in the variation trend of rainfall, runoff, and the time of abrupt change point. The contri-
bution rates of human activities and climate change to runoff increase were 73. 92% and 26. 08% , respectively, the human
activities were an important factor that led to the runoff variation. The conclusion provides a scientific basis for flood and
drought prevention and water resources planning in this basin.

Key words: Mann-Kendall trend test;orderly cluster analysis; discrete wavelet transform; BP neural network; contri-
bution analysis
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Runoff Prediction and Comparative Study by Combining ICEEMDAN and

Multiple Intelligent Optimization Algorithms
MAO Qin-nan’, LIU Zhao™*, LI Jie"”, WANG Shu-min”", ZHANG Ting—hao“'b
(a. School of Water and Environment; b. Key Laboratory of Subsurface Hydrology and Ecological
Effects in Arid Region of Ministry of Education; c. Institute of Water and development, Chang’an
University, Xi’an 710054, China)

Abstract: In order to improve the accuracy and reliability of runoff prediction, the advantages of EMD in dealing with
non-stationary time series are introduced, and a BP neural network prediction model based improved adaptive noise com-
plete set empirical mode decomposition (ICEEMDAN) and whale algorithm (WOA) optimization is established. Taking
the inflow runoff prediction of Jinpen Reservoir in Heihe, Shaanxi Province as an example, a simulation model based on
multiple intelligent optimization algorithms is established to predict the inflow runoff of the reservoir. At the same time,
historical data of different time series, such as precipitation and runoff, are selected as input factors to compare the pre-
diction ability and results of BP, WOA-BP, ICEEMDAN-BP and ICEEMDAN-WOA-BP models under the same input
factor conditions. The results show that as far as the input sequence is concerned. the prediction effect of the model with
precipitation as the input factor is better than that of the model with runoff as the input factor; For different algorithms,
ICEEMDAN-WOA-BP model has good stability, Nash coefficient can reach 80%-90%, and the prediction accuracy is
higher. The proposed ICEEMDAN-WOA-BP model can provide technical support for river runoff prediction, reservoir
hydrological prediction and watershed water resources management.

Key words: runoff prediction; ICEEMDAN; whale optimization algorithm; BP neural network





