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Regional Differences in Cultivated Land Utilization Efficiency and Its

Influencing Factors for Major Grain Producing Areas in China
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Abstract: [ Objective ] The main grain producing areas have an important strategic position in achieving stable
grain production and supply. The cultivated land use efficiency and its spatiotemporal evolution
characteristics in the main grain producing areas were studied to promoting the efficient use of cultivated land
resources in the main grain producing areas, and ensuring food security and realizing sustainable agricultural
development. [ Methods] The two-stage dynamic network DEA model was innovatively used to measure
cultivated land utilization efficiency of 179 prefecture-level cities in the main grain producing area from 2010
to 2020. The spatial and temporal evolution characteristics of cultivated land use efficiency were analyzed by
ArcGIS visualization technology and kernel density estimation. The Tobit model was constructed to explore

the influencing factors of cultivated land utilization efficiency. [ Results] The overall efficiency level of the
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main grain producing area from 2010 to 2020 was characterized as “small decline-rapid rise-fluctuating
growth”, and the overall efficiency level was low and still had great capacity for improvement. The efficiency
level of the production stage was always higher than that of the consumption stage. The gap between the
efficiency levels of the two stages had a tendency to further increase. The increase in cultivated land
utilization efficiency in the main grain producing area was influenced by the combined effect of the efficiency
levels during the two stages, with the production stage being the main driver of efficiency improvement.
Resistance to improvement came from the efficiency during the consumption stage. By region, cultivated land
utilization efficiency followed the order of Songhua River basin™ Yangtze River basin™ Yellow River basin,
with significant regional imbalance. From the spatial point of view, the overall efficiency and high value areas
of production stage efficiency were spatially distributed from northeast to southwest, and gradually formed a
spatial pattern of “high-high” clustering and “low-low” clustering. The high value areas of consumption stage
efficiency showed a discrete distribution pattern, and did not show the development trend of convergence in
the direction of improvement. The external influencing factors of the overall, production, and consumption
stages were different, involving the level of socio-economic development, urban and rural development,
science and technology, and agricultural infrastructure construction. There were significant differences in the
intensity and direction of different factors on the overall and sub-stage cultivated land use efficiency in
different regions. [ Conclusion] In the future, the main grain producing areas should not only explore the
path of regional differentiated cultivated land use, strengthen cooperation among prefecture-level cities, but
also focus on the convergence speed of efficiency improvement in consumption stage and the coordination
with the efficiency gap in production stage while improving the efficiency of production stage.

Keywords: cultivated land utilization efficiency; spatial and temporal characteristics; influencing factors; DEA

model; major grain producing area; China
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Structure of cultivated land utilization efficiency measurement in main grain producing area
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Table 2 Indicator selection and description of influencing factors of cultivated land utilization efficiency
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Fig.2 Mean value of cultivated land utilization efficiency at different stages in major grain producing area from 2010 to 2020
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each city in major grain producing area from 2010—2020
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Fig.4 Kernel density curve of cultivated land utilization efficiency in major grain producing areas from 2010 to 2020

