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Basin level study on synchronous- asynchronous encounter probability of
hydrologic events based on Bayes net theory
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Abstract: A Synchronous asynchronous encounter risk management model of ridr poor runoff and pr ecipitation in the upper,
middle and lower reaches of Dongjiang river basin was developed using a combined approach based on the copula function and
Bayes net works and the interrelation of runoff and precipitation among different three stations were intuitively described. Based
on the Copula function, the joint distribution model w as established to calculate the risk probability of the diversion adverse situr
ation of Synchronous asynchronous encounter. On the basis of a posterior knowledge input, the Backw ard reasoning function of
Bayes net was utilized to conduct simulation calculation of the potential Synchronous asynchronous encounter states in some
certain situations which may happen in the fututr. T he result showrf that the change of a node probability value in the system
would have a big impact on the others, on the premise that the rainfall shortage situation appeared in the upper and middle rea
ches, the risk probability of water transfer disadvantages, which increased to more than 55% ; At last, the result of the simulating
calculation would provide theoretical support to formulate the water transfer scheme in river basin.
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Fig. 1 Location of research area and hydrological stations
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1 Copula
Tab. 1 Copula function in common use
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Fig.2 Simple Bayesian networks
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Tab.2 Results of Marginal distribution parameter estimation of

annual runoff and precipitation
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Fig. 3 itting results between em pirical cumulative
frequency and theoretical cumulative frequen cy

of runoff encountering in Heyuan and Boluo stations

Fig. 4 Isograms for joint distribution of runoff between

Heyuan and Boluo stations
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%P(Y <y3745%, Z <Z37.5%| X <x37.5%) = P(Y <
128. 03, Z K210. 66| X <55. 36)= 0. 685.

Fig.5 Fitting results between em pirical cumulative
frequency and theoretical cumulative frequency

of precipitation encountering in three stations

Fig. 6 Synchronous asynchronous encounter condition probability
of midstream and dow nstream precipitation variation

given the condition of upstream precipitation shortage

Fig. 7 Fitting results between em pirical cumulative
frequency and theoretical cumulative frequency

of runoff encountering in three stations
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Fig. 8 Synchronous asynchronous encounter condition probability
of midstream and downstream runoff variation

given the condition of upstream precipitation shortage
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Fig. 9 Bayesian network of precipitation and runoff

encountering in three stations
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Fig. 10 Bayesian network risk management model for

Syn chronous asynchronous en counter( Initial)
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Fig. 11 Bayesian network simulation for

Synchronous asynchronous encounter( T he first time)
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Fig. 12 Bayesian network simulation for

Synchronous asynchronous encounter( The second time)

pape: TR NN ]I GH NI ¥ ivp: B E|
BRI, DAARTL i3 Eaite o 0|l v Jitedm] 05t 21 Vi
T2 Sl R B B RN AR 30 A B 9T 5 42, 32 F Copula
BRI 70 ST Rk P A [ S e AR O A
W G AT, &5 G DU Ji7 9 26 B DL SK
MIFERL K Copula BEL U MERAE R SEB0 A RN,
FAJER T URLIE PN A Sl BT A0 = A 3 1) X
R, E I AR I T, AN S 6 N R A Dl
T, R A KA RIS KA AE 25% ~ 30%
Z00) o R DU Sy 9 28 (9 5 ) HE 2R Th e, 430 BA B
WA VB TR A Al 7K RN b3 )1 i« v 9 T 058 3k e
T ] ATt A A7 5 A Sk J B R AR N DY 2 45 4
XL 3 A AT e 2E I E A, 4L A IR BT (5 FURSRL T
o THEEE REOR, BN R ) A A KA
INF, 83l o R 2 A T KR X RG AE Zak 3]
50% FeAT, Horb =k 5] RG 2K SR R KU & A2 W%
K 54% ; © F N e NS AR i T I s B R [ A
TR IS, 33l A5 AR AR A TR T 7K AN XU 1
FIE IR 60% 7oA, Ho iy 5= 1l 2k 1 7K A F) X
RN e K, 18 67% ; SCHASRINE 55 R BE R A2 9
Fli SEME R TSR 1AL e 1 T 25 3 DU R DL M

e 24+ KXKER

IR [R5 AL AUAS SR, DA U P 7K 0 ) 5 22 T TG
ST REEE R SR 2 S8, Ay B AN B S

( References):

(1] HHRCE, 5KH. 248 S K SO 43 A1 J5 1 % Copula b8 IR R
WEFE[ ). 7K LA J5 BL2E, 2010,28(9): & 11. (RAN Qi xiang,
ZHANG Xiang. Review on methods of multivariate hydrologr
cal joint distribution and Copula function[ J]. Water Resources
and Power, 2010, 28(9) : 8 11. (in Chinese))

