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Spatial-temporal Evolution and Influencing Factors of Green Utilization
Efficiency of Cultivated Land in Lower Liaohe Plain

HAN Xiaochen'?, LIU Yuting'
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Erdos Inner Mongolia 017000, China)

Abstract: [Objective]This research examines the laws governing the evolution of green land—use efficiency in cultivated areas of the
Liaohe Plain, both temporally and spatially, as well as the underlying factors. It aims to provide a scientific rationale for safeguarding
national food security, promoting low—carbon emission reductions, and achieving sustainable agricultural economic development.
[Methods]Utilizing the super—efficiency SBM model, we evaluated the green utilization efficiency of cultivated land across 32
agricultural counties (cities, districts) within the lower Liaohe Plain, spanning from 2009 to 2022, and the spatial autocorrelation and
the Tobit model, alongside other analytical tools, was employed to investigate the characteristics of the evolution in temporal and
spatial patterns, as well as the factors influencing the efficiency of green land utilization across various counties(cities, districts).
[Results]The findings indicate that the mean efficiency of green land utilization in the Liaohe Plain’s lower region stands at 1.014,

most of which are above the optimal state, and the efficiency level shows a slight decline. There is a significant positive spatial
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correlation between the green utilization efficiency of cultivated land in the study area; A certain level of spatial clustering is observed
in the efficiency of green land utilization for cultivated areas within the study region, but the agglomeration effect in most areas is not
significant, and with the passage of time, the agglomeration areas continue to migrate. The efficiency of green land utilization for
cultivated land in the lower Liaohe Plain exhibits a slight inverted U-shaped trend, transitioning from the western to the eastern
regions, and it is slightly higher in the west. Tt is U-shaped from south to mnorth, and slightly higher in the south. [Conclusion]
Through Tobit model analysis, the conclusion drawn is that the size of per capita farmland held by rural inhabitants and government
support for agriculture has a beneficial effect on enhancing the efficiency of green land use for cultivated land. Conversely, several
factors exert a detrimental influence on this efficiency, including the level of land cultivation intensity, the area—based utilization rate
of agricultural machinery, and the average per capita disposable income of rural residents. The current situation reveals notable
disparities in the green utilization efficiency of cultivated land across the lower Liaohe Plain. In the future, we should optimize the
efficiency of resource allocation, foster regional collaboration, it is essential to establish a synergistic mechanism and harness the
exemplary role of high—potential areas, and promote the green utilization efficiency of cultivated land in various regions.

Key words: super—efficient SBM model; green utilization efficiency of cultivated land; temporal and spatial evolution; aggregation

efficiency; resource allocation efficiency
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Table 1 Green utilization efficiency of cultivated land evaluation index system

—EIEbR TR 5t L Hhi
Primary index Secondary index Variable declaration Unit
A AW RERD SR 5 b
. j hm
Land input Total sown area of crops
TN VAN INA FA
Labor input Agricultural employees
ML A AR -
Irrigation input Effective irrigation area
BA FRNEBA PAMLHE ] e (el Tt
Input Fertilizer input Application amount of agricultural chemical fertilizer (converted to pure)
REHA REH -
Pesticide input Pesticide consumption
RIFEA AT HEA LA ] 4 1
Agricultural film investment Usage of plastic film in rural areas
RHEA AN AL 3 kW
Agricultural machinery investment Total power of agricultural machinery
Fa Rt .
Social output Total grain output
L e 25 Al 7 8 5t
Expected output Economic output Total agricultural output value
S BRI 24 -
Environmental output Total carbon sink of cultivated land
RSB R WA UE A Fit
Unexpected output Carbon dioxide emission Carbon emissions
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Table 2 Selection and explanation of influencing factors of green utilization efficiency of cultivated land

M= HAR$e bR LR [Bu B
Influencing factor Specific indicators Indicator description Unit
HARBREE B 2 5 Al B b T AR %
Natural environmental conditions Cultivated land multiple cropping index Total sown area of crops/total cultivated area
B B2 5 5T AT i R N4 7% o i 7R B S A S A A b+ -1
Cultivated land resource endowment Per capita sown area of rural residents Total cultivated land area/population
LM R S E AR B Bl MV AUBRE B 1 A Hb L TR
Agricultural science and technology Total power of agricultural machinery per Total power of agricultural machinery/total culti- kW -hm™
level unit area vated land area
LRI YNLIE3 N AR R AT SRS A i
Level of economic development Per capita disposable income Per capita disposable income of rural residents
BN AT PRI 5537 BUR R Al Bl S5 77 TR A 5t
Government's efforts to support agri-  Expenditure on agriculture, forestry and wa- Government investment in agriculture, forestry,
culture ter affairs ete.
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Table 3 Mean change table of green utilization efficiency of cultivated land in the lower Liaohe Plain area

