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Study on the impact of China’s urbanization on agricultural ecological
efficiency: Based on panel data of 13 major grain-producing regions in China
from 2009 to 2018"
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(School of Economics and Management, Northeast Forestry University, Harbin 150040, China)

Abstract: Urbanization is an important factor to impact agricultural ecological efficiency. However, most of the existing
studies have discussed the impact of urbanization on agricultural ecological efficiency from a single perspective. Further, these
studies are often affected by the impact of exogenous environment or other random factors during the measurement of agri-
cultural ecological efficiency. To analyze the impact of urbanization on agricultural ecological efficiency more comprehen-

sively and accurately, the present study used the three-stage SBM-DEA model, which provides simultaneously evaluation of
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both the undesirable and desirable outputs, entropy value method, and Tobit model, based on panel data obtained from 13 ma-
jor grain-producing regions in China from 2009 to 2018. Various models and methods were used to study the impact of ur-
banization on agricultural ecological efficiency from multiple perspectives based on theoretical analysis. Our results showed
that: 1) the impact of exogenous environment and random interference significantly impacted the agricultural ecological effi-
ciency. After excluding these impacts, the agricultural ecological efficiency of the 13 major grain-producing regions in China
changed significantly. Additionally, unlike the existing studies, the impact of urbanization on agricultural ecological efficiency
too changed, after the effects of exogenous environment and random interference were removed. 2) The agricultural ecological
efficiency of China’s 13 major grain-producing regions showed a continuous growth trend from 2009 to 2018. The average
annual efficiency, after excluding the impact of exogenous environment and random interference, increased from 0.53 in 2009
to 0.80 in 2018. However, there was a big gap in the agricultural ecological efficiency among different regions. For example,
in 2018, the agricultural ecological efficiency of Hebei and other regions reached the frontier (1.00), but that of Inner Mongo-
lia was only 0.45. 3) Urbanization as a whole improved the agricultural ecological efficiency. The comprehensive index of
urbanization significantly affected agricultural ecological efficiency (at a level of 1%, impact coefficient: 0.60). 4) Various
indicators of urbanization differently impacted the agricultural ecological efficiency. The population urbanization rate showed
an insignificant negative impact on the agricultural ecological efficiency. The per capita disposable income of urban residents
and urban economic density significantly positively affected the agricultural ecological efficiency. The output value of the
secondary and tertiary industries, proportion of built-up area and per capita built-up area had significantly negative effect on
the agricultural ecological efficiency. To further elucidate the role of urbanization in promoting agricultural eco-efficiency, this
article proposed suggestions to modify the relevant policies, based on the research results from three aspects of population,

economy, and land urbanization.

Keywords: Urbanization; Agro-ecological efficiency; Main grain production areas; DEA; Tobit
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Table 1

Evaluation indicator system of comprehensive index of urbanization

Target level

System-level Evaluating indicator

Computational method

indicator
Urbanization Population Population urbanization rate Statistical Yearbook queries
urbanization
Per capita disposable income of urban residents Statistical Yearbook queries
/
Economic Urban economic density Output value of secondary and tertiary industries/land area
urbanization GDP /GDP
Proportion of secondary and tertiary Output value of secondary and tertiary
industries in GDP industries/GDP
Proportion of built-up area / Built-up area/total area
Land urbanization /
Per capita built-up area Built-up area/total population
1.2

[23]

[10,13] [12]
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Table 2 Agricultural eco-efficiency input-output index system

Index type Sub index Variables and descriptions
Labour force Number of employees in farm (x10*person)
Input index Land Planting area of crops (khm?)

Chemical fertilizer
Pesticide

Agricultural film

Agricultural machinery power
Irrigation
Output index

Total output value of farm

Undesirable output

: Carbon emission
index

Pollution emissions

Fertilizers consumption (x10%)
Pesticides usage (t)

Agricultural film consumption (t)

Total power of agricultural machinery (x10°kW)

Effective irrigation area (khm?)

Total output value of farm (x10%¥)

Total carbon emissions from fertilizers, pesticides, agricultural films, agricultural diesel,

irrigation and sowing (x10t)

Total quantity of chemical fertilizer and pesticide pollutions, and total residues of agri-

cultural film (x10%)

