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Sustainable agriculture is a vital part of the UN Sustainable Development Goals. While
tremendous achievements in the agriculture sector in China have been made, a series of
problems are challenging the sustainable development of the agriculture management and
agriculture economy. In this paper, the level of sustainable agriculture development was
evaluated by constructing an entropy-TOPSIS model. The sustainable agricultural
development level evaluation system was subsequently established, including 4 first-
level criteria (economy, society, environment and resources) and 25 second-level criteria.
Corresponding data on 13 cities in Jiangsu Province, China (from 2016 to 2019) were
collected. Moreover, the main obstacle factors restricting the sustainable agriculture
development level were analyzed through the obstacle diagnosis model. The Tobit
regression model was established for an empirical study on its influencing factors. The
results showed that the agricultural sustainable development level in Jiangsu Province is
going upward, and the development level gaps between various prefecture-level cities are
narrowing; the output values in agriculture, forestry, animal husbandry and fishery services,
per capita disposable income of farmers and other aspects are the main obstacle factors
for agricultural sustainable development. The research objective of this paper was to
improve the index system of agricultural sustainable development, analyze the influencing
mechanism and obstacle factors, and explore the promotion path of agricultural
sustainable development in Jiangsu by optimizing the spatial layout. The main
innovation of this paper was bringing the five interrelated and interactive dimensions of
“economy, society, environment, ecology, and resources” into the same analytical
framework to analyze the concept and connotation of agricultural sustainable
development.
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1 INTRODUCTION

Industrial technologies such as chemical fertilizers, insecticides
and mechanical equipment have been introduced into
agricultural production to meet the growing population’s
demand for food (Ashraf et al., 2021). However, this kind of
integrated operations damage the soil, water, air and native
habitats for the agricultural sector (Sharma et al., 2018). The
Sustainable Development Goals (SDGs) approved by the United
Nations in 2015 set forth the indispensable of sustainable
agriculture (SA) to global sustainable development (Sachs
et al., 2019). While ensuring food security, SA enhances the
environmental friendliness of various agricultural operations and
performance (Nowak et al., 2019; Sharma et al., 2020). Many SA
practices maximize productivity while minimizing
environmental damage (Raliya et al., 2017; Adegbeye et al.,
2020). SA has played a notable role in sustaining all human
activities (Barrios et al., 2020).

The initiative of SA is a farming idea that is more
environmentally, economically, and socially (Mwalupaso et al.,
2019). More specifically, SA refers to an agricultural system that
adopts a way of rational use and maintenance of natural resources
and implements technological and institutional reforms to ensure
the sustainable development of the demand for agricultural
products of contemporary humans and their future
generations (Tsani et al., 2020; Khan et al., 2021). With the
emerging of SA practices, the research from the academic
community is gradually deepening. Nanofertilizers (Fatima
et al., 2021), high yielding rice (Tseng et al., 2020),
biotechnology (Zhao et al., 2020) and other new technologies
are all focusing on sustainable agricultural development. For
example, Tian et al. (2018) developed an integrated decision
support system of the food, energy and water nexus for SA to
simulate the interactions and feedback in the
ecosystem–human–climate systems.

Similarly, Zulfiqar et al. (2019) summarized the application
prospects of nanofertilizers in sustainable agriculture,
biotechnology and horticulture. Skaf et al. (2019) developed a
multi-criteria analysis framework to investigate the
environmental performance and sustainability of agricultural
production activities in Lebanon at the farm and national
levels. Mikhno et al. (2021) considered the effective indices
and instruments of influence on the level of ecological and
economic development. Adegbeye et al. (2020) proposed some
methods such as the shift in management systems of crop
production, implementation of integrated farming system,
enabling nutrient recycling or recovery for the resource
efficiency improvement. Sharma et al. (2020) conducted a
systematic review of machine learning applications in
sustainable agricultural supply chains and presented a machine
learning applications framework for sustainable agricultural
supply chains management.

China is the most populous country in the world, and the
agricultural sector plays a vital role in economic development and
food security (Liu et al., 2020c). Especially, remarkable
achievements have been made in China’s agricultural
development since the implementation of the policy of reform

and opening up (Zhou et al., 2019). Subsequently, SA
development has been strengthened by institutional
arrangements nationally in China (Sanders, 2006), such as
rural revitalization strategy (Zhu et al., 2021), green food
certification (Ul Hassan et al., 2020) and beautiful rural
construction (Zeng et al., 2021). Accordingly, research on SA
in China is emerging among the academic community. Cheng
et al. (2018) collected research literature to analyze the main
concerns and conceptual structure of SA development in the case
study area based on topic modelling. Liu X. et al. (2020)
developed a coordinated development model to evaluate both
the SA coordination and its coordination degree for three villages
in the Shenfu coalfield, China. Zhang et al. (2021) collected the
data of daily rainfall in theWei River Basin in China and analyzed
the spatial and temporal variation characteristics of rainfall and
rainfall erosivity in the context of sustainable agriculture.

Among those discussions in the research of SA development,
the evaluation of sustainable development is the most essential
one. Construction of SA evaluation index system is the
fundamental work to explore the current status and promote
the comprehensive development of agricultural sustainability
(Diaz-Sarachaga et al., 2018). Latruffe et al. (2016) argued that
SA owns three dimensions, which are society, environment and
economy. Rahman et al. (2017) collected groundwater data and
evaluated the groundwater quality of sustainable agriculture in
Bangladesh. Liu et al. (2020b) systematically measured China’s
agricultural green production goal from five aspects: ecosystem
maintenance, supply capacity, environmental quality, farmers’
life and resource utilization.

However, the measurement of SA level faces challenges as
previously described. Typically, multi-attribute requirements of
economy, environment and society make the sustainability
evaluation complicated and diverse (Liu et al., 2019). Jonathan
Brooks and Giner (2021) emphasized the triple challenge of SA
measurement. Accordingly, multiple evaluation indicators also
lead to the difficulty of data collection and data processing
(Niemeijer and de Groot, 2008). Moreover, the method
selection of comprehensive evaluation indicators and the
trade-off of national and regional research scales was also
largely debated (Gafsi et al., 2006; Deguines et al., 2014;
Kanter et al., 2018).

