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The impacts of farmland operational scale on farmland ecological efficiency: A case study of the
Huang-Huai-Hai plain
HUANG Tong, QU Yi, SHU Bang-rong, HUANG Peng-jin
( School of Geography, Geomatics and Planning, Jiangsu Normal University, Xuzhou, Jiangsu 221116, China )
Abstract : Exploring the relationship between farmland operational scale and farmland ecological efficiency can
provide a scientific basis for agricultural modernization and sustainable use of farmland in Huang-Huai-Hai plain. Based
on a panel data of cities at prefecture level and above in Huang-Huai-Hai plain from 2007 to 2020, this study evaluated
the ecological efficiency of farmland operation by the super-efficiency SBM-Undesirable model and analyzed the impact
mechanism of farmland operational scale on the ecological efficiency of farmland by the Tobit model, the threshold
model and the mediating effect model. Result shows that: 1) The overall ecological efficiency of farmland in the study
area is declining, with uneven spatial development and widening regional differences, presenting a phenomenon of
“high-high aggregation and low-low aggregation”; 2) There is a “U-shaped” relationship between the expansion of
farmland operational scale and farmland ecological efficiency, and there is a single threshold effect, with a threshold
value of 0.38 hm’/person. When the farmland scale is lower than the threshold value, the expansion of farmland
operational scale will reduce farmland ecological efficiency, and vice versa, it will improve farmland ecological
efficiency; and 3) The input intensity of chemical fertilizer, pesticides and machinery plays an mediating role in the
impacts of farmland operational scale on the farmland ecological efficiency. Based on the above results, to promote
the improvement of ecological efficiency of farmland and realize the sustainable use of regional farmland, this paper
suggests: strengthening the policy support of farmland scale management, promoting farmland operational scale to cross
the threshold, building a green agricultural production and management system, and promoting the transformation of
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agriculture to green development.
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Table 2 Variable description and descriptive statistics
251 AR HE R A5 b fif e YA b2
PRI A% B SRR E SBM-Undesirable F& 755 0.68 0.30
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FEZER X, (%) M VEYHERF TR / 2B V3% A 73.78 0.09
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Table 3 Change of farmland operational scale in the Huang-Huai-Hai plain from 2007 to 2020 (hm*/person)

ARy dbnim K WA baNEeES) ks LA LI HOIEVEHD X
2007 0.899 1.180 0.780 0.481 0.787 0.493 0.877 0.785
2008 0.872 1.214 0.728 0.519 0.822 0.518 0.902 0.796
2009 0.819 1.191 0.821 0.503 0.816 0.635 0.922 0.815
2010 0.732 1.249 0.803 0.544 0.777 0.633 0.910 0.807
2011 0.834 1.318 0.838 0.579 0.825 0.676 0.966 0.862
2012 0.917 1.380 0.868 0.571 0.818 0.688 0.997 0.891
2013 0.988 1.486 0.862 0.594 0.831 0.695 1.017 0.925
2014 1.137 1.495 0.864 0.568 0.869 0.693 1.032 0.951
2015 1.039 1.619 0.893 0.570 0.864 0.617 1.042 0.949
2016 1.016 1.734 0.947 0.571 0.888 0.791 1.065 1.002
2017 1.040 1.614 1.180 0.573 0.907 0.798 1.076 1.027
2018 1.213 1.557 1.208 0.575 0.888 0.752 1.093 1.041
2019 0.608 1.565 1.110 0.559 0.850 0.788 1.112 0.942
2020 0.555 1.900 1.162 1.076 0.880 1.165 1.149 1.127
x4 EEEHIX 2007—2020 £ A SR
Table 4 Farmland ecological efficiency in Huang-Huai-Hai plain from 2007 to 2020
A0y =it PNE LA INRA TR bCijel ey LA HEIEVEH X
2007 1.117 0.600 0.848 0.697 0.812 0.661 0.472 0.716
2008 1.086 0.564 0.860 0.755 0.834 0.647 0.481 0.739
2009 1.087 0.520 0.983 0.745 0.844 0.668 0.483 0.753
2010 1.050 0.472 0.833 0.728 0.712 0.571 0.554 0.688
2011 1.072 0.516 0.833 0.747 0.760 0.604 0.453 0.702
2012 1.080 0.562 0.845 0.734 0.727 0.664 0.459 0.702
2013 1.087 0.533 0.826 0.720 0.689 0.633 0.427 0.676
2014 1.085 0.546 0.813 0.723 0.644 0.604 0.382 0.654
2015 1.099 0.587 0.776 0.745 0.594 0.577 0.371 0.639
2016 1.099 1.003 0.752 0.767 0.502 0.629 0.442 0.644
2017 1.116 1.017 0.765 0.703 0.531 0.555 0.501 0.618
2018 1.097 1.014 0.760 0.777 0.466 0.573 0.444 0.629
2019 1.090 1.035 0.753 0.707 0.587 0.561 0.457 0.639
2020 1.068 1.080 0.650 0.709 0.702 0.571 0.460 0.663
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Fig. 2 Spatial distribution of farmland ecological efficiency in Huang-Huai-Hai plain from 2007 to 2020
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Fig.3 Kernel density estimation of farmland ecological efficiency in Huang-Huai-Hai plain
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Table S Regression results of the Tobit model

ANt EX i brifE I K EAF XA
AR PR 0.249 0.0630 ok [0.1253, 0.3723]
B A Ry 0.239 0.055 5 ok [0.1300, 0.3477]
WL -0.238 0.163 1 — [-0.5578, 0.0815]
Pl g 0.326 0.0749 ok [0.1793, 0.4729]
Fhit 4+ 0.002 0.0415 — [0.7911, 0.0837]
N XA = A 0.073 0.056 4 — [-0.0373, 0.1839]
LW 55 8N 1A -0.170 0.106 6 — [-0.3790, 0.0390]
Wb AR 32 -0.092 0.0336 ok [-0.1580, -0.0264]
EREEL -0.489 0.090 5 ok [-0.6663, -0.3116]
VSV VI -0.254 0.1149 o [-0.4794, -0.0289]
RO -1.552 0.9142 * [-3.3435, 0.2400]

Log likehood

22.443
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Table 6 Threshold effect test results

I A fRASEAG 26 FAE (P{H) [T 95% HEAi X ]
. HO: RN s HI - A3 1 AT THE(E 58.31 (0.00) -0.97 [-1.0523, -0.9310]
PROAIIAE HO : A 1 AT THEE s HI : 7B 2 4N THE(E 8.75 (0.50) 0.41 [0.2989, 0.4817]
F7 ERITEEREIRER
Table 7 Panel threshold regression results
A i FHIC R B bR T
WAL -0.547* 0.281 -1.95
Pk 2 0.544% % 0.141 3.86
Fhia st -0.052 0.119 -0.44
NI XA 7= 0.129* 0.067 1.93
B AR S -0.040 0.035 -1.13
VLR RDIDAL 2 -0.085 0.124 0.69
SR EEL -0.582%* 0.194 -2.99
TR IR 2R AU -0.188 0.167 -1.12
HEHL AR (BRI AL < -0.97) -0.229%* 0.108 2,11
HEHb A AL (HFH R AL >-0.97) 0.194% % 0.070 2.79
fig el -1.234 1.203 -1.03
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Table 8 Test results of the mediation effect
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