1.3

)
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Table 3  Agricultural ecological efficiencies in the main grain-producing regions of China in the first and third stages

from 2009 to 2018

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Province Stage

13 1 301 3 1 3 1 3 1 3 1 3 1 3 1 3 13
Hebei 0.46 0.63 049 0.66 0.50 0.71 0.51 0.72 0.53 0.74 0.56 0.75 0.59 0.75 0.61 0.81 0.76 0.89 1.00 1.00
Inner Mongolia 0.40 0.35 0.42 036 0.44 039 044 040 047 0.42 0.46 041 048 042 049 042 050 043 0.55 045
Liaoning  0.59 0.43 0.60 0.43 0.65 0.47 0.68 0.49 0.77 0.51 0.75 0.52 1.00 0.55 0.81 0.54 095 0.55 1.00 0.56
Jilin 0.46 0.38 0.48 0.40 0.50 0.42 0.51 0.43 0.55 0.45 0.57 0.47 0.58 0.48 059 048 085 051 1.00 0.52
Heilongjiang 0.46 0.50 0.48 0.51 0.52 0.55 0.52 0.56 0.54 0.60 0.54 0.63 0.59 0.66 0.65 0.72 0.68 0.78 1.00 1.00
Jiangsu 0.62 0.65 0.68 0.67 0.70 0.68 0.71 0.65 0.75 0.65 0.79 0.67 0.85 0.76 0.88 0.81 0.81 0.93 1.00 1.00
Anhui 0.35 0.43 0.36 0.44 036 0.44 036 0.43 036 0.44 038 0.46 040 0.48 0.42 050 046 0.53 0.47 0.55
Jiangxi 0.37 0.34 0.37 034 038 0.35 039 036 0.46 0.40 0.48 0.41 0.50 042 053 045 059 047 0.66 0.50
Shandong ~ 0.52 0.72 0.54 0.73 0.57 0.75 0.60 0.76 0.65 0.79 0.71 0.84 0.78 0.87 0.88 1.00 1.00 1.00 1.00 1.00
Henan 0.44 0.68 0.46 0.72 0.47 0.73 0.48 0.74 0.49 0.76 0.51 0.80 0.54 0.85 0.58 0.94 0.67 1.00 1.00 1.00
Hubei 0.51 0.54 0.52 0.55 0.54 0.58 0.57 0.61 0.60 0.64 0.62 0.67 0.67 0.71 0.78 0.83 0.87 0.92 1.00 1.00
Hunan 0.52 0.62 0.55 0.65 0.58 0.68 0.57 0.70 0.57 0.71 0.61 0.73 0.66 0.75 0.70 0.77 0.78 0.81 0.85 0.86
Sichuan  0.57 0.68 0.60 0.71 0.62 0.74 0.65 0.77 0.67 0.79 0.70 0.81 0.72 0.82 0.84 0.94 0.90 1.00 1.00 1.00
Mean 0.48 0.53 0.50 0.55 0.53 0.58 0.54 0.59 0.57 0.61 0.59 0.63 0.64 0.66 0.67 0.71 0.76 0.76 0.89 0.80

, 2009—2018
s , Excel
6 ,
, 2009—2018 1 3 0.11 0.17 0.27 0.07 0.21 0.16
) >
, ( 5 2009—2018
3 2009 0.24 2018  0.51,
1 R )
4 R , 2018
1 R 0.90,
> 33
, , 2018 Stata 15 , 3
2009—2018
3 , Tobit
0.45
3 s 3 s
Tobit R 1
3.2 , 2 6
Excel , , Tobit

Ols s Tobit

GDP 6, Tobit Ols
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Table 4 Analysis of effects of environmental variables on redundant variables of agricultural ecological efficiency in the phase 2

Redundant . Estimated Standard Redundant . Estimated Standard
Variable - Variable ..
source coefficient error source coefficient error
50 ~1.65E+01 —2.23E+01 B3 ~1.64E-03""" 4.80E-04
Labour Agricultural R .
input Bl 1.92E-02 1.18E-02 film input 4 1.89E+09 1.00E+00
52 —-8.22E-06"" -3.70E-06 y 9.11E-01""" 1.18E-02
53 —9.45E-07 ~1.72E-06 50 —1.12E+03" 6.23E+02
o 2.20E+04™"" 2.37E+00 . Bl 9.20E-01""" 2.95E-01
Power input for
4 9.16E-01"" 1.11E-02 agricultural B2 ~1.52E-04" 9.08E-05
machinery
A0 1.78E+03™"" 5.23E+02 B3 ~1.30E-04""" 421E-05
Land input ) .
Al —2.40E-01 2.53E-01 o 6.10E+06 1.09E+00
52 ~1.60E—04" 8.47E-05 Ve 8.56E-01""" 1.89E-02
B3 —1.78E-07 4.33E-05 50 1.49E+03""" 6.83E+00
) - Irrigation input
o 6.15E+06 1.00E+00 p1 —2.77E-01 4.79E-01
y 8.95E-01""" 1.37E-02 52 —1.78E-04 2.11E-04
A0 3.52E+01 2.23E+01 B3 2.56E-04""" 9.26E-05
Fertilizer . ) .
input Al 3.93E-02 1.35E-02 o 1.03E+07 1.00E+00
52 —~1.42E-05"" 3.75E-06 y 7.51E-02 1.21E-01
B3 —9.43E-06""" 2.07E-06 B0 1.55E+02""" 3.87E+01
) . Carbon emission R
o 1.59E+04 1.03E+00 p1 4.93E-02 2.49E-02
y 9.16E-01""" 1.09E-02 52 —2.68E-05"" 7.96E-06
A0 2.90E+04™"" 2.55E+00 B3 —1.30E-05"" 3.34E-06
Pesticide . ) .
input Al 7.75E+00 3.45E+00 - 3.01E+04 1.00E+00
52 —4.91E-03"" 1.05E-03 y 8.63E-01""" 1.79E-02
53 —2.67E-03""" 5.89E—04 B0 2.52E+01" 1.49E+01
) . [Non-point source .
o 1.41E+09 1.00E+00 pollution p1 2.61E-02 8.95E-03
- emission e
y 9.10E-01 1.18E-02 )2 -9.51E-06 2.51E-06
A0 —8.59E+03""" 1.01E+00 B3 —6.33E-06""" 1.37E-06
Agricultural o
film input Sl ~1.95E+00 2.83E+00 o 6.81E+03 1.04E+00
52 2.95E-03""" 1.03E-03 y 9.14E-01""" 1.16E-02
* Rk ok 10% 5% 1% ; B0 , Bl B2 VB3
5 0'2 , ) kkk gpd sk

