BAVERTH
202347 H

Koo e

Water Resources and Power

Vol. 41 No. 7
Jul. 2023

S S

DOI:10. 20040/ j. cnki. 1000-7709. 2023. 20230172

18R —B HhBE 2% 7k BB ik 52 HA F FE o Y BB i ]
it 2 M Rz < R A3

2T N Y F IR

B RO R A

ERBHE RS a0 EARERA TR SBE; b B = 5 8RB A TASR S, B R 430074)

WE: A BLZIARS A FRABALSELPBEESARLTRAE WL X AL LN FM, &4 MALAK
(REOBEH L FHEFT @2 (SVRIER AL LM X R BATER AN TR EFONERTALER, 54
Gy iRt BEA S D AR A AT xb b, bR A b S T AAT R R A D R A L B A T AR

K, k42 R L RTagiE R
o2 B9 B X B 2 ag iR £ L AR
o shra ARy R AR RAEAE

R AW . RFSVR BB TR MA TR LR LALSHMERD, TR
HERBDE T MEL KAZBBERE, AR R TAZLLEKRADBKERTHH

KEW: BMR T REXF; KEEENRAE; MALAK; LHaEE A

HESHES: TV697.171 XERtRERL: A

1 35l

[

AR — B M R i A R R VR R LA
B EC A PR HL ity IR 5 R B 3 A7 X T 5E 40
MBPOKRE e TH 2 T k4 BA BB E XL, FIE
IR R A 80 B R X BRI AR A D 5
JK SRl A F e A KRR TR A ACE K
11T 9 797 45 U 30 A K AR TRT 3 L S8 B I KT 9 O =
BB KR P R g A 2 e AR i
2R K PR B IR DA A ) F 3 ] 9 B i 7 S5 AR
BN Sk T OB G R R R R St K HL oA
U A 10 T R R A R B o X T B 0l e A
AT J3E v e s 18] 9 S 0 1 S5C AR B OF T AL L i I
U5 B i ORI B LK Bl ) s B R AL G Y
IKSCFTTE N8 Z o WA KBS 7 A 42 4 R
(1 K Ji , 72 i E A0 DA N T A 28 T 4% B R S AR R Yy
KOl A2 9 77 15 e A A A AR R R
AL 34 ) 2 8] H (SVRO) B B BE 6% 75 4R Y 5
J PE AT 2% 2] g oy 2 IE) A B T LA
SRR AR LU S BE 7. BE AL AR MR B (RED )

Wi B 2023-02-10. & [E HHF: 2023-03-15

NXEHS: 1000-7709(2023)07-0075-05

Ho25 A W R ) 22 %k B 45 RS i RE . %
1 A SR BB AL 2R bR 5 S 1) (0] U 45 /9 O
T A B 2R M P ol )R R M O 99 A £ S
L OF 5 L5 15 e iy i L 5 3 AR ik R AT
LU 5T AR 52 2 7K T M & B 0 ol e B0 A Ak
A v A

2 WRAE

21 BEHLFRKAEEY

BEDL AR AR R (RF) LA S W ol JE A gt
ST A 2890 B (Bagging) B 1% 42 W £ B 0 5K B
(14— Fh B B 2 o R RN e TR B e S £ 1 AR o
PR AR AN BUEE COOB) 1T T 3 AG FE A 4 o 43
ANFREAE X AR 1) BT R R B A5 B A T RR AR i B
PEVF 3. TR T BRUSR RS R OOB 48 45 1
B sk 2z mwm{M, \M, -, M} 5, % OOB Hr i)
FEAERE X, (B = 1.2, ,m) AW 4 3 )5 5
B e SRR R AT B L T BRR AR AR e X, A
Wah i ik 248/ d, A 215 2 AN FRAE
B EZEMETS V, .

