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Spatiotemporal evolution and influencing factors of ecological efficiency of

cultivated land use in Shandong Province under “dual carbon” goals

Zheng Dongjie"?, Chen Zhaoliang'*, Cheng Qiuyue', Guan Hui"”
(1.Qingdao Surveying & Mapping Institute, Qingdao, Shandong 266000, China;
2.Qingdao Innovation Center of Smart (Green) Geotechnical Technology, Qingdao, Shandong 266000, China)

Abstract: [Objective] In Shandong Province, a major grain-producing region, issues such as incomplete
measurement of the ecological efficiency of cultivated land use (EECLU) , unclear spatiotemporal differentiation
patterns, and insufficiently clarified driving mechanisms during the green and low-carbon agricultural
transformation were identified. EECLU and its influencing factors were scientifically measured and systematically
evaluated in order to provide precise and scientific evidence for regional cultivated land ecological governance and

green and low-carbon agricultural transformation. [Methods] The Super-SBM model based on undesirable
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outputs, Malmquist-Luenberger (ML) index, trend surface analysis, and benchmark regression analysis were
employed to systematically examine the spatiotemporal evolution and influencing factors of EECLU in Shandong
Province from 2010 to 2022. [Results] @ The EECLU in Shandong Province was at a relatively high level
(0.857). During the study period, it exhibited an overall W-shaped fluctuating downward trend. Redundancy in
factor inputs and undesirable outputs were the primary bottlenecks restricting the achievement of optimal
efficiency. Spatially, it exhibited a pattern of “higher efficiency in the west and lower in the east, with polarization
between the north and south.” @ The annual average ML index of EECLU in Shandong Province during the study
period was 0.995 2. The decline in efficiency values resulted from the combined effects of cultivated land use
management degradation and technological regression. Except for Jining, Weihai, Rizhao, and Liaocheng, the
ML indices of the remaining prefecture-level cities were all below 1. @ Changes in EECLU were driven by the
synergy of multiple factors and exhibited significant regional heterogeneity. Among these factors, the multiple
cropping index, urbanization level, and agricultural industrial agglomeration significantly inhibited efficiency
improvement by increasing resource and environmental pressure, while fiscal support for agriculture significantly
promoted efficiency by improving cultivated land production conditions and promoting green technologies.
[ Conclusion] The spatiotemporal differentiation of EECLU in Shandong Province is significant. Its fluctuating
decline is driven by the compound effects of “management degradation” and “technological stagnation” , and the
influencing factors exhibit significant spatial heterogeneity. In the future, differentiated ecological governance of
cultivated land should be implemented to promote the green and low-carbon transformation of agriculture.

Keywords: “dual carbon” goals; ecological efficiency of cultivated land use; Super—-SBM model; spatiotem -

poral evolution; influencing factors
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Fig.1 Administrative divisions of Shandong Province
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Table 1 Evaluation indicator system of ecological efficiency of cultivated land use (EECLU)
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Table 2 Influencing factors of ecological efficiency of cultivated land use (EECLU)
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Table 3 EECLU in Shandong Province
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% 1, ML 8 808 CH: 3 il 3 g 3 d %5 . o, 2010—
20114 ML $8 80k 2 521K (0.731 3), FE PR T H Rk
R (TC=0.759 DHHE AR FFEEC=0.962 3)
)W E LR, & b R FHEE., 2015—2016 4 ML
FEBOGRWEME (1,138 000 BRI FEM T
BRI S = (TC=1.137 5).

12 X B ACE b BF5E I N ASE 7 L auE L H R
WA MLAEECR T 1, AR ¥/ T 1R 6),
HR BRI 50 i 8 bl A 43 425 . QW EC 5 TC
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s QUM BN EYT A RE VI ST BRI 32 SO T K P STk, ok 0
MLAEE/NT 1, BRI ECEHE & T TC, XUl 20548 THAED,

F4 LFEEHMRHMUFARAEHTRE

Table 4 Average annual redundancy rates of cultivated land use in different regions of Shandong Province