In response to the challenges above, this paper intends to
discuss the following questions: 1) It sorts out the connotation of
agricultural green development, summarizes green development
status, challenges and typical facts of Jiangsu agriculture and
discusses “what is the problem?”; 2) It constructs the
“MADM–obstacle diagnosis–TOBIT” model, measures the
sustainability of Jiangsu agricultural green development,
analyzes main obstacle factors and influential mechanisms and
discusses “what are the causes?” 3) From the perspective of spatial
arrangement optimization, it studies the design of sustainable
development policy of Jiangsu agriculture green development
from aspects of “resource efficiency upgrading, environment
improvement, ecology recovery, circular agriculture
promotion” and discusses “how to do?”

Aimed at improving the sustainable development standard of
Jiangsu agriculture, this paper sorts out the green development
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status of Jiangsu agriculture and establishes a comprehensive
measure model to explore the path for the sustainable
development of Jiangsu agriculture by completing an
index system, analyzing obstacle factors and influential
mechanism and optimizing spatial arrangement. Besides, it
designs policies to support the system from aspects of
“resource efficiency upgrading, environment improvement,
ecology recovery, circular agriculture promotion”.
Contributions of this paper might include three aspects: 1)
Based on the concept and connotation of agricultural green
development, SDGs of the United Nations and the
development status of Jiangsu agriculture, it refers to the
sustainable and circular development philosophy to further
improve the sustainability measurement index system for
Jiangsu agricultural green development from dimensions of
economy, society, environment, ecology and resource. 2) It
makes in-depth analysis on the unique resources,
environmental capacity, ecologic type and economic
development basis in “lakeside (Weishan Lake-Hongze Lake-
Tai Lake), riverside (Yangtze River), coastal (the Yellow Sea)
areas” and “south Jiangsu, central Jiangsu and south Jiangsu
area”, in order to establish the spatial arrangement for the
agricultural green development matching the ecological
carrying capacity of resource environment. 3) It discusses the
temporal evolution trend, spatial arrangement difference, main
obstacle factors and influential mechanism of Jiangsu
agricultural green development, so as to establish more

targeted agricultural green development policies with greater
adaptability.

Following the introduction section, the details of the study
area and methodology are presented. The third section illustrates
the results and analysis of sustainable agriculture development
and obstacle factors in the case area. The conclusions and
suggestions of this article are summarized in the final section.

2 MATERIALS AND METHODS

2.1 Research Scope and Data Source
Jiangsu Province locates in the middle of the eastern coastal area
of mainland China and its lower reaches of the Yangtze River. The
province is a major agricultural province and has much natural
resources. The detailed information about the study area is shown
as Figure 1.

There are three requirements to comprehensively promote
rural revitalization and accelerate the modernization of
agriculture in rural areas in Jiangsu Province: ensuring the
effective supply of grain and other important agricultural
products; improving rural infrastructure and public services;
improving the rural beauty and livability level and sustainable
agricultural development (General Office of Jiangsu Province,
2021).

In this paper, the period from 2016 to 2019 was taken as the
time interval to study; and the 13 cities under the jurisdiction of

FIGURE 1 | Location of jiangsu province in China.

Frontiers in Environmental Science | www.frontiersin.org February 2022 | Volume 10 | Article 8360023

Wang et al. Evaluation of Sustainable Agriculture

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


Jiangsu Province were used as study objects. The basic index data
came from Jiangsu Statistical Yearbook; and the Environmental
index data came from the announcement of environmental
conditions of cities.

Considering the availability, among the environmental
indexes, the environmental data of Huai’an in 2016, 2017 and
2018 utilized the data in December of each year; the CO data of
Zhenjiang in 2016 utilized the data from the environmental
quality report for the fourth quarter of 2016. Geographically
similar, these two prefecture-level cities, Nantong and Yangzhou,
are 80 km apart. In terms of the SO2 emission, a tailpipe emission
indicator, in 2016, 2017 and 2018, Yangzhou’s measurements
are 23μg/m3, 18μg/m3 and 13μg/m3, respectively, while
Nantong’s are 25μg/m3, 21μg/m3 and 13μg/m3
respectively, revealing a similar trend. So, the CO data
among the environmental indexes of Nantong in 2016,
2017 and 2018 utilized the data of Yangzhou, a
neighboring city, in those years respectively. Suqian and
Lianyungang are two prefectural-level cities bordering each
other. In 2016, 2017 and 2018, Lianyungang’s PM2.5 of
Lianyungang was 46μg/m3, 45μg/m3 and 48μg/m3
respectively, while Suqian’s PM2.5 index was 56μg/m3,
55μg/m3 and 53μg/m3, respectively, revealing a similar
trend. So the NO2, SO2 and CO data among the
environmental indexes of Suqian in 2016, 2017 and 2018
utilized the data of Lianyungang, a neighboring city, in those
years respectively. The PM10 data among the environmental
indexes of Suqian in 2016 utilized the data of Lianyungang, a
neighboring city, of the year.

The numerical values of indexes, the total output values of
“scientific research and technical services”, “water conservancy,
environment and public facility management industry”,
“education”, “health and social work”, “culture, sports and
entertainment industry” and “public management, social
security and social organization”, were calculated by moving
average method (Hao et al., 2018; Michna et al., 2020).

2.2 Calculation of Sustainable Agriculture
Development Level in Jiangsu Province,
China
As one of the methods widely used in operations research, multi-
attribute decision-making is used to solve various management
problems (Zavadskas et al., 2014). In this paper, the TOPSIS
method in multi-attribute decision-making was used to calculate
the SADL in Jiangsu Province.