3.3 #Ht A AR ESMEB RN E K S AT i A A AR R R B I BEAKCR B 3 ) AR AR T 5 I
AR SO e B AR B 7 OB A SR AN AR AR S RO X AR A 7 B Bk R LA 7 1) S
5 ) DA 2R AR b v A AL L LB AR Tobit BEALE Bl Sk 2 YA FLRY IR AR KR R 5 97 3h 7 D AR
R T SEVE AR A . AT AT A AT AR B RS R BT RS L T BUR KPR L e AL L R
77 DB M A 28R B0 A0 B R R DR R )k B RS REAR O SRR 57 ) g e I 33K 2 R B L B 78 5
RN Ty BoCR 47 [ 20 #r BUACAO B2 A 7 R AR 22 HOR B 4 ) HAT — &
H1 2 5 AT UL, Tobit B NAZERFZW], b g5kt AIBHARAEI S EOR # BOR B AR AR IR 22 0 A
BRI BE A 7 W BOSO B BB A T RBOR HAT IE B BOOR P A — R i T R AR A B
RVRZ I A — 7 LU ) A B v AR S R M KB X RIS NN 2 B BOSCR B I 1 R . B R
Mo S A HE T R A 58 — = T o5 BB A R R AR IR T 2 TR S AR AR 7 B TR B Rl DR
A Al 7= Ml 4% 0 & Jie 5 58 36 L kA A BE s A A SE B B R A 4 R e S Y L B L
FHRCREETE 5 [ 8 W 7= 4 e 25 W BEACR BUA iy A R ARl W8 U A 2 BRI 5 0 T AR 7 B B R
Wi 350 Y ] ) B — e R L LB B s A kR BAT S S HI R G A B U AR X
PR TH . SRELAL AP X B PR R PR Y B B AR AR B BOAT REAT AR — E IITAR .
THEA e SR T nl BE R SRR BE A B K 932 3.4 RERBRMES
T A T Ay 53 3 377 R B ST S W AT DAAR B A R 2k B B 327 DX N A [ 3l X ) 2 22 57 K
Mt I3AN NI A 6 K7 I 2K W BE 2 3271, AR BRI S 2R R DA R 2 4Rk A [A] DY 3O AR



214 K = O 4 i

544

DX PA PR AN ] b DX 11 45 [ B A0 b 1) 2580 23 52 Wi 5 88
ST 1) ] REAFAE 2 35 22 5, P R 3CiE T Tobit

T3 530 Xof B Y A VI I B A A VL U A B B
3 ) AR5 W DR 3R AT S PR AT

x5 MEEIFRHBHARERLMERIN

Table 5 Analysis on influencing factors of cultivated land utilization efficiency in major grain producing areas
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Table 6 Analysis of regional heterogeneity of cultivated land utilization efficiency in major grain producing areas

i Bt A 1SS BT I 4k VT3 8k FAFE VT 3t 5k
Vil | &2 3] —0.000 2(—0.22) 0.001 4(1.47) —0.000 3(—0.26)
# bl Agaeks'd 1y 0.016 9" * (3.86) —0.011 1(1.54) —0.002 5(—0.26)
ZN I Ak K 0.000 7" (1.95) 0.002 6" (3.91) 0.002 0” * (3.09)
% W2 JE RICA L 0.006 8(0.58) 0.053 3" " " (4.24) —0.083 6" " (—2.51)
& B K- 0.023 97" " (3.99) —0.010 2" * (—3.47) —0.012 7(—1.17)
A S ALTE B —0.003 1€0.70) 0.011 7° %" (4.85) —0.027 0° " " (6.60)
FElk 454 0.008 2 * (5.06) —0.001 0(—0.61) 0.001 8(0.56)
E &5 % 5% 7= 4% 0% 0.008 2(0.55) 0.007 8(0.69) —0.073 1" (—2.76)
7 IR EH ALK —0.000 5(—0.71) —0.003 8" * (—3.52) 0.002 6" " (2.42)
7 W2 R REALL —0.104 977" (—4.4D 0.040 3" (1.95) —0.171 6" (—3.36)
Er Bl K 0.049 9" " * (4.12) —0.017 8" * (—3.84) —0.052 6" (—2.1D)
AR HL AR B —0.007 9(—0.82) —0.004 4(—1.17) 0.004 3(0.13)
7 25 —0.002 4(—2.36) 0.005 0" " " (3.46) 0.001 8(0.98)
T [ 2 % 7 % ¢ 0.012 6 (1.65) —0.031 27" (—2.90) 0.027 5(1.35)
o WAL K 0.002 1" * (4.53) 0.009 0 (8.95) 0.004 7" (4.50)
[ W% JE R L 0.064 4" " (4.86) 0.085 6" " " (4.56) —0.061 0(—1.26)
B Bl 47 K —0.018 2" " (—2.86) —0.005 1(—1.16) 0.020 0(1.26)
ARt L ARG B —0.032 0" (—2.60) 0.029 9" (8.34) —0.084 77 * (2.31)