BATURE/ % AR I TUR R %

ok + 4 958 11 e V&) ARSI ViE ARAHL W HE T THT U5 5 Y
T 1.50 6.16 13.36 0.00 6.41 0.18 3.19 5.21 5.34
TH &y 2.87 11.79 17.79 0.00 20.67 0.00 4.12 16.79 17.54
R EAT 0.10 12.31 7.10 13.33 11.97 0.00 5.06 7.39 4.08
A FE T 10.75 16.48 34.60 8.05 18.85 0.00 2.08 29.17 34.08
Pt 0.00 7.46 8.07 18.03 21.60 4.61 0.00 12.61 8.58
M5 T 0.32 19.71 21.94 29.57 0.68 0.60 12.70 19.94 21.55
Ly Tl 4.46 22.07 32.69 19.21 72.46 4.42 5.14 49.58 35.34
i) 6.56 24.80 26.15 24.52 5.15 0.13 15.67 22.61 26.02
BT 8.49 16.26 22.40 7.40 10.64 0.53 6.92 14.23 16.60
JaR I T 0.91 9.58 25.21 30.03 4.40 0.33 26.15 14.64 11.92
H g i 0.00 2.66 3.77 8.63 2.22 0.29 2.44 4.03 3.95
I 7 Tl 2.08 2.67 4.07 1.94 7.00 0.00 5.10 4.81 3.80
i 0.14 0.25 6.17 2.28 6.21 0.06 6.80 5.60 6.04
H 5% i 6.56 27.28 30.49 12.31 48.76 0.10 14.07 32.56 30.36
M 0.23 7.68 5.03 7.57 1.62 0.34 4.07 4.36 4.55
FERE A ] 7.51 1.51 11.56 3.38 9.30 0.00 4.59 10.15 11.40
¥ 4 3.28 11.79 16.90 11.64 15.50 0.72 7.38 15.86 15.07

£S5 2010—2022 F LKAt F A 6 WWHRASHRMHBAAESUEMLIEMRESHE
ESMEMLEBHRE S Table 6 ML index and its EECLU decomposition of

Table 5 ML index and its decomposition of EECLU in different regions of Shandong Province
Shandong Province (2010—2022) W T ML EC TC

il e o : T By 0.982 4 0.982 4 1.000 0
2010—2011 0.7313 0.962 3 0.759 9 TS 0.993 9 1.000 0 0.993 8
2011—2012 0.957 0 1.024 7 0.9339 A T 0.999 5 0.999 5 1.000 0
2012—2013 0.989 7 1.001 6 0.988 1 Al 0.999 5 1.002 0 0.997 5
2013—2014 1.023 2 1.003 9 1.019 2 5 T 0.994 6 0.999 4 0.995 2
2014—2015 1.0219 1.000 0 1.0219 YT 0.994 0 0.993 1 1.000 9
2015—2016 1.138 0 1.000 4 1.137 5 v 1.000 2 0.999 7 1.000 5
2016—2017 1.063 2 1.0118 1.050 8 el 0.980'3 0.980'3 10000
2017—2018 1.027 8 0.995 5 1.032 4 BT Loott 100z 4 0-998 7
2018—2019 0.884 8 0.989 1 0.894 6 H ‘?‘ﬁm 1001 10047 0-9963
Il I Tl 0.996 5 0.999 2 0.997 3
2019—2020 1.0818 0.9950 1.087 2 O 0.996 4 0,999 5 0.997 0
2020—2021 1.039 8 0.989 5 1.050 8 W 1.001 2 1.000 6 1.000 6
2021—2022 1.053 1 0.994 9 1.058 5 S 17 0.994 2 0.997 7 0.996 5

IR A 0.995 2 0.997 3 0.997 9 FREaIn 0.999 5 0.999 3 1.000 1
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Fig.3 Three-dimensional global trends of EECLU in Shandong Province
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Table 7 Regression results of influencing factors of EECLU in Shandong Province

A R4 &R & &1L =i
InMCI —0.11777(0.044) —0.36277(0.105) 0.285"7(0.104) 0.008(0.273) —0.066""(0.017)
InLAS 0.003(0.003) 0.0207(0.012) —0.028"(0.008) —0.008(0.015) 0.002""(0.000)
InUR —0.004"(0.002) —0.016™"(0.004) 0.000(0.000) —0.006"(0.003) 0.000(0.001)
InIND —0.359(0.238) —0.862(0.614) 0.098(0.176) —1.614"(0.612) 0.005(0.065)
In AMD —0.006(0.031) —0.032"7(0.001) —0.2397°(0.072) —0.013(0.046) 0.006(0.019)
InATA —0.118°(0.064) 0.3427(0.147) —0.304""(0.038) —0.276"(0.123) 0.038"(0.009)
InFSA 0.001"(0.001) —0.8997"(0.120) —0.001(0.000) 0.811"7(0.224) 0.000(0.000)

1.69177(0.330) 2.6907°(0.727)
R’ 0.267 0.595

_cons

1.28977(0.219)
0.904

2.6247°(0.119)
0.727
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