2.2.1 Entropy Method
The accuracy of evaluation index weight calculation is directly
related to the overall evaluation effect. The change of weighted
index weight values may produce a butterfly effect. How to choose
a better weighting method is one of the key problems to be solved
in evaluation. The weight of evaluation indexes can be
determined by subjective and objective methods. In the
subjective weighting method, the importance of each indicator
is analyzed to obtain their weights based on the experience of
decision makers. It includes Delphi, AHP and other methods

(Zeshui and Cuiping, 1999). However, the subjective weighting
method depends on decision-maker’s preference and is
subjective. As a quantitative weighting method, the objective
weighting method calculates the weight of the evaluation
indexes, and effectively transmits the data information of the
evaluation indexes. The entropy method is the most used method
to determine the objective weight. In this paper, the entropy was
used to calculate the degree to which the evaluation indexes
influence the pros and cons of the scheme. It ensures more
realistic results of weight determination. Dong et al. (2021)
calculated the weights of the indices within the evaluation
system via the entropy weight method. The degree of
interaction among system indexes is quantified to establish a
comprehensive medical evaluation system, so as to promote the
medical service system. Therefore, this paper uses the entropy
method to determine the weight of the evaluation index, so as to
get a better evaluation effect. The main steps are as follows (Chen
and Wang, 2003):

1. To standardize the decision-making matrix: A decision-
making matrix yij′ (i � 1, 2, . . . , n; j � 1, 2, . . . , m) with n
evaluation objects and m evaluation indexes is established.
Since there is a difference in the dimension and order of
magnitude of each index of SA in Jiangsu Province, in order to
eliminate the influence of different dimensions on the
evaluation results of development level, all indexes should
be standardized. The positive indexes were are standardized
according to Eq. 1; and the negative indexes were are
standardized according to Eq. 2:

yij �
yij′ − y′min

j

y′max
j − y′min

j

i � 1, 2, . . . , n; j � 1, 2, . . . , m( ) (1)

yij �
y′max
j − yij′

y′max
j − y′min

j

i � 1, 2, . . . , n; j � 1, 2, . . . , m( ) (2)

where, yij′ is the value of the jth evaluation index of the ith
evaluation object; y′max

j is the maximum of the jth item; y′min
j is

the minimum of the jth item.

2. To calculate the contribution degree of the ith evaluation
object of the sustainable development level evaluation
system in the jth index:

Pij � yij∑n
i�1yij

i � 1, 2, . . . , n; j � 1, 2, . . . , m( ) (3)

where, Pij means the contribution degree of the ith evaluation
object in the jth index.

3. To calculate the entropy of the jth index in the nth evaluation
object and the mth evaluation index:

Ej � −K∑n
i�1

Pij lnPij i � 1, 2, . . . , n; j � 1, 2, . . . , m( ) (4)

where, Ej is the entropy of the jth index in the evaluation index, K
is a constant (K � 1

ln n).
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4. To calculate the information utility value of the jth index:

dj � 1 − Ej j � 1, 2, . . . , m( ) (5)

5. To calculate the weight of sustainable development level
evaluation indexes:

ωj � dj∑m
j�1dj

j � 1, 2, . . . , m( ) (6)

where, ωj is the weight of the jth index.
Information entropy is a very important concept in

information theory. It is a measure for the degree of disorder
of the system, which is defined as Ej � −K∑n

i�1Pij lnPij. The
entropy Ej is related to the variation degree of an evaluation index
value in the comprehensive evaluation system. With the increase
of the variation degree, the information entropy Ej would
decrease and this index would provide more information,
which indicates the rise of the index weight. Therefore, it
could calculate the weight of different indexes in accordance
with the information entropy reflected by the variation degree of
the index value.

2.2.2 TOPSIS
The TOPSIS method proposed by Hwang and Yoon (1981) is a
method used in dealing with the selection problem. Peng and
Xiao (2013) proposed that TOPSIS is an appropriate tool for
dealing with selection problems. Since TOPSIS has a very clear
logic, it can handle qualitative and quantitative information well
(Mousavi-Nasab and Sotoudeh-Anvari, 2017). TOPSIS sorts the
decision-making objects by evaluating the distance from the
evaluation object to the optimal and the worst solutions (Chu,
2002). It makes full use of the original data, and has good
applicability, so it is widely used in multi-attribute evaluation
(Lai et al., 1994). Moreover, the TOPSIS method can be used for
the pros and cons evaluation of different levels of the evaluation
system. Therefore, TOPSIS is applicable to the evaluation of the
agricultural service system evaluation system for agricultural
sustainable development proposed in this paper. Vassoney
et al. (2021) provided helpful support to achieve more
sustainable solutions for complex water management problems
by applying the TOPSIS method. The main calculation steps of
TOPSIS include (Zheng et al., 2020):

1. To normalize decision-making
matrixyij′ (i � 1, 2, . . . , n; j � 1, 2, . . . , m).

Zij �
yij′���������∑n

i�1 yij′( )2√ (7)

where, Zij is the normalized decision-making matrix; yij is the
value of the jth evaluation index of the ith evaluation object in the
standardized decision-making matrix.

2. To construct the sustainable development weighted decision-
making matrix.

xij � ωj × zij i � 1, 2, . . . , n; j � 1, 2, . . . , m( ) (8)
where, xij is the weighted decision-making matrix, while ωjmeans
the weight of the jth index.

3. To determine the positive ideal solution X+ and the negative
ideal solution X−.

X+ � maxixij | j ∈ J( ), minixij | j ∈ J′( ){ } (9)
X− � minixij | j ∈ J( ), maxixij | j ∈ J′( ){ } (10)

where, X+ is the standardized weighted target positive ideal
solution; X− is the standardized weighted target negative ideal
solution, J is positive index; and J′ is negative index.

4. To measure the distance from any feasible solution x+j to
positive ideal solution D+

i and that from any feasible solution
x−j to negative ideal solution D−

i by the Euclidean norm:

D+
i �

������������∑m
j�1

xij − x+
j( )2√√

i � 1, 2, . . . , n; j � 1, 2, . . . , m( ) (11)

D−
i �

������������∑m
j�1

xij − x−
j( )2√√

i � 1, 2, . . . , n; j � 1, 2, . . . , m( ) (12)

where, D+
i is the Euclidean distance from any feasible solution of

each evaluation object to positive ideal solution; D−
i is the

Euclidean distance from any feasible solution of each
evaluation object to negative ideal solution.