3.4.1 HAMABRSNEHAN AKX EY R E 50
72l G5 8 X A= 7 By BB A %R A TE [ 5w,

U R AR o 2% IR AR T RE 2 S BUIR AN 57 3 T B IR
W AEE = =l A SRR M R T S A K

VLA — "l 45 A B 38 A A T fie 2 3 T 300 a2
W BOSCR AR TE 5 X 9 [ B Ak A BAT B 52 0 52 W)
X B By BEACAR 09§ TE B — 5 i 1 AR L. T
SE BT BT IE 1) 52 0 2 R AR AR Ul W 2% 0 A RE B
FEBEGE AT A RO SRR R R AR R A R T R B
Ttk o T KRR T AR K XA AR 7 E R

FIIR 2 JiE: BRSO R 32 4 DX 1A B2 3 B B B8R AT
TE T B2 o — T3 T AE A 7K T 1 4R T2 42 R A A R
RN IIEERE 53— T7 IR 5 WO LU T 23 i o WA
Jo B 9 L T 4R o 7 9 B BORCR i S B R RIOR B
Tho XA 45 b X A2 77 B BERAT G 1) 82 i, 58
D B SR A K P 1 52 T 25 B B T B 4 i



1

AR LA - rp DR ™ DB i A1) P 2005 X 2 S B3 Wl R 3R 215

B AR b A 7 R = e S A P B S — W
T sZ . BHEKCE 0 B8 T 23 4 2F ol AR 7 1 AR
b Ak 9% U5 BE B SE AR AR B BERCR R T
A L A AT £ B B HAT 17 1) 52 10 B VT O
A B S ACEA  HAF AR — 8 W TU4R I R N 4 5
] $2 ST 7 ) R
3.4.2  KITABRA U BB A RN X E Y0 A E 5
77 25 ) TF 1) 52 e T 2% B BOBOR B — 7l BT o
Eb 91 ) 2 55 A A F AR E T 2R B B ORI R T [ E
e A% G B ) 5 ) 15 B 32 O R [ R AR
TEXT I B W Be R A T B A AR . U AR KR
Xof e A T 2 B B AR HLAT IE [ 5 W, X AR 7R B BE AR
LA 1) 52 0 5 10 WY IR Ak KT Y 4 T T DA Ak R
R R ARV 2 B B O H R Bl A N TR AR Y $
15 AR 57 30 e, T BE 2 S SO R A R e R
HAILAR 9 T4 L HE T B0 P2 B B AR R AIK. Ik S R
FMCA XS 45 By BE AR ELAT IE ] 52 1, 1T RE A it PR 2
W5 WA ZZBE Y K2 B0 Ml A B3 /8, 55 )
FITCA AR, S A2 E BE bR B2 T . B K5
FEARFNIE 2 By BEACR 52 0RO, U I U A AR 0 A=
et PP E R AR A TOR S AR AN B R
B R RSN, AT B SR B0 X R R A
TH 2% B BesCR 2 1E a5 ), Ud B H A R 9% 00 S
kS S5
3.4.3 MAEITABRENEIHA B A EY 0w E FH
A [ B AR B B RCR B T ) s L 5T
HJF A LA ALV SR B T LA Tk Ry 32 B [ 2 e
BETT KA A 7 R B A — AT RN, T 3
TR BCRCR BEAG B2 B R AKX AR 77 B Bl
{EEAT S fE . AR DD AR N 3 A s B, Bl
S AE A AR T L FA R VT B 2w N O % R T I I A
B RE ™ EAN R A57 Bl ) A5 R 2 B IR
FEZ WAL L R T AR A 7 R BT B R G HE R
A, —E FE B L REAT + M s AR 4RI, R
N REARR AR 77 o B B b R R 3. S | R AR
Xof # PR 1 45 By BERICR RS I 2 R B R A E VT
SR NG =3 R/ NI N U s /i o L DR @ S
R T, AR A AR B0 X H R R R R 9% B BEAK
AT ) 52 A, XA 7R B B A 3 B A IE 1) 5, U
AR B AR 1 2 T A P A8 VT B A b A e R i T
o T A e 7 R, A A 7 B B R R Y i A (H A
TR AN B A AT I Jo i [n) A, ket A PR M BT AR
HOREARBOR AR