[2] oKk, £ JCBENLAS & A 2 A WE 2 v 3007 10 S HAE /R ST i
FALD) . AKFIZEFR, 1995(8) : 60-66. (FEI Yong-fa. A method for
estimating the conditional probability of multtrandom varia
bles and its application in hydrology[ J]. Journal of Hydraulic
Engineering, 1995(8) : 60-66. (in Chinese))

[3] Grimaldi S, Serinaldi F. Asymmetric copula in multivariate
flood frequency analysis[ J]. Advances in Water Resources,
2006, 29( 8): 1155 1167.

[4] A%, ISR 2 YRS T V55 15 K HARK S ik R
[J]. /KR4, 2006, 37(2) : 160- 165. (D AT C hang- jun, LIANG
Zhong min. Computation methods of multivariate joint proba
bility distribution and their applications in hydrology[ J]. Jour
nal of Hydraulic Engineering, 2006, 37( 2): 166 165. (in Chr
nese))

[5] LR, x| B W1 B /R AL 243 v PR AN IR 7K SC X B K T il a8
PESMHI[T]. HUBE 2441, 2000, 55(5) : 523 532. ( ZHENG Hong
xing, LIU Chang ming. Analysis on asynchronisnr synchronism
of regional precipitation in planned Soutlrto North Water
Transfer Areas[J]. Acta Geographica Sinica, 2000, 55(5) : 523
532. (in C hinese))

[6] Hh5F, BAE Y, BrARWE. MKACTR T 2ok IR X 5 2K X 4l
BT[] . ALK R K HL 22 BE 224, 2007, 28( 1) : 8 11. ( HAN
Yuping, JIANG Rem fei, RUAN Berr qing. Analysis on wet-
nessdryness encountering of runoff flow between water source
region and receiving water region in the Middle Route of the
Soutlr to North Water Transfer Project[J]. Journal of North
China Institute of Water Conservancy and Hydroelectric Pow-
er, 2007,28(1): & 11. (in Chinese))

[7]  FEE A, AL, 1S m KA 2K U5 X 5 52 K IX B K =E A
JEEWFST] J]. KR 23], 2007, 38(10): 1178 1185. (YAN Bac
wei, GUO Sheng lian, XIAO Yi. Synchronous asynchronous err
counter probability of rich- poor precipitation between water source
area and water receiving areas in the Middle Route of Soutlr to
North Water Transfer Projed [ J]. Joumal of Hydraulic Engineer
ing, 2007, 38( 10) : 1178 1185. (in Chinese))

[8] P, Z¥r. 5T Copula BR HU JE— B Pkt KU HE I & 20 T
[J]. /K FI2#4], 2013, 44( 10): 1137-1147. (FENG Ping, LI Xin.
Bivariate frequency analysis of nowrstationary flood time series
based on Copula methods| J]. Journal of Hydraulic Engineer
ing, 2013, 44(10) : 1137 1147. (in Chinese))

[9] #A& 5, &, J7 2, 4. 3T Copula BREUR SRR B 21
B MRS IR 2> AT [ J]. K FIAE 3R, 2013, 44(5): 556 562.
(YANG Zhiyong, YU AN Zhe, FANG Hong yang, et al. Study



BIRE S T o T W 4 o K X A B AT R

[10]

[11]

[12]

[13]

[ 14

[15]

on the characteristic of multiply events of drought and flood

probability in Luanhe River Basin based on Copula[ J]. Journal

of Hydraulic Engineering, 2013, 44(5) : 556 562. (in Chinese))
T, A, KoK, S5 T AR AL I P R TR AK YR i B
A S AT )] . KR 2232, 2010, 41( 8) : 906:907. (FENG
Ping, ZHU Yijun, ZHANG Yong, el al. Analysis of wetness
dryness encountering probability among water source rivers
and the Yellow River in the Western Route of Soutlr to- North
Water Transfer Project[ J]. Journal of Hydraulic Engineer
ing, 2010, 41(8) : 900 907. (in Chinese))
FREFS, AT /N R K AL v 2 B K A A T KB AT T KR
223k, 2011, 22(1): 44 50. ( ZHANG Ling, HE Xiao cong.
Risk analysis of synchronous asynchronous encounter proba
bility of riclr poor precipitation in the Middle Route of Soutlr
to North Water[ J]. Advances in Water Science, 2011,22(1):
44 50. (in Chinese))
FEES, AT/, RELES . kT DA ) 4 AR ) R KL IR vh 2
AR YR X5 52 7K DX B 7K R 38 XU 7 LD ] AR 244K
2010, 41( 8): 908 913. (KANG Ling, HE Xiac cong, XIONG
Qr ling. Risk analy sis for precipitation ricl poor encounter be-
tween source area and receiving area of the Middle Route of
Southrte North Water Transfer Project Based on Bayesnet
theory[J]. Journal of Hydraulic Engineering, 2010, 41(8):
908 913. (in Chinese))
O Connell D R H. Nonparametric Bayesian flood frequency esti
mation[ J]. Journal of Hydrology,2005, 313(s F2): 79 96.
H.Vande Vyver. Bayesian estimation of rainfall intensity du
ratiom frequency relationships [ J]. Journal of Hydrology,
2015: 1451- 1463.
GRFN, RAM. 3 T Archimedean Copula [ =4k T 745 fiEAX
IRA A1), P E R A K R K HL, 2011( 1) 2 65 68.
(ZHANG Yu, SONG Song bai. Research on three dimensiomr

