19 4 5 3 0
2021 4 6 A

1 AL I 5 K A R Cp e S0

South-to-North Water Transfers and Water Science &. Technology

Vol.19 No. 3
Jun. 2021

DOI:10. 13476/j. cnki. nsbdgk. 2021. 0054

AR KT - 5K T 4F. T DU 25 A ST AR S S L . K AL S K AR (R e S0, 2021, 19(3) : 511-519. ZHAO F
F,ZHANG Q Q,ZHANG Y, et al. The Yellow River runoff forecast based on Bayesian network[ ] ]. South-to-North Water
Transfers and Water Science & Technology,2021,19(3):511-519. (in Chinese)

T DU Bir 0 48 By B 0] 12 7 T

RIFFFERFFLRT . BT A EE

(L R K AL )22 BE - 1Y T 81001652, T ¥R 27 = VLR A 355 e R BOI [ 58 F s S50 2, P T 8100165
3. TR PR U 5 KA K L T 5 o S 2, B Bt 100084)

R FET BN 19792018 4R ERA-Interim FE20H7T U5 K SCREE » L& CMIPS H10 A4St T 3 Fh
SR 5 (RCP2. 6 . RCP4. 5 RCP8. 5) ) BRI A AL B » SR JH 2 HOBCHE 14 b B4 » 57 B {3 JaR UL i
P 245 BT, IR B T BT 40 AR MG 5 NS A8 U 140 582 e MG 25 00 e T ol R o AR . R AR 1979—

2018 AF BT AR UL ft 22 D/ DB B8, o T DL eS80 o 245 X (1] ABE 25 F90 00 1 41 1) At el 2 Do/ B4 e i Jek ) AS

3 20 .60 IR E N
RCPS. 5 55t . HAE K 593. 50 12,.585. 11 {2 m®,

[ ] ARG i ) A 9 o X A ) SRR S [ L (LR T U 25 R /R AR S P e s . RCP2. 6 5 50 » BT SR
5]
5

85.50 12..588.57 {2 m®; £ RCPA. 5 1% 5 F . HAH Wy 585. 42 {2.587.53 12 m®; 1E

KRR - DU IOT 258 3 A PR 1 5 AL 5 AN S P ) A5 BT it

hE 43S . TV213;P338 XHRARERD A

VEAER , PR 57 26 WA 42 BR OB 43 1ol I &2 <Ak
RS- AT E N Y Sy W TR ] D ey
— RAN AR SO G AR s ks
FEFRWT, 19972006 4F ¥ ] | R 3 45 O o ek 2 24
23. 5% B2 S Mo 2 IS 1R SR A ST
i 26 A TE I et 2 45 SRk i P A A 1Y, SR
Rof T 2 R A R VL AR TR A A ) FE 2L P R 5 Ahmadi
SR N AR 45 F 58 S A% AR Ak X Kan Jii 35K
%W W5, 22 8] 20102040 4FE #£ RCP2. 6,
RCP4. 5 #1 RCPS8. 5 HEl1F 5 & 42 i 34 43 4
A% .26 %0 FN 2% 3 Azari FERESE T R BAIL TR RAR D
YR IAT IR AR X A A AR e 1, 2 B 2040—2069
AEAE ATF1 A2 B HECIEEE T B R AR A 221k
SEAER N 5.8%.2.8%.9.5%, HILA I,
SRR AR A T mEEAER . HAEH

5 HH#A:2020-12-01 &5 H #:2021-03-02

TR (RIRAR S ) #7543 (OSID) : &

8l

ML A% . ENAR T URE R IR SCRE R
MO AV 2058 BX TR R SRR R R
K ZR S AH FFZ WA A ) S A ATS HOBOROR . O HL L 7
IR SCTRRAIEFE o B A K i P B A A L /1N ige 43 A
1 A2 I 28 FIVASTAN i 302 5 Oy 1 — PR SR AR /K S
T AR MR TR L AN BB X T 45 2R I AN PR AT
FE A

FEXT IR Rl 2% BBl Sk SCRGEZTE Y
IRIGEAEFIANAG 7 14 » ) B v 3 SR AT v 0 1Y
PRI HT AU S AR A B B R T B A% 3 o AR 3 H 2
AL A 10 7€ P 89 D1 7 R 2% (Bayesian network,
BIND W) S, A 2 3% 5 8 AR 0 [ 17 PR O R
BERY, DI 2% 1 Xl e 2 R 5 s T AR 0
[ A RO R A28 . BN B RUA A RS PEA
P 2% T AR B 22 ] ) SE M ABE R L I RE RS A T RE SR T4

™ £& H R A 8] : 2021-03-12

P 2% HH ARt 41k - https: //kns. cnki. net/kems/detail /13, 1430, TV. 20210312, 1146, 002. html

TEBE A BAEFE 997 2 IR AR AR N BN FK SC KK IFEESE . E-mail : 2282882173@qq. com
WSS AMEEE (1970 B Bl & B A 2l 4, EENF IRV E SIFAIIL 5K Wiz h JEE . E-mail: zhongdy @ tsinghua.