5. To calculate the relative proximity of the feasible solution to
the ideal solution:

Ci � D−
i

D−
i +D+

i( ) i � 1, 2, . . . , n( ) (13)

where, Ci is the proximity of the feasible solution to the ideal
solution.

In this paper, a multi-level index evaluation model was used;
the initial matrix of the upper level was generated from the
relative proximity of the single level evaluation index Ci to
calculate the relative proximity of the index of the upper level,
obtaining the evaluation results off the upper level (Sun et al.,
2019).

6. To sort and calculate the category of the SADL in Jiangsu
Province according to the calculated relative proximity Ci.
Category classification was is performed based on the
arithmetic mean value and standard deviation of Ci(Nowak
et al., 2019). It was is classified into four categories:

ClassI: Ci ≥Cl + SCi

ClassII: Cl ≤Ci <Cl + SCi

ClassIII: Cl − SCi ≤Ci <Cl

ClassIV: Ci <Cl − SCi

(14)
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where, �Cl is the arithmetic mean value of Ci; SCi is the standard
deviation of Ci.

2.3 Obstacle Diagnosis Model for
Sustainable Agriculture
The sustainability evaluation of agriculture in Jiangsu Province is not
only the evaluation of the sustainable development level, but also the
analysis of the obstacle factors for agricultural sustainable development,
so as to better formulate targeted strategies and measures to
improve the SADL. In this paper, the obstacle diagnosis model for
agricultural sustainable development was used as a tool (Chen et al.,
2020) to analyze the obstacle factors for the SADL in Jiangsu Province.

Oij �
ωj 1 − yij( )∑m
j�1ωj 1 − yij( ) i � 1, 2, . . . , n; j � 1, 2, . . . , m( ) (15)

where, Oij is the degree of obstacle of the jth index of the ith
evaluation object; ωj is the weight of obstacle factors; 1 − yij is the
gap between index and target.

2.4 Tobit Regression Model
The efficiency value of TOPSIS calculated by Eq. 13 is censored
data and balanced panel data. To avoid possible bias due to least

squares estimation (OLS) and utilize the cross-sectional and time
series information contained in the panel data, the confined Tobit
random effects panel model is used herein for regression analysis
(Frenzen and Davis, 1990) and to establish the following model:

Yit* � α + βTXit + μi + ϵit i � 1, 2, . . . , n( ) (16)
where, Yit* is the sustainable development efficiency value of
agriculture in 13 cities in Jiangsu Province during 2016–2019; α
and β are parameter vectors to be estimated; Xit is a factor that
affects sustainable agriculture; μi is an independent random
variable that varies with individuals but not over time; ϵit is a
random variable that varies independently with individuals
and time.

2.5 Index System Construction
The evaluation system of sustainable agriculture constructed in
this study can be summarized into four aspects: agricultural
economy B1, agricultural society B2, agricultural environment
B3 and agricultural resources B4. Especially, the idea of
agriculture resource is introduced to promote more extensive
assessment. The evaluation index system for the SADL in Jiangsu
Province was constructed as showed in Figure 2 from the four

FIGURE 2 | Evaluation index system for sustainable agriculture in jiangsu province.
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first-level indexes. The detailed description of the four first-level
indexes is as follows:

2.5.1 Agricultural Economy B1
The first-level index agricultural economy reflects the total scale
and total results of agricultural production. The second-level
indexes that reflect agricultural economy, agricultural output
value C1, forestry output value C2, animal husbandry output
value C3, fishery output value C4 and output value of agriculture,
forestry, animal husbandry and fishery services C5, were set.

C1 = output of agricultural products and their by-products ×
unit price. It is a positive index; C2 = output of forest products and
their by-products × unit price. It is a positive index; C3 = animal
husbandry products and their by-products × unit price. It is a positive
index; C4 = fishery products and their by-products × unit price. It is a
positive index; C5 refers to the total amount of supporting service
activities for agricultural production and is a positive index.

2.5.2 Agricultural Society B2
The second-level indexes that reflect agricultural society, the
average number of people burdened by each employed
population C6, per capita floor area of existing dwellings C7,
per capita disposable income C8, per capita living consumption
expenditure C9 and Engel coefficient C10, were set.

C6 = total population ÷ total number of agricultural laborers.
It reflects the degree of agricultural employment. It and is a
negative index; C7 = area of dwelling structure ÷ resident
population. It is an index of residential floor space per capita.
It and is a positive index; C8 = per capita wage income + per
capita net operating income + rper capita net property income +
per capita net transfer income. It reflects the per capita income
that can be used for free disposal. It and is a positive index; C9 =
per capita expenditure on consumer goods + per capita
expenditure on service consumption. It reflects the per capita
expenditure that meets the needs of daily consumption. It and is a
positive index; C10 = expenditure on food in rural households ÷
total consumption expenditure of rural households. It is an index
of family affluence. It is an index of family affluence and is a
negative index.

2.5.3 Agricultural Environment B3
The mean annual concentration of such air pollutants as fine
particulate matter (PM2.5) C11, inhalable particle (PM10) C12,
nitrogen dioxide (NO2) C13, sulfur dioxide (SO2) C14 and
carbon monoxide (CO) C15 in the ambient air are used as
environmental indexes. They are negative indexes.

2.5.4 Agricultural Resources B4
The second-level indexes that reflect agricultural resources, number
of rural households C16, rural labor force C17, total power of
agricultural machinery C18, agricultural fertilizer application
amount C19, electricity consumption in rural areas C20, sown
area of crops C21, total amount of water resources C22, amount
of surface water resources C23, amount of groundwater resources
C24, annual precipitation C25, and land area C26, were set.