Ay BT T BT T B BT gt Rl FEIES
Year Shenyang Anshan Jinzhou Yingkou Fuxin Liaoyang Panjin Tieling Whole
2009 1.045 0.969 0.944 1.161 1.008 1.033 1.376 1.371 1.119
2010 1.006 0.912 0.932 1.121 1.034 0.972 1.427 1.403 1.104
2011 1.127 0.758 0.925 1.091 1.037 1.032 0.974 1.323 1.056
2012 1.061 0.780 0.921 1.077 1.036 1.061 1.002 1.254 1.019
2013 1.121 0.913 0.822 1.082 0.548 0.951 1.094 1.255 1.031
2014 1.007 0.766 0.837 1.075 0.497 1.013 1.238 1.196 1.005
2015 0.833 0.612 0.811 1.038 0.341 0.958 1.183 1.124 0911
2016 0.774 1.014 0.921 1.048 0.391 0.908 1.163 1.135 0.946
2017 0.834 1.032 0.943 1.072 0.429 1.049 1.169 1.120 0.985
2018 0.661 0.813 0.899 1.035 0.386 1.047 1.178 1.109 0.910
2019 0.834 1.042 0.919 1.086 0.407 1.037 1.191 1.102 0.981
2020 0.928 1.055 0.932 1.105 0.423 1.039 1.359 1.103 1.031
2021 0.965 1.085 0.951 1.206 0.415 1.047 1.451 1.105 1.065
2022 0.991 1.094 0.935 1.249 0.431 0.962 1.243 1.105 1.036
Aff:j_i;e 0.942 0.918 0.906 1.103 0.599 0.998 1.218 1.193 1.014
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Figure 1 Spatial distribution map of green utilization efficiency of cultivated land in lower Liaohe Plain

fiE SR T 25 0] [ AH OGRS RL, - F F Stata 17.05 GeoDaf {4, 55 T by B A4 5C 28 19 25 ) A B X 45 L (T L D) #f b
SO HBCR A EET T 2GR 508, B TFREA R, #%£82009,2013,2016,2019,20224F 17 Ji&
AN o HIZFEATT N, TR AL D X B b 2 0 R R ) Moran” THE $00E 1% 5% 12 10% 1 ik 35 PR 7K SF R 2595058 1o
BT, X — &5 R s T % X I (o R FH 5% R B 0 5 0 2 ) IR AR DGRk o RIAH AR B (X)) 1k b 2 £ F)
FHRCRAE M B 25 (8] L 08 50 AR T AR B AL , 177 2 0 — P 4 [E] 48 R . DA sl 253 22 19 90 A 3 #T , 2009-2022
4F, Moran” HE UM 0.177 73K 220.195 0, 3% — 15K G HA S e 1 10900 - Ji DX b 4 €20 0] FH R0 38 1) 245 Tl A DG A2
AT, AR RFFIE A A
222 B EE TSRS M N T HE T BT I A% LTS S DX R (5 ) R A S S A B R AE LA K X
2 543 AR , R GeoDa 1 AreGIS 10. 24K {4, 15 H Ry #8522 S8 40, IF-H5 b 22 ] 545 AU I LISASE R A
(FE2) . ZE R T 4FOR RIS A AL R O, BAR 8w - AR R m - R K -m R LR R,
15— 1o S5 2R DX ) e DX B 08 3 b 358 ) b A o €6 R 03 T T 2 R 3R 8 8 /KT PR ARRAIE L 2009
2022 4FF 1L S J5E X B i 2 € A1) P 20k 2 — e 4 2R X 2 B DAL b X e 2V g s i X, A PR, 2013
EAZER XA T T8, 2016 -0 T A% 5L 2019 454 TR IX, 2022 445 Frsi i, 4 T Ry XL B, m-
IR A B XA B2 [X sl A B 2 € ) 803 80, 1 T 5 IXC3aRAE , B 17 2016 4F T 30 J] S J5E X Bk b &t €00 1) FH A% R s —
RAER XA F T X,2009,2013,2019,2022 414 B XS T ARAIX . K- 42 R X5 A2 X B B 2k 2
FIFHRCRAR 117 JE 10 X3 5, 2009 4F- R 30 0] - J5 X B s 2 € 1] FHASCR AR - i AR R IX AL T I B, 2016 4R % 4R
DA T T o A — MG 3R X8 10 2 X a8 s [ 8 gkt & €6 1) L RECR 41K L 2009 4 R 30 9] - J5 X B 3
SR RIS R R XA F SCE 2016 R ER X TR B



-162- oMok Lk kK F OF K % 56 %
F4 TITATFERERHHEEF ARERELBEMoran’s HEE]

Table 4 Global Moran's I Index of green utilization efficiency of cultivated land in lower Liaohe Plain

\
?Ee{ﬁ Moran’s [ VA P
2009 0.17717 2.546 6 0.0109
2013 0.178 5 2.556 0 0.010 6
2016 0.179 6 2.569 4 0.0102
2019 0.196 2 2.8079 0.0050
2022 0.1950 2.793 6 0.005 2
N 2.2009 b.2013 ¢.2016
TR

d.2019 €.2022
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Figure 2 LISA cluster diagram of cultivated land green utilization efficiency in lower Liaohe Plain
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Figure 3 Trend surface of green utilization efficiency of cultivated land in lower Liaohe Plain
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Table 5 Panel tobit regression of influencing factors of green utilization efficiency of cultivated land in lower Liaohe Plain

fitp AL ES o bR 2

Explanatory variables Coefficient Standard error ! P
S T
. ﬁi&ﬁﬁl}uﬁl - -0.003 0.001 -2.04 0.042
Cultivated land multiple cropping index
5 AT4 i)
&*TE RASGHF TR . 0.972 0.433 2.25 0.025
Per capita sown area of rural residents
A ga) ™ 75
REEBRLAMES ~0.026 0.013 -1.93 0.054
Total power of agricultural machinery per unit area
9 1 [A] <+
. ZQH‘E‘N}\‘VJHXML&A . 1.57e-05 8.53e-06 -1.84 0.066
Per capita disposable income of rural residents
MK 95 S 2.65e-06 1.33e-06 1.99 0.047
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