4w

(1D MWHCRIAG S5 SRR F R 3™ X A

IS N RN 7 I v ST B b 2 B2 Sl £ )
W B 3 B AR R KT D A AT B A AR K 42 T =
[T N B 5 S S VA R R e A S I 1 s (R B O

(2) MBFZS FEAESR A M8 3577 DB R k%
FE2S (] b BA 50 2 AR A P L A% B B R R X R
W ) ARG 5 1) e VR O I B R . A BE AR T AR
IR BRI 2 B AR AR i K R A A iR Ak
AN 5 12 850 3R K T b X A A AR B BEAK
FRAE A WL T, L R0k b X5 AR 3 K 7 1l X
22 (] 1) 22 B 52 e 1 K5 /0N 328 9 1) < — i AR R
FTAR AR 42 TR Y 25 (A1 A% Jm) 828 5 T 2% By B AR (H 2
BT B S m ROR A A A B B HUAL A s
A — 25 S

(3) Tobit A& A4 45 R B oR , AR A 7= B B %
T 5% B B e PR 3R AE AE 3 25 5 o 7l S5 4 L 9k
AL KT AR AT B AR AR S R B 1 3 7Y IF ) 52
W), [ 2 B8 7= 4 98 K3k 2 Jm RO F ok B 7 ) 5
Wi o 7l 28 A % AR 7 B BRSO LA O 1) R [ R
FERHE I S R RO e BB 2= B AR OK X I B i
AR . L ZE A I A KT B KR (R AT LR
AT T 2 B B 2% B E ) 52 M), [ 9T 7 4R 9 R
BAR B, 5350 AR X5 AR 26 8k R
77 B B NI 2 B B B b R 280 0 A i R S A
7 I A7 7R 3 25 5%

5 Wi

AR SC LA M 5 T D9 T 5T B0 38 2 R AR R X R
R L2 4% 1 B B bl i R P A0 0 0 8 i s gl 28 30 A
FB AT B T SR TR 7 DB s A R
F18 s 28 A A A B Wl PR BIL R R oAy A SR o]
B b T 0 v ) P R DX 4 A7 R OC Pk SR 4
RS . MBFFEAERR A R ™ DO AT
HOR RPN X G E RS R
BT ST 45 R T — B (B R S8R (E AR B T
FLRY B DEA A58 7 ) 5 (9 8008 A8 A /N X [R] Kao
Chiang™®", Witte K. D" S5 BF 5 45 @ AT & . 50
JEA W B BE B A5 M 46 DEA BB AR 42 F 5 BE DEA
B LRI AF AL 2 A BR8] 25 5 [ Be AN 1] 1
(1) 90 24 82 209 AL A S v, DR IR o A S8R MR 5 1 ok
2l /o BEAN S0 A BRI T AR LE L 38 A X B
o A PR i TR 2R AR 5T e IR 27 IXRE
7 DX SR ) AR 250 3 R T 1 B BEASCR B 82 i [ 3R AR
7 1) S E VA AR W] 22 S DR G DA A R
B AR ORAT A — JE Ja BRAE 9 3t 0] P 0 B AR R
S 17 B B b B R ) PR B ) — > AR AR A I



216 K = PR i

544

TR B BRI B B B AR ) AR AL AT TS LA i
TR AN R B AR S Y BE Y A L7 AR A
BFIEA . AR R 327 DB A B0 K B9 R
SR Th AR SCHE TR A5 I 45 A R 7 X A R E
AL AP B | D BT AR 22 S AR R R 2
72 DX AR K 73 DX ISR i AT 455 6 0 8 RS e