C16 reflects the number of permanent households in rural
areas. It is a positive index; C17 reflects the labor force in the rural

population who participate in cooperative economic
organizations and household production. It is a positive index;
C18 reflects the total power of all kinds of power machinery used
in agriculture, forestry, animal husbandry and fishery. It is a
positive index; C19 reflects the actual amount of chemical
fertilizer (including nitrogen, phosphate, potash and
compound fertilizers) used in agricultural production this year.
It is a positive index; C20 reflects the electricity required for
agricultural production and farmers’ lives. It is a positive index;
C21 reflects the area of land actually sown or transplanted with
crops. It is a positive index; C22 is an important and indispensable
natural resource for the development of the national economy. It
is a positive index; C23 refers to the general term of water in
rivers, lakes, swamps, glaciers, ice sheets and other water bodies.
It is a positive index; C24 refers to the water stored in saturated
rock and soil pores, fissures and caves below the ground. It is a
positive index; C25 is the liquid water that falls from the sky to
the ground; annual precipitation is obtained by summing up the
monthly precipitation of 12 months. It is a positive index; C26
reflects the area within the boundaries of ownership. It is a
positive index.

2.5.5 Influencing Factor Index
Explained variable Y: SADL in 13 cities in Jiangsu Province from
2016 to 2019.

Explanatory variable:

1. Total output value of scientific research and technical
services X1

2. Total output value of water conservancy, environment and
public facility management industry X2

3. Total output value of education X3
4. Total output value of health and social work X4
5. Total output value of culture, sports and entertainment

industry X5
6. Total output value of public management, social security and

social organization X6

3 RESULTS AND ANALYSIS

In this section, Eqs 1, 13 were calculated to evaluate the SADL in
Jiangsu Province and partition the sustainable development
according to Eq. 14; afterwards, a diagnostic model was
established according to Eq. 15 to analyze the obstacle factors
for agricultural sustainable development; besides, the Tobit
regression model was established according to Eq. 16 for the
empirical study of influencing factors for agricultural sustainable
development.

3.1 Evaluation of Sustainable Agriculture
Development Level in Jiangsu Province
3.1.1 Time Series Evolution Analysis of Sustainable
Agriculture in Jiangsu Province
The SADL in cities in Jiangsu Province was measured to evaluate
and rank it from the perspective of time series evolution.
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For the SADL in Jiangsu Province, it increased from 0.461 in
2016 to 0.539 in 2019. Except in 2017 when it decreased, it
showed a trend of steady growth in the remaining years. The
variation coefficient decreased from 0.342 in 2016 to 0.328 in
2019, indicating that the difference in the sustainable
development level of agriculture among cities decreased.
According to the analysis of first-level indexes of SADL in
Jiangsu Province, agricultural economy, agricultural society,
agricultural environment and agricultural resources, from 2016
to 2019, agricultural economy, agricultural society and
agricultural environment, especially agricultural society and
agricultural environment, showed a trend of gradual increase,
and increased by about 90%. The SADL in Jiangsu Province
benefited from the growth of the agricultural economy, society
and environment. However, the indexes of agricultural resources
decreased by about 95%. As can be seen from the analysis above,
although the SADL in Jiangsu Province showed a trend of gradual
growth, agricultural resources showed a sharp downward trend,
which is a problem that deserves our attention. Considering the
decrease of agricultural resources in Jiangsu Province, the
efficient utilization of natural resources might be promoted by
intensifying land use, economizing land use, reducing water
resource consumption, and rationally utilizing renewable
resources, so as to achieve the sustainable utilization of natural
resources. The measured sustainable development level of
agriculture in Jiangsu Province is shown in Figure 3.

From the SADL in cities in Jiangsu Province from 2016 to
2019, there have been small changes in the ranking of cities over
time. The sustainable development level of agriculture in Xuzhou
and Taizhou tended to increase, while that in Suzhou and
Yangzhou tended to decrease. This is because the agricultural
economic index of Xuzhou increased steadily every year, while
that of Suzhou declined every year. The agricultural
environmental index of Taizhou increased from 0.41 in 2016
to 0.54 in 2019, while that of Yangzhou decreased from 0.28 to
0.24 in 2019. The SADL in Yancheng ranked first in all years,
while that in Suqian ranked last over the years. The reason for this
is that the agricultural economic index in Yancheng was much

higher than that in other cities, while that in Suqian was far below
that in other cities. The level and first-level indexes of measured
sustainable agriculture in cities in Jiangsu Province are shown in
Table 1 and Table 2.

3.1.2 Spatial Evolution Analysis of Sustainable
Agriculture in Jiangsu Province
In this section, the SADL in cities in Jiangsu Province was
analyzed from the perspective of spatial pattern evolution.
Spatial pattern evolution analysis is an effective way to reflect
the spatial differences in the SADL in cities. According to the
calculated rating of sustainable development in Table 3, the
sustainable development level is divided into four grades and
four grade areas from high to low (Nowak et al., 2019), i.e. Grades
I, II, III and IV, as shown in Table 3. On this basis, Figure 4 was
drawn with GeoDa.

It can be seen that the SADL in areas along the lake (the
Weishan Lake), the sea (the Yellow Sea) and the river (the
Yangtze River) was significantly higher than that of other
areas. This is because the agricultural resource endowment
along the lake, the sea and the river were higher than other areas.

In 2016, the SADL in Yancheng and Suzhou was 0.647 and
0.586 point in Area I, respectively, forming the Yancheng -
Nantong - Suzhou high value belt of sustainable agriculture
along the sea and the river. The SADL in most regions not
along the sea or the river was at the levels of Areas II and III.

In 2017, the SADL in Xuzhou was improved to 0.585 points,
which entered Area I and reached the level of areas along the sea
and the river, forming a high value area along the lake, the sea and
the river. The SADL in other areas remained unchanged.

In 2018, the SADL in Jiangsu Province was improved again.
Nantong entered Area I with 0.562 points, maintaining the high
value area along the lake, the sea and the river composed of four
Area I cities of Xuzhou, Yancheng, Nantong and Suzhou.
Nevertheless, Suqian was still in Area IV.

In 2019, except for Suzhou, where the SADL dropped to Area
II, other cities remained unchanged and remained the high value
area along the lake, the sea and the river. There still is much room
for improvement in the future.