[16]

[17]

[18]

[19]

[20]

[21]

[22]

al joint distribution of drought characteristics based on Archr
medean Copulas| J]. China Rural Water and Hydropower,
2011(1): 6568. (in Chinese))

TRAA B, AR, 5. JE T Archimedean Copula R £X1H
PR L ERG B AT HEIT J]. b EARA KRR, 2015
(1):6874. (ZHANG Dong dong, LU Fan, YAN Denghua, et
al. Research on multt dimensional joint distribution of flood
characteristics based on Archim edean Copula[ J]. China Rural
Water and Hydropower, 2015( 1) : 68 74. (in Chinese) )
NELSON R B. An introduction to copulas| M ]. New York:
Springer, 2006.

Murphy K P. A brief introduction to graphical models and
bayesian networks| J] . Borgelt Net, 1998.

JABEE, DA A, & RE T DU 407 I 25 1) 2 25 ) 23
BT ER[T] . 00 52 B 5 A1, 2008, 38( 19): 89 95. (ZHOU
Bao zhong, MA Chao qun, ZHOU Jing lun, et al. Multrstate
fault tree analysis method based on Bayesian Networks[ J].
Mathematics in Practice and T heory, 2008, 38( 19) : 89-95. (in
Chinese))

e, B, WA BT =4 copula BB 2 K SCIX R E
M. KBl 23 R, 2012, 23(2): 186 193. ( XIE Hua,
LUO Qiang, HUANG Jie sheng. Synchronous asynchronous
encounter analysis of multiple hydrologic regions based on 3 D
copula function| J]. Advances in W ater Science, 2012, 23(2) :
186 193. (in Chinese))

Singh V P, Zhang L. Bivariate Flood Frequency Analysis U-
sing the Copula Method[ J]. Journal of Hydrologic Engineer
ing, 2006, 11(2) : 150- 164.

TR, SR, DU Jr I 25 BERUREIR [J]. I (5 B EOR,
2008, 16(5): 4+42. (ZHANG Bing li, PET Ya hui. Summ ary
of Bayesian Network[ J]. Computer and Information T echnok
ogy, 2008, 16(5): 41 42. (in Chinese))

(L#% 17 W)

[27]

[28]

[29]

Wi ot. SRR RY AR A BHLEI AR 78 5 8 [ D] . 79 58 7
R AR K2, 2008, (YANG Yuar yuan. Research and apr
plication on the integration and interactive mechanism of het-
erogeneous models| D], Nanjing: Nanjing University of Aero
nautics and Astronauticss, 2008. (in Chinese))

SEWE. BT Open M1 11 2 FUSE SR 280 41 ORI 9T D] .
M MRS K24, 2010. (WU Hui. Studied the multr scale
watershed model integration using OpenM I[ D]. NanJing:

Nanjing Normal University, 2010. (in Chinese))
A, RN, SRR Y, . JE T O penMI BEA I 1 TR AL AL

[30]

[J]. KFIKIE TR 24K, 2013 (3): 3237. (LEI St hua, CHEN
Ming, WEI Jurr biao, et al. Soil moisture forecast model based
on OpenMI technology[ J]. Hydro Science and Engineering,
2013(3):3237. (in Chinese))

JE, R, J7 . 35T Opem MT B (387 2 VOB T % 5
SEMTAUL D] . =0 % 24 BAREL Wi, 2014, 36( 2) : 24
27.(ZHOU Mi, CHENG Chuang chuang, FANG Sheng. XIN
an jiang model development and intergration based on Oper
MI[ J]. Journal of China Three Gorges U niversity: Natural
Sciences, 2014, 36( 2) : 24 27. (in Chinese))

KL KEIR 25 -