A FE A AE— RE B A R Z AL e Fr AR i 327
DB iR FH 28R A1 3B 82w BRI AR 2 22 T
JBE IR 2 K R 22 S AL B K AP B AR il 5 it 7
AT THETE . ARH AR I 2600 AR R H
SN SRk RN SIE 3= A O S B DA R Y L N (Y S
AT 5 AT o ok — 28 B TRAL TN S O B 327 X
b R B4 AT 4 0 A % SO R 4 A 4RI T O B
MZ%,

[ 2 % x & ]

(1] XU B 7w Rl ED. o B R B AL 35 55 1 B OR3P 1 5
BRG] 25 M, 2014, 34(4) 1 1-6.

Liu Yansui, Qiao Luyin. Cultivated land protection sys-
tem and policy innovation in the context of China’s new
urbanisation [ J]. Economic Geography, 2014,34(4) :1-6.

(2] #REIR A1 A ST ALK T b ER R 7 KPR

e R 22 S Je LB IR 7 < LAYV 45 FIL 95 48 24 B
(I %R BE 22,2013, 35(2) : 370-379.
Zou Jinlang, Yang Zisheng. Cultivated land use and policy
implications in Chinese main grain producing areas with
different urbanization levels: Taking Jiangxi and Jiangsu
Provinces as examples [ J]. Resource Science, 2013, 35
(2):370-379.

(3] BRI 2t b B A ™ AR A I I 25 4% R 5 52

R A T 4R .2013,29(20) : 1-10.
Chen Yangfen, Li Xiande. Spatial-temporal characteris-
tics and influencing factors of grain yield change in China
[J]. Transactions of the Chinese Society of Agricultural
Engineering, 2013,29(20) :1-10.

(4] VERR A . 5RH24.35F DEA J5 ¥k (04 st A e AL 5 R B 5%
(10, B SRR IR 24 42, 2014,29(6) : 944-955.

Wang Xiansheng. Guo Zhongxing. Research on farmland
conversion efficiency based on the DEA model [J]. Journal
of Natural Resources, 2014,29(6) :944-955.

(5] BB, X 4 i # o F2 rh iy < g Ak R M AL BR
BT AR 2235 . 2018 (4) : 1-6.

Kuang Yuanpei, Liu Yang. Discussion on“non-agricultu-
ralisation” and “ non-grainisation” in the process of farm-
land transfer [J]. Rural Economy, 2018(4) :1-6.

L6 e, ok | Je, 3Bk e 55, 2 R R 2495 55 T Bk b 4l e 4
SAESREEA"PII LI L DRG] P
ARl K~ 2 4 b 22 B 24 D £ 2021.38(6) :31-43.

