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Measurement and analysis of operation efficiency of regional Water-Land-Energy-Food coupling system based on
HPO-SVM//LIU Dong'***, ZHOU Zihe' , ZHANG Xiangmin’, ZHANG Liangliang', QI Xiaochen'( 1. School of Water
Conservancy & Ciil Engineering, Northeast Agricultural University, Harbin 150030, China; 2. Joint International Research
Laboratory of Habitat Health of Black Soil in Cold Regions, Minisiry of Education, Northeast Agricultural University, Harbin
150030, China; 3. Key Laboraiory of Effective Utilization of Agricultural Water Resources of Minisiry of Agriculture and
Rural Affairs, Northeast Agricultural University, Harbin 150030, China; 4. Heilongjiang Provincial Key Laboratory of Water
Resources and Water Conservancy Engineering in Cold Region, Northeast Agricultural University, Harbin 150030, China;
5. Heilongjiang Nihe Reservoir Management Office, Lanxi 151500, China)

Abstract; In order to systematically evaluate the water-land-energy-food ( WLEF ) coupling system operation efficiency in
Jiansanjiang Branch of Beidahuang Group, the evaluation index of the comprehensive evaluation index system for the
operational efficiency of the WLEF coupling system were screened based on the R-clustering-factor analysis model, and the
operation efficiency of the WLEF coupling system of the Jiansanjiang Branch was evaluated by the hunter-prey optimization
improved support vector machine ( HPO-SVM) model, and the performance of the HPO-SVM model was analyzed. The
results show that the operation efficiency of the WLEF coupling system in the Jiansanjiang Branch company has generally
shown a fluctuating upward trend from 2002 to 2021, with an average annual growth rate of 3. 24%, and its spatial
distribution shows a trend of being higher in the southeast than in the northwest. The key driving factors affecting the
efficiency of the system operation are the proportion of effective irrigation area, per capita agricultural output value,
cultivated land productivity, agricultural machinery input index per unit area, the proportion of water conservancy project
investment, and the energy consumption of ten thousand yuan GDP. Compared with the other two models of comparative

analysis, the HPO-SVM model shows significant advantages in fitness, stability, rationality, and evaluation accuracy.
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Fig.1 Overview of the study area
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Fig.2 Conceptual framework of the operation efficiency of WLEF coupling system
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Table 1 Selection of evaluation indicators for the operation efficiency of WLEF coupling system
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Table 2 WLEF coupling system operation efficiency classification standard
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Fig.3 The inter-annual change trend of WLEF coupling

system operation efficiency of Jiansanjiang Branch

[E] N, 2003 4F H B0 — A4 /INME s TR B 2 d /S
fHA5(1.810) , eI 1T RICRAFHAL T 1T Zfh T 7K
F-52003—2007 435 17 0% 2 el 1 Ko 7F
2007 AEFREE — N KR AE 2 (3. 283) , 18 fT AR S
K F- 2 W e fh K- 52007—2012 421750
RE TR T8 2009 4E [0 R IFSh B4 )
JAME(2.966) , BLBT B 1T R0CR 5 % 2= % fw T
TKF-;2009—2012 4F328 11808 B A4 $2 71, 2012 4F
IRF S A RAEAT, [R] Bf AB 2 d RAB A5 (4. 048)
BATRCRAEG N G g F 7KF T+ 2= IV e fi b K
2012—2021 445 17 & % B4k - g g, 3
2018 4F H A = AN /IMA A (3. 631) , BEHTIZE 173K
RERFERN K T /KF;2018—2021 iz 74504
A W B 2021 AR OB A S R E R
(3.898) ,iBFTRCHE NIV G i 7K [ 2] IV 2 Hh i
K-, HRE DL WLEF #84 R Stis 17 ROR A7 bRk
B, AR AR BR AR AL Ay S 5 A B B SR — B B
(2002—2007 4F) N .2 E T, 8 B Bt (2008—
2009 4F) hy 5 2 N BRI £ = BE (2010—2012 4F)
MEa ETHB S IR B (2013—2018 4F) Jy KT
ZENS R R A T B (2019—2021 4F ) K FAa
A B,
. 252 -

TIER VY, HAR 12 DR 92009 4EiatT
ROEFAE T MM T ACE w1902 M4,
AR ALYt M T2 IV 2%, 8 i IV 2% 2= 1
G, HAh A B T R0R A8 O /NI 5 BRARAT 4 4
JFA 25252012 AEBATRORAE T IV 9w oK is
FIRCRIEHAE 2000 #2150 T 33% , MAFFE I N EE — A4
W KA, TR 2 R R, B R T =
e, “IEI R IVHTE RV G, B A g R AR
Hoax 11 MRS R A ERIERAT  FR X B TR0R 2
b E Il #; 2018 AFiE 1T 80R A F IVH AR T K
- BEET BT X P S5 S — AR MBS B TRCR A
32012 AEA TR WV E R HTHE BT\
JUH IV R 2 2K, B AR HE AR A BT BEARAE S ik
SRR R, 2021 AEIBATARCRAE T IV %k
7 o 7 W 11 v | EA W LA = T 2\ W (8 7
IBITRCRIR B MR KAD FE AR,

RN G =153 A "l WLEF # & &40z
FT20 3 25 (B 6 Jmy 1) B T80 38 A8 5 4E  F R [l 4k 3
2002—2021 4F (1) 48 #r £ 4l 18 A 3] HPO-SVM A5 44
153 & 435 2002—2021 4F WLEF 4 RS E1T
BCRAE R GBI TRORER, B 5 N =1L A Rl 4%
A WLEF #5 RGBT TREEZES

H & 5 A) A, A =T 40 4\ ) 2002—2021 4F
WLEF & R G038 1 T8CR K25 18] 40 A S TR 7R R
WG T AL R A, 2G5 E 4 WTLUE



(d) 20124E

<A y .
¢ : 0

s =AL 7 { q L
A NI P W = | >

(b) 20074

(e) 20184F

A
1 @ y W %
B G vl  mIZ
7 Y B i
.\/ » [ ‘\‘ el I3
. e
r : VY
| _}
0 25 50km
() 20094F

(£) 20214

4 E=IHAT WLEF B8 RAEITHRTEEDT

Fig.4 Spatial evolution of WLEF coupling system operation efficiency of Jiansanjiang Branch
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