3.1.3 Evolution of SADL in Different Areas in Jiangsu
Province
In this section, the SADL in cities in Jiangsu Province was
analyzed according to the classification of southern Jiangsu,
central Jiangsu and northern Jiangsu.

According to the geographical location of each city, the cities
in the south of Jiangsu Province belong to southern Jiangsu; the
cities in the middle of Jiangsu Province belong to central Jiangsu;
and those in the north of Jiangsu Province belong to northern
Jiangsu. Southern Jiangsu includes 5 cities: Nanjing, Suzhou,
Wuxi, Changzhou and Zhenjiang; central Jiangsu includes 3
cities: Yangzhou, Taizhou, Nantong; and northern Jiangsu
includes 5 cities: Xuzhou, Lianyungang, Suqian, Huai’an and
Yancheng.

According to the calculation of SADL in cities in Jiangsu in
Table 1, the sustainable development level of agriculture in cities
in central Jiangsu from 2016 to 2019 was at the relatively low level,

FIGURE 3 | Time evolution of SADL in jiangsu province from 2016
to 2019.
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with an average development level of 0.356, 0.370, 0.394 and
0.406, respectively. From 2017 to 2019, the level of cities in
northern Jiangsu was relatively high, with an average
development level of 0.433, 0.428 and 0.446, respectively; the
level of cities in southern Jiangsu was at an intermediate level,
with an average development level of 0.404, 0.418 and 0.417,
respectively. The analysis results showed that, the agricultural
mechanization level in northern Jiangsu has been continuously
improved; the improvement on science and technology service
level has improved agricultural economy level; the increase in
farmers’ per capita disposable income and expenditure has
improved the agricultural society level. The sustainable
development of agriculture in northern Jiangsu was at a

relatively high level. Southern Jiangsu is a pilot area of rural
industrialization in China. Rural industrialization has promoted
the rapid development of the rural economy. However, as time
goes by, such problems as the gradual decrease in cultivated land
resources and the decline of the status of agricultural industry
brought about by rural industrialization, have restricted the
development of agriculture in southern Jiangsu. The SADL in
central Jiangsu has been restricted by agricultural resources and
agricultural economic level. The sustainable development level of
agriculture in different areas in Jiangsu Province is shown in
Figure 5.

The key to observe the changes in the SADL in different areas
in Jiangsu Province and realize the high-quality development of

TABLE 1 | SADL in cities in jiangsu province from 2016 to 2019.

City 2016 2017 2018 2019

Closeness Rank Closeness Rank Closeness Rank Closeness Rank

Nanjing 0.372 7 0.349 7 0.378 6 0.378 7
Wuxi 0.46 5 0.454 5 0.435 5 0.446 5
Xuzhou 0.51 4 0.585 2 0.574 2 0.609 2
Changzhou 0.378 6 0.352 6 0.359 7 0.384 6
Suzhou 0.586 2 0.568 3 0.561 4 0.557 4
Nantong 0.516 3 0.55 4 0.562 3 0.603 3
Lianyungang 0.286 9 0.322 8 0.306 11 0.343 8
Huaian 0.28 10 0.318 9 0.345 9 0.327 9
Yancheng 0.647 1 0.683 1 0.668 1 0.682 1
Yangzhou 0.28 11 0.283 11 0.336 10 0.305 12
Zhenjiang 0.334 8 0.295 10 0.355 8 0.318 10
Taizhou 0.271 12 0.278 12 0.285 12 0.311 11
Suqian 0.225 13 0.255 13 0.246 13 0.269 13

TABLE 2 | First-level indexes of SADL in cities in jiangsu province from 2016 to 2019.

City 2016 2017 2018 2019

B1 B2 B3 B4 B1 B2 B3 B4 B1 B2 B3 B4 B1 B2 B3 B4

Nanjing 0.26 0.58 0.65 0.14 0.26 0.58 0.47 0.13 0.28 0.59 0.43 0.14 0.24 0.61 0.36 0.09
Wuxi 0.17 0.83 0.33 0.40 0.17 0.84 0.50 0.40 0.14 0.84 0.32 0.39 0.11 0.79 0.52 0.40
Xuzhou 0.64 0.16 0.42 0.47 0.68 0.17 0.48 0.48 0.69 0.16 0.48 0.50 0.74 0.16 0.47 0.50
Changzhou 0.09 0.74 0.50 0.21 0.09 0.75 0.50 0.18 0.09 0.75 0.25 0.19 0.06 0.77 0.41 0.21
Suzhou 0.32 0.93 0.43 0.55 0.30 0.93 0.52 0.54 0.28 0.93 0.56 0.53 0.25 0.89 0.43 0.55
Nantong 0.52 0.42 0.46 0.40 0.51 0.42 0.68 0.40 0.52 0.43 0.59 0.41 0.57 0.41 0.49 0.41
Lianyungang 0.38 0.09 0.48 0.27 0.37 0.13 0.55 0.28 0.37 0.10 0.40 0.28 0.38 0.08 0.41 0.30
Huaian 0.34 0.10 0.50 0.32 0.34 0.12 0.36 0.34 0.35 0.09 0.62 0.34 0.34 0.08 0.53 0.34
Yancheng 0.86 0.29 0.57 0.48 0.83 0.28 0.64 0.49 0.82 0.27 0.58 0.52 0.81 0.28 0.66 0.53
Yangzhou 0.28 0.36 0.47 0.19 0.27 0.35 0.65 0.18 0.27 0.37 0.65 0.20 0.24 0.37 0.54 0.17
Zhenjiang 0.13 0.57 0.73 0.13 0.12 0.57 0.64 0.12 0.13 0.57 0.78 0.11 0.12 0.55 0.55 0.11
Taizhou 0.19 0.38 0.41 0.29 0.20 0.37 0.47 0.28 0.21 0.38 0.32 0.29 0.19 0.39 0.54 0.27
Suqian 0.28 0.03 0.47 0.31 0.27 0.01 0.53 0.33 0.28 0.00 0.39 0.34 0.26 0.00 0.50 0.35

TABLE 3 | Synthetic measure Ci.