Rao Jing, Zhang Wenlong, Guo Chenxiao, et al. A study on

7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

the “social-ecological governance approach” of arable
land abandonment in the process of rural vitalization in
China: Taking town D in city L. of Henan Province as an
example [J]. Journal of China Agricultural University
(Social Science Edition) ,2021.,38(6) :31-43.
XAk 2255 K = SR 4 BT DEA AR Ay b 4 A
A A 7R K R R OF5E [T ] R AL Rk 2%, 2020, 45
(3):86-91,107.
Liu Jiwei, Li Xuefei, Gao Penghuai, et al. Study on
agricultural production efficiency and its influencing fac-
tors in Hebei Province based on DEA model [J]. North-
east Agricultural Science. 2020,45(3):86-91,107.
Wang Kaiyong, Zhang Pengyan. The research on impact
factors and characteristic of cultivated land resources use
efficiency: Take Henan Province, China as a case study
[J]. Teri Procedia, 2013,5:2-9.
SR XA 5 L AR RO S AT L SRt R PR 28R A K
HARTHEAR ST A BRI ST 5 2022, 43(4) . 702-714.
Wu Xin, Liu Shixin, Li Jingsuo, et al. Study on the im-
provement of farmland use efficiency in the Yellow River
basin from the perspective of high-quality development
[J]. Research of Agricultural Modernisation, 2022, 43
(4):702-714.
FE T, BRI, T2 AR E 3277 X it A SRR
W B R T ] A A 2285, 2021.37(7) 1 104-110.
Cui Ningbo, Wang Xinyuan, Yu Zun. Analysis ecological
efficiency evaluation and influencing factors of cultivated
land of grain production in northeast main production
area []]. Ecological Economy, 2021,37(7) :104-110.
X E M, ok B AR PR RS S R A R T
SBM-DEA J5 i 19 & br B Hoge [T ] Al 30K 22 3%
2012,(6) :47-56.
Liu Yuhai, Zhang Li. Cultivated land productivity and
total factor arable land utilization efficiency: Compari-
son of provincial data based on SBM-DEA method [J].
Journal of Agrotechnical Economics. 2012(6) :47-56.
LR SRR W Al S b [ A BRI R AR SR
RN 25 S T A8 S5 i DN AR 3T 26T 20002019 AR
T AR e [ ] 1 A R, 2022, 36 (3) - 74-85.
Ma Linyan, Zhang Renhui, Pan Zichun, et al. Analysis
of the evolution and influencing factors of temporal and
spatial pattern of eco-efficiency of cultivated land use
among provinces in China: Based on panel data from
2000 to 2019 [J]. China Land Science, 2022,36(3) :74-85.
Yang Chinhai, Wu Leah, Lin Huilin. Analysis of tatal-
factor cultivated land efficiency in China’s agriculture
[J]. Agriculture Economics, 2010,56(5) :231-242.
SC i L X 52 LA BN L AR JEE O B b A A S
R A () A OG5 25 ) 2y [T ], s BB 27, 2022, 42
(6):1102-1112.



19

AR LA b EDRRCE ™ DB i A1) 2005 DX 2 S B3 Wl R 3R

217

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

Wen Gaohui, Liu Mengba, Hu Xianhui, et al. Spatial
correlation and spatial effect of cultivated land use eco-
logical efficiency in the Dongting Lake Plain [J]. Geo-
graphical Sciences, 2022,42(6):1102-1112.
TR A o EAKE . LT Super-SBM BRI T
AR AR A ) R 2 T 3R 2 A 1 K s R R WF SR T .
HrE + R, 2021, 35(10) : 64-74.
Zang Junmei, Tang Chunyun. Wang Qiuxiang, et al.
Research on spatial imbalance and influencing factors of
cultivated land use efficiency in Guangdong Province
based on super-SBM model [J]. China Land Science,
2021,35(10) :64-74.
BPARAN 2 FE B R e S I IR G RO E LA T
E B AR = RO P EAR - BiEYS
i .2015,25(8) 1 18-25.
Feng Yonggang. Peng Jue, Deng Zongbing. et al. Spatial-
temporal variation of cultivated land’s utilization efficiency
in China based on the dual perspective of non-point source
pollution and carbon emission [ J]. China Population,
Resources and Environment, 2015,25(8) :18-25.
Guan Jiancheng, Chen Kaihua. Measuring the innova-
tion production process: Across-region empirical study
of China’ s high-tech inovations [J]. Technovation,
2010,30(5/6) :348-358.
Kao Chiang, Hwang Shiuh’nan. Multi-period efficiency
and malmquist productivity index in two-stage produc-
tion system [ J]. European Journal of Operational
Research, 2014,232(3):512-521.
Despotis D K, Sotiros D, Koronakos G. A net-work
DEA approach for series multi-stage processes []].
Omega-International Journal of Management Science,
2016,61:35-48.
ERE,ERZE, B BBL, 5 A0 A TR 5 D 3% A
A 28 i 52w L) ] o Al B 2, 2016, 44 (1)
435-439.
Wang Lingling, Wang Chengjun, Lv Xiaohong, et al.
Effects of exogenous environmental factors of cultivated
land use efficiency in Zhejiang Province [J]. Jiangsu
Agricultural Science, 2016,44(1) :435-439.
A AT B3 B TR 6 DG TR 1 22 B4 W b BE R I 8%
MR R M [T L3R B4 . 201846 (3) :258-262.
Yu Yan, Wu Guoyong. Analysis of factors influencing
the use efficiency of cultivated land resources in Anhui
Province based on grey correlation [ J]. Jiangsu Agri-
cultural Science, 2018,46(3) :258-262.
AR EF L 4 R A R VAR B R TR I = 2
S AL ER 5 LT . v AR W R S X &, 2017, 38
(12):33-40.
Xu Qiu, Lei Guoping, Yang Houxiang. Research on
spatial-temporal difference and influencing factors of
cultivated land use efficiency in Heilongjiang Province