HETR: ERE A LI (2021 YFC3200303) 5 F K H AR # 3 AHH (51979113,52039004)

EB B : PRI 1993), 5 BULAF T AR B 5 5 1] SR 7K o AR IR

@hust. edu. cn

RGN E 5K FIE B AL, E-mail: m202074016

BWAEE : SEIEA970-), 5 B 5 AT 58 5 1 7K vl RE TR AR 4t U0 Ak 0 B R U 3 7 5 Tk R 45, E-mail : hqin@

hust. edu. cn



o 76 o KoOH

e WO

2023 4F

d, =[M, M,, s+ M,]—[M, M,, M,
(D
V., =avg(d,)/std(d,) (2)
K My, X e DNRIEINAL S G5 T Bk
AT B 0 ¥ 07 5k 2% 5 ave (dy) N dy B9 BIME
std(d, ) h d, BIFRIEZ .

v e — R AR X AR Y ) N7 5 e A R, U)X
T3 J5 X8 35 77 5k 22 52 Wil 5K, Bl AL AR AR OE 2 i
Job 33X — PR A AR Y
22 ZHmE=EENAT

SR ENH (SVRO BERLEE T VC i i,
K FH 235 4 IR IS o /0N it 380 38 o 1) g 4 o 1E 2 ] 3
A7 AE Ze Pk B oK A U0 A, %k T 3 B A AR AR I 5
B {r T (x, € RV, T, € Ry i =1, 2.+,
N, 15 3 e v ol AR it 2 04 oK R S, B

Liwn = fsvr (@) =0 ¢(x) +b (3)
Ko WEE M & o HARLMEBST 0 S B0

SIAFIAS B H T 7 35 FU 8 R B, SR BUT 51
e /N AR B vk SR A S5 AT A5 8] SVR 6 T
Az BB R S sor (2)

.
Few(a)=D[(a, —a DK (x,.a)]+b (4)
i=1

Ao o, WHNHBHFET; Kz, .2) A
2.3 RF-SVR &3

PABEALAR AR50 1 o A 08 52 20D (EAE
SVR B RFAE G 2 AR A o 2 57 Ft il 8] 3L 6 ) B2 O R
(9 RE-SVR 1Y, 42 40 Fi 34 (1] 30 12 g o7 ) A 2k
KA BT,

IR B YA R TR AR T A AR
iy sz is A5 Bl I R e U 4k

HBR2 R ISR A B dE A B AL AR bR
B R e R P A T R AR

FB|3  E SVR BRI AN 7588 =,
$ T BNV 20 P HE P MU 25 D R I 3 g A
P45 # 2 i  A E N 2 4 Bs a Sr O
g5 SVR BB, 1) I 120 4 B30 1 5550 B T 245 2R
Y35 R R 22

S]A HIBON R R B AN T i
8y e L A DR 74 BRIV A SVR By f
Ll R,

3 EHUAEZE

5% CHEN X %5 i St , SR FH 4 il o6 £
i ASLADLIA B D7 1 DA 25 Y B RS B R T B
7K Rt ) A L O JRE R ) 5 R L T R

SE R T S bRz AT i R SR R AN [ A AR 2 R i
HL 3l AP B0, AR R T iR sl % o i 445 SR AR R AR
AR UL RE

3.1 Bl Tk R a7k £ B R L B

6T K B 3 56 A 9 B S o 1 B o
B AR KA AR A B 5 AR B R AT 10 Ak R A L AR 4 K
e S 5 T 4 ALK R 3k 4% B B R R R RS TR R
HL o, 7K A R R

V.G+1D=[I,)—Q,)]ac+V, ) (5)
KPL VOV G DRI § oK R
¢+ 1 B S R KA R G R
W1, () .Q, (O HINE j FoKHIFAESR ¢ i)
B A RE MR R s A B BER B

B KA — ER RN

V, =f(Z) (6)
K. Z N GOk KA.

B HIOK AN S5 X 8 B ) A 3 AT O Ak SR fige it
U HL S A PR A O 25 2 5 B0 R R
BRI RO T i s KA
SRR R SE PRz AT I AR B 5 CRTRR A [ 7K
PR L az B AN [ (045 0 A 9 o 3 A O
T owe JEH L 2 (5) L C6) B 2 R Ui L il 114 2 0 4
FERE 5 Ui E O S B S R AT L MR
A T e AR b ol T AR RE 1 BT R AR Y
K KR R R 2
32 BEIETHHEREMNELRE

