e B SIS S R
% 1L
{ I ﬁ hEI RO ET

XRiPIZiis bttp. //www.aed.org.cn

N

BRVGE B AL RSB R E RS ER
WrdE, MitEiR, AT BRRE, R3]

FIHIAL:
WREE. AIE0E, T BREE, 45, BRVG 2R B A7 AR B A5 T3 B 23 18] 3 A 22 5 (). ARV BT BRI 27412, 2026, 43(1): 91-103.

TELR %12 View online: https://doi.org/10.13254/].jare.2024.0925

AT REBOGEBR  HAN S

Articles you may be interested in

Hb PN 2555 Tobi v AU 7 5 74 1l DO B AR 77 R0 B S PR -4 B v i) E A
PRAC, AR T, Ty, B B, 450, 5Kk, WS
LMV BRI 4] 2020, 37(6): 818-828  https://doi.org/10.13254/j.jare.2020.0482

BT A A RUTAG 9 A4/ IN2E - B KB 3R Gt e il A% B —— LA LU 2R A o 2 1l DX g 5]
KK, 2RI, EEE, ARbER

MV RSB HR. 2017, 34(5): 473-482  htips://doi.org/10.13254/j.jare.2017.0180
B X MR FH A R SR P il B G R ST

LK, ek, B, ikt
LMV BFIR IR 2017, 34(4): 319-327  https://doi.org/10.13254/j.jare.2017.0066

FTK-BEIR-AR B A7 5 R A FEREE AT RIS
IR, WEXAE, R, TR, RRT
LV BT S PRI AR. 2020, 37(6): 875-881  https://doi.org/10.13254/j.jare.2019.0639

FET I 2SR RS B S A ST

R, SR, AW, RyT
A FEIR G B2 2021, 38(6): 1064-1073  https://doi.org/10.13254/j.jare.2021.0542



http://www.aed.org.cn/nyzyyhjxb/ch/index.aspx
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2024.0925
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2020.0482
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2017.0180
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2017.0066
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2019.0639
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2021.0542

R &R S IFIEZFH 2026,43(1): 91-103 Journal of Agricultural Resources and Environment

WREE, WiER , MTIHOE , 45 . DRP AR A A RCR Sl A AL R A3 IR 43 A5 28 57 ). AL BHIRS PRI A4, 2025, 43(1): 91-103.
CHEN X, YANG H J, FU LY, et al. Dynamic changes and spatial distribution differences of grain production efficiency in Shaanxi Province
[J]. Journal of Agricultural Resources and Environment, 2025, 43(1): 91-103.

4

BRAEREE RIS ETRTEASTHER
&', MR, AR, xR’
(L PG R2EME T SEREE A0, VE2E 710127; 2. BP0k £ MRS 7T e, P2 710127)

BRI L (D SO A7 RO, PR Rt TR £ 2 4R BEBNE SR . ARSI T DEA-Malmquist £ SO RN T
2000—2021 4[] Bk P4 101 45 (i) AR A BeR h AR A TS 00, TELEEAR T F ] Kernel % FE eR XA Dagum S & 248, 73 HrBk
PR LR RCR A B A AL 1 P B 225 1) 3 A 2 5 1) T BRI . 255 T 1 2000—2021 4F, BR P 45 R0 0 Ml XA £ A 7 RO AR
I ARG E 1.60% ; FOR L R MR A 7 ORI TH A R B 5 10148 (DA 69 AL (D AFAEA A R B B BEATUAR
R E T TR B A BCRTE R Bl b BT SRR S Je PR . A R 3 3t DR A 7 AR I I ks T — B (HR AR
PR S (ARSI BT o R 23 DR B A 7 SR A i B ARG, BR AL BRI 5 r e vl i X 2 [8] ) 22 57 s () AR B 1 b T i
FEORYE . 2000—2021 4F , PP 4 R AR P RCR R AP GG ANl IXC 3 LA B0 RHHK 45 22 5 3 UKL D A= 7 8 s )R
Ptk BTt AR BN TR BHEOK - o2 iR R AR A AR AT RO BRI P DAy AT, S A
e PG A MR B A AR

KR AP RCR s A5 431 s DEA-Malmquist 35 50808 5 h A A5 3 3602 R AL

doi: 10.13254/j.jare.2024.0925

Dynamic changes and spatial distribution differences of grain production efficiency in Shaanxi Province

CHEN Xin', YANG Haijuan", FU Luyao', LIANG Yingming’

(1. College of Urban and Environmental Sciences, Northwestern University, Xi’an 710127, China; 2. Shaanxi Institute of Urban and Rural
Planning and Design, Xi’an 710127, China)