edu. cn

KX KE B « 511 -



194 &3 mAE S AFFE(FIID 2021 £ 6 A

B - B A X — A K EL S K 2 A R A
TR K SCTIHR » ¢ BH DUt S A 23R T30 412 A A1) F pe o
E 7 RN 2 P R v THORS 3 5 R R AN DA
FEFIOM TSRS G, SEBL T LT 1 R A R A
R - TR S FAE R R o PRI AR SCatE— 2]
55 R E PR AR HL BRI (CMIPS) i 10 F 4
BRA MR B RGN SR E R SRR
T 14y PR 5% 5 ZRAEARY, o Y I 3o R R A2 I 72 A 4
PEATHERR TR

1 R KR

BT 37 S i 8 LA k2 327207 ~42°62,
R 76°14" ~119°70" AN 79.5 7 km?, £ 5 [
BRI 8. 300, AL e b L R L A K
SCERB A AR, 22 R U, 20 4l 90 AFEAR
DA SEIN AR YL e 5 R SR AR i e 4 St A AR
BRAS bR AF P 43 TE 26 53 K 5 35008 T K ¢ U
BT PG LN B K

2 BIE|ERE

2.1 HEKEL R

JH AR 234 FHL ) A8 Tt 5 SR T D e B
ST O ERA-Interim 40 BT B9k, 25 ] 23 ¥
0. 75°X0. 75°, i) [A] BS B Sk 1979—2018 4F% 76
WS B 5 45 30 0 P ERA 543 Bip H A58 4 4
B H V- HE A HE R IR 28 R T 1) KU L R
JE KRR AT 7 8o 0 Ph iR A FRAE
20 ] A A BT 3t R A ) e TR CMIIPS 42 3k A
B BN R VTR B 10 4~ CMIPS < fig 5
A PR B RCP2. 6. RCP4. 5 . RCPS8. 5 F A1 11
SRR R RIAE AT 10 Jr =0 BT A R A2 T itk
TR, A R A A 2 A 245 2K nT RE A7 76 I 222 Li
SEIER I T AR R B A BRAIVC i 1 (EDCD-
Fro) S5 1E A A5 A5 2 b 1 50080 i 22 5 & R R
EDCDFm 1 £ #4317 ok 2072 4 (CDF-t) % CMIPS
HR) 5 BRI AT e 22 T IE LeAs, 3R W1 T ED-
CDFm J7iEIT IERCR BT, P, A< 3¢ H EDCD-
Fm J53%, UL ERA P53 B 8 a 4 S 38 0 XoF Jir 4 B
(19 10 A AR Y A0 22 3R B8 Hl 2R A7 I 22 AR I
TR IR, BT ERA F4r s & 10 23k R
fAsE R o3 FE A AN AR ] B5C7E AT 80808 S IE RIS
JIF A A RSB G2 — 4 (E S KT 4 BER O 2. 817X
2. 81°M H BI{E AL

« 512 « KX KK R

*£1 CMIPS S EEXER
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Fig. 1 Constructionidiagram of the climate-runoff Bayesian model
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Tab. 2 Discrete interval of variables (month value)
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Eias
L M H
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T/K <267. 86 267, 86~284. 18 >284.18
P/Pa <79 500.19 79 500.19~79 775.45 =>79 775. 45
V/(Pass™ 1) <0.077 0.077~0. 091 =0. 091

H,/(kg-kg 1) <{1.21X1073 L21X10 3~3,45X10% >>3.45X10 3
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Tab. 3 The posterior probability of temperature on

evaporative precipitation and runoff

P(E|D P(Te | T)

[(E. Ew Eu] [Tp

PRI
TPM TPH ] [RL RM R[[]

T. 0.45 0.30 0.25 0.38 0.35 0427 .0.31 0.45 0.24
Twm 0.21 0.52 0.28 0.27 0.43 ,0:30,0.31 0.39 0.31
Tu 0.23 0.28 0.49 0.25 0.29 %0.47 0.24 0.37 0.39
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Tab. 4 The posterior probability of evaporative

on precipitation and runoff

P(Tp|E)
[T, Tp,, Tp, | [R. Ru Ru]

P(RIE)

EL 0. 39 0. 33 0. 28 0. 36 0.53 0.11
Enm 0. 26 0.48 0. 26 0. 36 0. 37 0. 27

En 0.23 0.25 0.52 0.13 0. 33 0. 54
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Tab. 5 The posterior probability of precipitation on runoff