6 K B 3 56 A 8 B S S tE e o
P HIALAL 5 I T IF B B 2 ] E 0 R R
8, M K S48 i 2 TRl 45 K B S 2 4T H
2T Y RS S PR AR 5 R e R A A B
et g AR g 2 45 KIS KR A 2 7 A KA A R AU
fo EEDKA TR ML 2iafr. HIL, RS ZF
BRI B D7 v BIVRE T T R i 0 1 2R O o o R R
SRS AT L B CRTAR A [ A =) % R
)RR 150 Uit FL 3 AR TR B T o JT B K
T 5 R AR Ul A K S L 5 R iR
il S K ASE SR AT R L A B K ERL S 9 R ) S it
AR e el AR AL B A ok i XU

i A AT 0L B Oy 3K, AT Ok B AR
AR B M 2% P 3k 0T R 3 v a4 D e o i DG
FARIAT , 76 77 G il 52 S PAT W BT P A iR 22
4 THI A7 o 45 A5 A B

K 1 TR 5 AR VE [ E KA [ E
PERLT BB R

[ 7 KA 2 A 0 L o i 22 48 b E . i T
BEA I B A 7K i 15 22 o I Ik DL FE K SR A



RIS AR B MRS K v S 409 B v A vl s ] 3 ik e B G R T Y

o« 77 o

®1 WHENEEFERTNIER

Tab.1 Evaluation index of two simulated dispatching methods
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Tab.2 Alternative characteristic factor set of the RF-SVR model
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Fig. 1 Variation trend of RMSE with the increase
of input eigenfactors
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Tab.3 The optimal characteristic factor set of the RF-SVR model
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Tab. 4 Calculation results of evaluation indicators of
each model in the test set
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Tab.5 Evaluation index of each model in fixed water level mode
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Study on Inter-station Flow Response in Short-term Operation of

Jindong-Guandi Cascade Hydropower Stations

LI Jun-cong"’,ZHANG Yong-chuan"",QIN Hui"",FANG Wei"", YAO Jia-hong"", HUANG Jing-wei""
(a. School of Civil and Hydraulic Engineering; b. Hubei Key Laboratory of Digital Valley Science and Technology,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: This paper aims at the complex flow response relationship in the short-term joint operation of Jindong-
Guandi cascade hydropower stations in Yalong River basin. In order to predict the inflow response process of the Guandi
hydropower station, the random forest (RF) model and support vector regression (SVR) model were combined to mine
the nonlinear relationship, and compared with the traditional lag-time model and the Muskingum model. On this basis,
two simulation dispatching models were established to test the applicability of each model in the short-term operation of
cascade hydropower stations. The result shows that the RF-SVR model has a higher fitting ability for the flow response
relationship between hydropower stations, which can reduce the errors in the formulation of short-term dispatching plan,
and effectively reduce the deviation of daily generation and the risk of water level violation. The research results can pro-
vide a reference for making short-term dispatching schemes of cascade power stations under complex hydraulic connec-
tions.

Key words: flow response between hydropower stations; short-term operation of hydropower station; random forest;

support vector regression
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Applicability Evaluation of Potential Evapotranspiration Estimation

Methods in the Red River Basin, China
ZHANG Ji-hui",CHEN Jun-xu"",FAN Yun-jiang", TONG Jian-hang",
YANG Fu-rong",HU Zhi-wen®,SHAO Bi-tao’
(1a. School of Earth Sciences; 1b. International Joint Research Center for Karstology, Yunnan University, Kunming
650500, China; 2. PowerChina Kunming Engineering Corporation Limited, Kunming 650000, China;
3. Yunnan Surveying and Mapping Institute, Kunming 650011, China)

Abstract: Evapotranspiration is a key process of energy exchange in the terrestrial-atmospheric system, and the se-
lection of a suitable method for its accurate estimation is the basis and challenges to revealing the energy exchange process
and the mechanism of Land-Atmosphere coupling under complex topographic conditions. Based on 60 years of meteoro-
logical data from 25 stations in the Red River Basin, China, the FAO56-Penman-Monteith method was used as a bench-
mark, and the MK statistical tests and Taylor diagrams were used to evaluate 8 potential evapotranspiration (PET) esti-
mation methods from five aspeacts. The results show that the radiative methods Priestley-Taylor and Hargreaves had the
best applicability, their results were closest to FAO (R°=0. 9); The temperature methods McCloud and Linacre were
followed; The mass transport class methods Rohwer and Penman were worse. This study not only provided a highly a-
daptive PET estimation method for the Red River Basin, China, but also revealed the spatial and temporal distribution
characteristics of the PET.

Key words: potential evapotranspiration; radiation method; temperature method; mass transport method; Red River

Basin