Level 2016 2017 2018 2019

Class I Ci > =0.53 Ci > =0.55 Ci > =0.55 Ci > =0.57
Class II 0.40< � Ci <0.53 0.41< � Ci <0.55 0.42< � Ci <055 0.43< � Ci < 0.57
Class III 0.26< � Ci <0.40 0.26< � Ci <0.41 0.28< � Ci < 0.42 0.29< � Ci < 0.43
Class IV Ci < 0.26 Ci < 0.26 Ci < 0.28 Ci < 0.29
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agriculture in Jiangsu Province is to adhere to the combination of
regional planning and regional governance, and to realize the goal
of sustainable agriculture in Jiangsu Province according to local
conditions.

3.2 Obstacle Factors for Sustainable
Agriculture in Jiangsu Province
3.2.1 Analysis of Obstacle Factors for Second-Level
Indexes
The main obstacle factors for second-level indexes of sustainable
agriculture in Jiangsu Province and the rank of obstacle degree
were calculated based on the obstacle diagnosis model, as shown
in Table 4 and Table 5(only the top 5 main obstacle factors and
the rank of obstacle degree from 2016 to 2019 were listed). The

sum of obstacle degree of the top 5 obstacle factors was above
42%, indicating that these factors had the most significant effect
among the 24 indexes. According to the analysis of the number of
times of obstacle and the average obstacle degree, the most
common obstacle factors are C5 (44, 18.57%), C3 (42,
10.37%), C8 (35, 11.35%), C1 (32, 9.82%) and C13 (25, 9.03%).

C5 reflects all kinds of supporting service activities in
agricultural production, including transportation, fishing,
agricultural and sideline products processing and agricultural
technical support and other services. The obstacle degree of C5,
which appeared in the annual obstacle factor list as a main
obstacle factor, was 8.36–13.75% in cities like Nanjing, Wuxi,
Xuzhou, Changzhou, Suzhou, Lianyungang, Huai’an, Yangzhou,
Zhenjiang, Taizhou and Suqian. These cities should gradually
incline from agriculture to agriculture, forestry, animal
husbandry and fishery services, perfect industrial infrastructure
and carry out reasonable industrial structure layout.

C3 provides food such as meat, milk and eggs. Besides,
developing the animal by-product processing industry
increases employment opportunities and provides organic
fertilizers for agricultural production. The obstacle degree of
C3, which appeared for 4 times as a main obstacle factor, was
7.91–16.25% in cities like Nanjing, Wuxi, Changzhou, Suzhou,
Nantong, Yangzhou, Zhenjiang, Taizhou and Suqian. With the
improvement of the development level of the social economy, the
demands for animal by-products have increased. Therefore,
animal husbandry must maintain the trend of rapid
development, strengthen the development of poultry
production and further processing industries such as pig
breeding, and improve the level of industrialized operation.

C8 means the per capita income that farmers can spend freely
and reflects the living standard of rural residents. The obstacle
degree of C8, which appeared for 4 times as a main obstacle
factor, was 8.53–20.18% in cities like Xuzhou, Nantong,

FIGURE 4 | Spatial evolution of SADL in jiangsu province from 2016 to 2019.

FIGURE 5 | Sadl in different areas in jiangsu province.
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TABLE 4 | Main Obstacle Factors for Sustainable Agriculture in Jiangsu Province and Rank of Obstacle Degree from 2016 to 2019 (Part slowromancapi@)

City Year Obstacle factors and the order of obstacle degree

1 2 3 4 5

Nanjing 2016 C5 (12.87%) C3 (11.97%) C1 (8.47%) C13 (8.07%) C8 (6.19%)
2017 C5 (12.15%) C3 (11.51%) C1 (8.29%) C13 (7.88%) C15 (6.60%)
2018 C5 (11.77%) C3 (11.23%) C1 (8.15%) C13 (8.11%) C15 (6.83%)
2019 C5 (11.57%) C3 (10.77%) C13 (9.50%) C1 (7.95%) C15 (6.67%)

Wuxi 2016 C3 (12.24%) C5 (10.84%) C1 (10.49%) C15 (8.86%) C13 (8.64%)
2017 C3 (12.42%) C5 (11.22%) C1 (10.66%) C13 (7.59%) C4 (7.17%)
2018 C3 (11.51%) C5 (11.50%) C1 (9.93%) C15 (8.31%) C13 (7.23%)
2019 C5 (13.04%) C3 (12.08%) C1 (10.47%) C15 (7.99%) C4 (6.97%)

Xuzhou 2016 C8 (13.55%) C5 (12.10%) C9 (10.03%) C7 (8.66%) C13 (8.29%)
2017 C8 (14.55%) C5 (11.57%) C9 (10.74%) C7 (8.89%) C13 (8.88%)
2018 C8 (14.11%) C5 (10.58%) C9 (10.39%) C7 (9.93%) C13 (9.12%)
2019 C8 (14.17%) C7 (11.84%) C13 (11.00%) C9 (10.52%) C5 (7.87%)

Changzhou 2016 C5 (13.75%) C3 (12.11%) C1 (10.59%) C2 (6.61%) C15 (6.19%)
2017 C5 (12.86%) C3 (11.39%) C1 (10.04%) C15 (6.41%) C2 (6.26%)
2018 C5 (12.09%) C3 (10.77%) C1 (9.48%) C15 (8.25%) C13 (7.62%)
2019 C5 (13.50%) C3 (11.20%) C1 (9.74%) C13 (8.22%) C2 (6.11%)

Suzhou 2016 C3 (16.25%) C13 (13.89%) C1 (13.36%) C5 (9.09%) C15 (8.24%)
2017 C3 (16.02%) C1 (13.40%) C13 (11.08%) C5 (9.33%) C15 (7.49%)
2018 C3 (15.50%) C13 (13.42%) C1 (13.18%) C5 (9.68%) C15 (6.54%)
2019 C3 (14.93%) C1 (12.53%) C5 (11.48%) C13 (10.89%) C15 (7.69%)