P(R|Tp)
Te
[R]‘ Rwum RHJ
Tr, 0.25 0. 56 0.19
Ty, 0. 38 0. 39 0.23
Tr, 0. 20 0. 27 0. 52
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Tab. 6 The posterior probability of precipitation and

evaporative on runoff

P(RI|E,Tp)
E Tp
[RL RM RH]
Tp, 0.25 0.73 0.02
E Tpy, 0.50 0. 46 0. 04
Try, 0.33 0.33 0.33
T, 0.18 0.57 0.25
Eu Ty, 0. 44 0.31 0.25
Try, 0.42 0..26 0.32
T, 0.33 0.33 0.33
En Try, 0.16 0:47 0.37
Try, 0. 04 0.25 0.71
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Fig. 3 Influence of all meteorological factors on runoff
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Fig. 4 Causal chain analysis of - state runoff
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during the verification period
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Fig. 6 The historical and future runoff prediction results of the Yellow River basin based on the climate-runoff Bayesian model
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The Yellow River runoff forecast based on Bayesian network
ZHAO Feifei’? ,ZHANG Qingging'? ,ZHANG Yu® , SHI Xufang''? , ZHONG Deyu'?*

(1. School of Water Resources and Electric Power ,Qinghai University , Xining 810016 ,China;2. State Key
Laboratory of Plateau Ecology and Agriculture ,Qinghai University , Xining 810016, China;3. State Key Laboratory of
Hydroscience and Engineering , Department of Hydraulic Engineering , Tsinghua University ,Beijing 100084 ,China)
Abstract: With the development of social economy, the demand for water resources of the Yellow River basin is increasing. And
most areas of the Yellow River basin are in arid and semi-arid areas and the ecological environment is fragile, aggravating the
sensitivity of the water resources system to climate change. Although many researches have been conducted on the impact of cli-
mate factors on hydrological phenomena, the causality and the probability of interaction between climate factors and runoff are
still very vague. Besides, in the study of hydrological forecast, the water balance model, the wavelet analysis, the neural network,
and the fuzzy inference method can merely provide a deterministic forecast of hydrological process, while they can not quantita-
tively describe the uncertainty of forecast results. Based on the correlation and uncertainty of climate and hydrological systems,
Bayesian network (BN) is then used to quantify the impact of climate factors on runoff and forecast the future runoff in the

Yellow River basin.

Based on expert knowledge bases and other scholars’ research results on the relationship between-clihate and runoff in the
Yellow River basin, six climate factors including temperature, pressure, wind speed, specificthtimidity, evaporation, and precipita-
tion were determined to form the variable node of BN with runoff,and the BN model of climate runoff was constructed by the
Netica. The ChiMerge method was used to discretize the ERA-Interim reanalysis of climate and hydrological data from 1979 to
2018 into three sections. After the determination of network structure and training data set, the conditional probability table of
each node can be obtained by the maximum likelihood estimation,and the Bayesian influence probability between variables can
be calculated by the variable elimination method. In the BN model for predicting runoff, all the data in the prediction model is di-
vided into twelve intervals to improve the prediction accuracy. The. ERA/reanalysis data in years of 1979-2018 is used as the
training set. The history climatic data of CMIP5 ten climate models in‘years of 1979-2005 is used as a validation set. The relia-
bility verification of the model is established by comparing the.predicted range and trend of runoff in years of 1979-2005 with
ERA runoff data over the same period. Finally, the future‘runoff data of the Yellow River basin is predicted by the climate varia-
bles of several typical concentration emission scenarios (RCP 2. 6,RCP 4. 5,and RCP 8. 5) in years of 2006-2080.

From the climate runoff Bayesian network, it isfound that any change in the state of any variable can cause other variables
to change. For example,as the temperature state from low to high, the probability of high state evaporation and precipitation can
increase,and the probability of high staterunoff can-also increase, indicating temperature, evaporation, and precipitation are pos-
itively correlated with runoff. The relationship among other climatic factors and runoff can also be found that specific humidity
is positively correlated, pressure.and ‘wind speed are negatively correlated, and precipitation has the closest relationship with
runoff, From years of 1979-2018, the natural runoff of the Yellow River showed a decreasing trend,and the runoff based on the
probability prediction from BN also ‘showed a decreasing trend. In the RCP2. 6 scenario, the Yellow River basin’s runoff in the
next twenty and sixty years will be reached 58. 55 billion m * and 58. 857 billion m*. While in the RCP4. 5 scenario, the Yellow
River basin’s runoff in ‘the next twenty and sixty years will be reached 58. 542 billion m® and 58. 753 billion m®; and in the
RCPS. 5 scenariosthe associated values will be reached 59. 35 billion m* and 58. 511 billion m?®.

Climate change is of great significance to the change of surface runoff. The climate-runoff BN constructed in this paper is a
network of uncertain relationships between climate and hydrological elements. It explores the climatic reasons for the reduction
of runoff and conducts mid-and long-term predictions of future runoff. It is concluded that the main reason for the decrease in
runoff is the decrease in precipitation,and the specific humidity is a key climatic element affecting precipitation. The future run-
off forecast of the Yellow River in the next sixty years is estimated to be around 58. 7 billion m*® by BN.

Key words: Bayesian network; climate factor; runoff; uncertainty problem; Yellow River basin
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