represent significant difference at levels of 10%, 5%, 1%, respectively. 0 is the model intercept term; £1 is the first industry output value parameter
estimate; 82 is the financial expenditure parameter estimate; 83 is the research expenditure parameter estimate. o” is the deviation caused by the coin-
cidence of random noise and invalid effect in the model, and y is the explanation degree of invalid influence factors to individual efficiency difference.

6 , 1%
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Table 5 Comprehensive indexes of urbanization of main grain-producing regions of China in 2009-2018

Province 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Hebei 0.34 0.38 0.43 0.46 0.49 0.52 0.51 0.50 0.50 0.52
Inner Mongolia 0.26 0.28 0.32 0.34 0.36 0.37 0.39 0.41 0.42 0.43
Liaoning 0.31 0.36 0.40 0.43 0.46 0.49 0.51 0.52 0.50 0.52
Jilin 0.15 0.17 0.19 0.19 0.22 0.24 0.25 0.28 0.31 0.33
Heilongjiang 0.15 0.17 0.19 0.20 0.20 0.21 0.22 0.23 0.23 0.24
Jiangsu 0.46 0.54 0.61 0.66 0.69 0.74 0.77 0.81 0.87 0.90
Anhui 0.23 0.28 0.33 0.38 0.41 0.44 0.48 0.51 0.56 0.58
Jiangxi 0.17 0.22 0.28 0.31 0.35 0.39 0.40 0.41 0.45 0.48
Shandong 0.34 0.39 0.43 0.48 0.53 0.56 0.59 0.62 0.67 0.70
Henan 0.27 0.30 0.36 0.40 0.44 0.47 0.49 0.52 0.58 0.63
Hubei 0.12 0.16 0.19 0.23 0.26 0.30 0.32 0.35 0.38 0.42
Hunan 0.18 0.21 0.26 0.29 0.33 0.37 0.39 0.43 0.49 0.49
Sichuan 0.14 0.19 0.23 0.27 0.30 0.34 0.31 0.36 0.40 0.43
Mean 0.24 0.28 0.33 0.36 0.39 0.42 0.43 0.46 0.49 0.51
b
5%
, , 1%
b
b b
9
b
b
l% \A AT\
4 HiLEEN
9
4.1
9
b
9
1)
1%
[} b
9
GDP 1% 2) ,
3
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Table 6 Effect of urbanization on agricultural ecological efficiency
1 First estimate 2 Second estimate
Tobit Ols Tobit Ols
Explanatory variable
Estimated Standard Estimated Standard Estimated Standard Estimated Standard
coefficient error coefficient  error coefficient error coefficient  error
. o 060" 0.10 0.54"" 0.09 — — — —
Comprehensive index of urbanization
Population urbanization rate -0.05 0.08 -0.05 0.08
N 4 . 0.51" 0.10 048" 0.10
Per capital disposable income of urban residents
Urban economic density 0.72"" 0.19 0.65™" 0.18
. apP o -0.33™" 0.09 032" 0.09
Proportion of secondary and tertiary industries in GDP
Proportion of built-up area -0.26" 0.13 -0.23" 0.12
Per capital built-up area —0.28™" 0.07 -0.28""" 0.07
cons 0.42" 0.04 0.43™ 0.03 0.67" 0.04 0.67"  0.04
sigma 0.18 0.01 0.13 0.01
Log likelihood 20.74 60.74
LR chi2 30.23(Prod>chi2=0.00) Prod>F=0.00 110.22(Prod>chi2=0.00) Prod>F=0.00
*oOkE o kxk 10% 5% 1% ¥ k¥ ¥E* represent significant effects at levels of 10%, 5%, 1%, respectively.
2 b
b b
b b
b
3) , )
b
, 2) ,
b b
k) s
b b
4.2
b
b b
9
3 3) :
1) b
b
b b
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