Abstract: This study aimed to provide theoretical support for ensuring local food security by investigating grain production efficiency in
counties (cities) of Shaanxi Province. Based on the DEA-Malmquist index model, the dynamic changes in grain production efficiency
across 101 counties (cities) in Shaanxi Province from 2000 to 2021 were calculated. Kernel density functions and Dagum Gini coefficients
were utilized to depict the dynamic change process and the primary sources of spatial distribution differences in grain production efficiency
in Shaanxi Province.The results indicated that from 2000 to 2021, most regions in Shaanxi Province experienced a steady increase in grain
production efficiency, with an average annual growth rate of 1.60%. Technological progress was the main driver of the improvement in grain
production efficiency. Among the 101 counties (cities), 69 exhibited varying degrees of input redundancy. Kennel density analysis showed
grain production efficiency increased over time but with fluctuations, and the growth rate accelerated over the period. Most areas in the
province showed consistent trends in grain production efficiency increases or decreases, although spatial non—uniformity in grain
production efficiency rose. Some regions had extremely high or low grain production efficiency, with the disparities between northern
Shaanxi-southern Shaanxi and central Shaanxi—southern Shaanxi being the primary contributors to this spatial non—uniformity.From 2000

to 2021, grain production efficiency in Shaanxi Province steadily increased. Differences in infrastructure and technological levels among
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different regions led to rising spatial non—uniformity in grain production efficiency. Moving forward, it is recommended to focus on four

aspects: enhancing agricultural science and technology levels, stabilizing grain planting areas, optimizing input redundancies, and

maintaining balanced agricultural policies. These efforts aim to comprehensively improve the grain production efficiency in Shaanxi

Province.

Keywords: grain production efficiency; spatial distribution; DEA-Malmquist index model; dynamic change; Kernel density;
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Figure 1 Malmquist index of input—output efficiency of grain production in Shaanxi Province
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2 2000—2001 FEFEF &R & FF3E Mamquist 15U 5 il

Table 2 Mamquist index and decomposition of grain production efficiency in Shaanxi Province ,2000—2001

£} Year TE PE PTE SE Malmquist £ 4%
2000—2001 1.079 1.042 1.051 1.027 1.125
2001—2002 1.032 0.934 0.989 1.043 0.964
2002—2003 0.823 1.244 0.939 0.877 1.024
2003—2004 0.908 0.622 0.966 0.940 0.564
2004—2005 1.197 0.824 1.102 1.087 0.987
2005—2006 1.351 0.584 1.248 1.082 0.789
2006—2007 0.988 0.963 0.956 1.033 0.951
2007—2008 1.059 1315 1.006 1.054 1.393
2008—2009 0.987 0.822 1.043 0.947 0.812
2009—2010 0.994 0.923 0.941 1.057 0.918
2010—2011 0.941 1.016 1.009 0.933 0.956
2011—2012 1.070 0.893 1.059 1.010 0.955
2012—2013 0.856 0.926 0.969 0.884 0.793
2013—2014 1.015 1.246 1.249 0.812 1.265
2014—2015 1.100 0.795 1.000 1.099 0.875
2015—2016 0.915 1.104 1.000 0.915 1.011
2016—2017 1.112 1.471 0.809 1.375 1.636
2017—2018 0.799 1.534 0.862 0.927 1.226
2018—2019 0.828 1.834 0.937 0.883 1.518
2019—2020 0.922 1.170 0.932 0.990 1.079
2020—2021 1.027 1.056 0.983 1.045 1.085

P 0.992 1.026 0.997 0.994 1.016

3 BRAA MK RE EFHE Mamquist IEEUR 53 77

Table 3 Mamquist index and decomposition of grain production efficiency by region in Shaanxi Province

H X Region TE PE PTE SE Malmquist £ 4%
SELET 0.983 1.070 0.991 0.992 1.051
g 1.012 1.075 1.015 0.998 1.088
GG 0.978 1.048 0.995 0.983 1.026
Al )1 T 0.993 0.999 0.997 0.996 0.992
THF T 0.991 1.011 0.993 0.998 1.002
Py 1.033 1.009 1.007 1.025 1.041
BRI 1.005 1.044 1.016 0.987 1.047
R 0.973 1.002 0.986 0.986 0.975
R 0.967 0.994 0.978 0.989 0.961
BT 0.979 1.004 0.996 0.982 0.983
V-HME 0.992 1.026 0.997 0.994 1.016
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Table 4 Redundancy analysis of grain production inputs and outputs
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Figure 2 Dynamic changes of grain production efficiency in Shaanxi Province
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Figure 3 Malmquist index of input—output of grain production in Shaanxi Province from 2001 to 2021
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Table 5 Gini coefficient and decomposition of Malmquist index for grain production

input—output efficiency in Shaanxi Province
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