[J]. China Agricultural Resources and Zoning, 2017,38

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(12) :33-40.

W], 5K 22 536 B bR % R T 5 e < T SRR
f 00 BE A2 ,2023,45(3) : 494-511.,

Liu Ke., Zhang Anlu. Research progress and hotspots
of cultivated land use efficiency in China and interna-
tionally : Based on a bibliometric analysis [J]. Resource
Science, 2023,45(3):494-511.

T M AR AT 4R R R T R DA SR v [ R A BE R AR
AR T AR R i g A i 9 ML A T .
B R R 229, 2022, (2) 1 115-136.

Luo Sixuan. He Ke, Zhang Junbiao. Re-exploration of
total factor productivity of agriculture since China’s re-
form and opening-up: The role of production factor
quality and infrastructurev [J]. China Rural Economy,
2022,(2):115-136.

TRAE.  E AR 327 AR AR S BRI W Stk e
Wiy PR AT 5 [ DL 42 8 W3 . 22 BV 28 2%, 2020,

Xu Xiang. Study on evaluation. convergence and influ-
encing factors of agricultural ecoefficiency in major
grain production areas of China [D]. Bengbu, Anhui:
Anhui University of Finance and Economics, 2020.
F R, Ty R AT A S A 0 v [ il 2 B
XN H R JRIR B0 M X SR LT vk A 1, 2020, 41
(3):69-78,91.

Wang Penggang, Wang Li, Zhu He. et al. Population
development and countermeasures in China’s land bor-
der areas based on the perspective of classification [J].
Northwest Population, 2020,41(3):69-78,91.
R, 2R v At R AR R HE R e R 3R X3
P25t AR T 281 AT mY T AR B 5 BE LT I AR 7 ek R
J k(T M AT 5%, 2014, 33(11) :1995-2004.

Wang Liangjian, Li Hui. Cultivated land use efficiency
and the regional characteristics of its influencing factors
in China: By using a panel data of 281 prefectural cities
and the stochastic frontier production function [J].
Geographical Research, 2014,33(11):1995-2004.
RSB AR TE B ORI A5 b DR R 3 X b R
BRI 23 46 Jm) AL RS2 Wi R R < kT 180 S HL g T Y
SEAERTFELT ] IRFL#,2017,39(4) :608-619.

Zhang Lixin, Zhu Daolin, Xie Baopeng, et al. Spatio-
temporal pattern evolvement and driving factors of cul-
tivated land utilization efficiency of the major grain pro-
ducing area in China [J]. Resources Science, 2017, 39
(4):608-619.

Kao Chiang. Dynamic data envelopment analysis: A re-
lational analysis [J]. European Journal of Operational
Research, 2013,227(2):325-330.

Witte K D, Geys B. Evaluating efficient public good
provision: Theory and evidence from generalised condi-
tional efficiency model for public libraries [ J]. Journal

of Urban Economics, 2011,69(3):319-327.



