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Input—output efficiency of agricultural resources based on the water—energy—food nexus

ZHOU Lu-ming"**, XIE Xing—hua™, ZHU Zhen—de'?, WANG Lu-xiang"**, WU Jun-yu'*’

(1.Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing 210098, China; 2.
Jiangsu Research Center for Geotechnical Engineering Technology, Hohai University, Nanjing 210098, China; 3.State Key Laboratory of
Hydrology—Water Resources and Hydraulic Engineering, Nanjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract: Taking 31 provinces of China as the research target, an evaluation index system with agricultural water consumption, agricultural
energy consumption, energy consumption of irrigation and drainage, and water consumption of energy production as the input variables and
total production of the main agricultural products and gross domestic product of the first industry as the output variables was established
based on the water—energy—food nexus in agricultural production. Data envelopment analysis (DEA) was used to calculate the input—output
efficiency of agricultural resources in China from 2010 to 2017, and its temporal evolution characteristics were analyzed. The results
showed that 19 provinces in China had not yet reached the DEA effective state, and the input—output efficiency of agricultural resources in
most regions had large room for growth. The comprehensive efficiency of 20 regions was mainly affected by the pure technical efficiency,
while the pure technical efficiency of Ningxia, Gansu, and Xinjiang was clearly backward and the resource utilization efficiency and
management level need to be improved.
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Figure 1 WEF-Nexus of grain as output target
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Table 1 Index system of DEA model

FEAR A Index types FEFRNZE Index contents

PSR R Al K (2 m*)
BB it (25 ABNE) B 4t (OF cal)
HEREFERE (RLAE S0 1 (7 tce)
REDR™ b 2™ K (7 m?)
EEEE FEAG RO O

#—7 )\l GDP(fZ7T)

2.3 BURRIREmALE

AHFFEBEH 2010—2017 47 31 48 (1T  HIRIX)
KRB TR UL R B 7 AR A B AR S IO
X4 Bk IR T b E G AR S ) I P E R S
AR M, TR 3 TC s HE AR O B o e LA
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e HHEORE T E SR ) . BRI b (R 2 Ak
JED A A HERERERE S (HLBE B4 ) B F 2R 7 it ™
R T Ch ERAN G IHAESD) . BRI .
BEIE BRIE M S8, A 5 rh A ARG, R 2545
BB S R S5 AR S e U B SE TR | oA
FEHERM SR N EHTHHE . RIVEEFERE
G — &AL 5 R 25 i B, AR (RO BR 22 5%
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14723, BT IR B 4900 3.6.27.0 m -t

3 ER5HMH

3.1 3IAEB RN HHR LA ER

VEHL BC2 AL 1Y, v FH 2% 1 By 45 F5 1K 2 F1 DEAP
2.1 BB 31 48 4 2010—2017 4R 4L 4% A7
UK (IR LEARCR A ARBCRABRCR) . B
FEOr AT 4544 1 DEA FH X A5 201 Bl i [ 17 2% £k 155 50
(ZEARCRAEN 1, W R BZ A O 8 A ™= 2 8K
() o 2548 Dy AR M B IR A A 7= H A 2545 RICRABURI 7 4
EEHER IR R 2,

M2 mH, REA 1208 0B Lk %4k
DEA A RCIRA, FHod I AR 708 VE IR L 5 MR T A
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Table 2 DEA comprehensive efficiency of different provinces from 2010 to 2017

By Provinces 2010 2011 2012 2013 2014 2015 2016 2017 F-Y{H Average value  HE44 Ranking
Jeat 0.832 0.789 0.793 0.851 0.880 0.860 0.946 0.748 0.837 15
K 0.650 0.597 0.585 0.587 0.658 0.645 0.644 0.658 0.628 27
buE(d 0.867 0.855 0.852 0.871 0.863 0.836 0.787 0.753 0.836 16
g 0.770 0.786 0.862 0.846 0.881 0.824 0.707 0.850 0.816 19

NS 0.668 0.676 0.649 0.644 0.613 0.567 0.508 0.578 0.613 28
fisy 1 1 1 1 1 1 0.910 0.878 0.974 9
LN 0.859 0.852 0.856 0.826 0.800 0.794 0.717 0.848 0.819 18

BRI 0.677 0.697 0.736 0.763 0.744 0.755 0.697 0.823 0.737 22
i 0.715 0.669 0.684 0.656 0.663 0.606 0.696 0.539 0.654 26
TR 0.663 0.687 0.707 0.712 0.704 0.736 0.695 0.639 0.693 24
FiRAN 1 1 1 1 1 1 1 0.899 0.987 8
L 0.666 0.641 0.679 0.669 0.710 0.672 0.648 0.649 0.667 25
Biyes 0.992 0.987 1 1 1 0.977 0.976 0.816 0.969 10
7IPg 0.926 0.908 0.906 0.914 0.925 0.882 0.866 0.815 0.893 13
TR 1 1 1 1 1 1 1 1 1 1
N 0.952 1 1 1 1 1 1 1 0.994 6
il 0.700 0.693 0.734 0.717 0.734 0.691 0.725 0.679 0.709 23
1] 0.949 0.959 0.941 0.906 0.861 0.811 0.793 0.625 0.856 14
IR 0.843 0.813 0.795 0.809 0.802 0.769 0.749 0.648 0.779 20
I 1 1 1 1 1 1 1 1 1 1
fis3Ee) 1 1 1 1 1 1 1 0.905 0.988 7
Gi)N 1 1 1 1 1 1 1 1 1 1
Py 1 1 1 1 1 0.936 0.921 0.883 0.968 11
bl 1 1 1 1 1 1 1 1 1 1
P 0.749 0.796 0.815 0.822 0.804 0.783 0.703 0.732 0.776 21
VU 1 1 1 0.898 0.891 0.950 0.942 1 0.960 12
By 0.786 0.842 0.860 0.858 0.830 0.864 0.802 0.830 0.834 17
HR 0.624 0.561 0.559 0.572 0.566 0.590 0.554 0.588 0.577 29
i 1 1 1 1 1 1 1 1 1 1
TH 0.455 0.452 0.452 0.448 0.468 0.500 0.476 0.433 0.461 31
B 0.600 0.523 0.554 0.548 0.486 0.501 0.433 0.449 0.512 30
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Table 3 Change of DEA efficiency ranking of different provinces
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Figure 2 Change trend of comprehensive efficiency

in typical provinces
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Table 4 DEA efficiency of different province in 2017

GrAICE

A AR

(=gl C Lo P brsical FBLRR
Provinces omprenensive e .te.c ed Scale efficiency
efficiency efficiency
dtat 0.748 1 0.748
Kt 0.658 0.785 0.838
ik 0.753 0.774 0.973
117G 0.850 0.900 0.944
e 0.578 0.582 0.993
oy 0.878 0.882 0.995
bk 0.848 0.868 0.978
2IpIL 0.823 0.906 0.908
it 0.539 0.825 0.653
LI 0.639 0.761 0.839
WL 0.899 0.955 0.942
LR 0.649 0.649 1
by 0.816 0.868 0.941
PN 0.815 0.844 0.966
AR 1 1 1
TR 1 1 1
il 0.679 0.805 0.843
1] 0.625 0.688 0.909
IR 0.648 0.735 0.882
S 1 1 1
ot} 0.905 0.922 0.981
GilN 1 1 1
Pl 0.883 1 0.883
GOl 1 1 1
P 0.732 0.749 0.977
VU 1 1 1
S| 0.830 0.838 0.990
Hok 0.588 0.600 0.980
HiF 1 1 1
TH 0.433 0.466 0.928
e 0.449 0.465 0.967
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