Nantong 2016 C8 (11.28%) C1 (10.24%) C15 (9.71%) C3 (8.97%) C2 (8.03%)
2017 C8 (11.90%) C1 (11.14%) C3 (9.76%) C2 (8.54%) C9 (8.41%)
2018 C8 (11.27%) C1 (10.60%) C3 (9.03%) C2 (8.26%) C9 (8.06%)
2019 C8 (10.63%) C13 (9.62%) C1 (9.07%) C3 (8.63%) C2 (8.01%)

Lianyungang 2016 C8 (11.83%) C7 (9.37%) C5 (8.93%) C9 (8.86%) C3 (7.81%)
2017 C8 (12.04%) C9 (9.21%) C5 (8.36%) C3 (8.11%) C7 (8.07%)
2018 C8 (11.55%) C9 (8.84%) C7 (7.71%) C3 (7.68%) C5 (7.67%)
2019 C8 (11.42%) C7 (9.19%) C9 (8.81%) C15 (8.39%) C5 (8.00%)

TABLE 5 |Main Obstacle Factors for Sustainable Development of Agriculture in Jiangsu Province and Rank of Obstacle Degree from 2016 to 2019 (Part slowromancapii@)

City Year Obstacle factors and the order of obstacle degree

1 2 3 4 5

Huaian 2016 C5 (13.22%) C8 (10.92%) C9 (8.89%) C7 (7.59%) C3 (6.58%)
2017 C5 (13.17%) C8 (10.95%) C13 (9.12%) C9 (8.84%) C3 (6.68%)
2018 C5 (13.35%) C8 (11.03%) C9 (8.98%) C7 (8.37%) C13 (6.60%)
2019 C5 (12.96%) C8 (10.96%) C9 (9.00%) C7 (8.73%) C3 (6.66%)

Yancheng 2016 C8 (20.18%) C7 (18.19%) C15 (14.11%) C9 (12.89%) C20 (9.70%)
2017 C8 (19.48%) C7 (17.63%) C15 (13.42%) C9 (12.62%) C20 (9.34%)
2018 C7 (18.30%) C8 (17.90%) C9 (12.65%) C15 (10.41%) C20 (8.58%)
2019 C8 (16.33%) C7 (14.59%) C9 (11.78%) C13 (8.29%) C20 (7.90%)

Yangzhou 2016 C5 (11.22%) C3 (9.83%) C1 (8.68%) C8 (8.53%) C15 (6.83%)
2017 C5 (10.90%) C3 (9.71%) C1 (8.63%) C8 (8.36%) C7 (8.12%)
2018 C5 (11.22%) C3 (10.06%) C1 (8.63%) C8 (8.44%) C7 (6.38%)
2019 C5 (12.09%) C3 (9.77%) C1 (8.25%) C8 (8.21%) C13 (7.67%)

Zhenjiang 2016 C3 (11.62%) C1 (10.23%) C5 (9.87%) C4 (6.81%) C8 (5.88%)
2017 C3 (11.11%) C1 (10.00%) C5 (9.82%) C4 (6.65%) C13 (6.13%)
2018 C3 (10.59%) C5 (10.01%) C1 (9.90%) C4 (6.57%) C8 (5.65%)
2019 C5 (11.65%) C3 (9.89%) C1 (9.30%) C13 (6.62%) C4 (6.23%)

Taizhou 2016 C5 (12.37%) C3 (9.95%) C15 (9.10%) C8 (8.84%) C1 (8.66%)
2017 C5 (11.82%) C3 (9.71%) C15 (8.72%) C8 (8.45%) C1 (8.17%)
2018 C5 (12.02%) C3 (9.68%) C15 (8.90%) C8 (8.58%) C1 (8.14%)
2019 C5 (13.75%) C3 (9.76%) C8 (8.62%) C13 (7.91%) C1 (7.88%)

Suqian 2016 C5 (12.47%) C8 (10.98%) C7 (9.16%) C9 (8.91%) C3 (7.91%)
2017 C5 (12.68%) C8 (11.25%) C7 (9.39%) C9 (9.12%) C3 (8.39%)
2018 C5 (12.14%) C8 (10.86%) C7 (9.08%) C9 (8.82%) C3 (8.10%)
2019 C5 (12.85%) C8 (10.89%) C7 (9.12%) C9 (8.86%) C3 (8.02%)
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Lianyungang, Huai’an, Yancheng, Yangzhou, Taizhou and
Suqian. The cities with relatively low farmers’ per capita
disposable income are mainly located in central and northern
Jiangsu, showing a spatial distribution characteristic of low in the
north and high in the south. The employment structure should be
adjusted, the rural industrialization level improved and the
income level of rural residents raised.

C1 reflects the scale of agricultural production. The obstacle
degree of C1, which appeared for 4 times as a main obstacle
factor, was 7.95–13.40% in Nanjing, Wuxi, Changzhou, Suzhou,
Nantong, Yangzhou, Zhenjiang and Taizhou. The cities with
relatively low farmers’ per capita disposable income are mainly
located in southern Jiangsu and central Jiangsu where rural
industrialization is developed, which has caused the reduction
of agricultural resources and limited the development of
agriculture.

C13 reflects the mean annual concentration of the pollutant
nitrogen dioxide in the air. Nitrogen dioxide is an important

pollutant that affects air quality. In agricultural production, crop
straw burning converts the nitrogen, sulfur and other elements in
the crop straw into volatile matters or particles that enter the
atmosphere and pollute the air. Open crop straw burning should
be prohibited and the comprehensive utilization of crop straw
might be promoted to gradually improve the rural living
environment and straw fertilizer for soil improvement might
be implemented.

3.2.2 Analysis of Obstacle Factors for First-Level
Indexes
The obstacle degree of obstacle factors for the first-level indexes of
sustainable agriculture in Jiangsu Province was calculated on the
basis of the obstacle diagnosis model, see Figure 6. The factors
with an obstacle degree greater than 10% were taken as the key
obstacle factors for evaluation objects (Chen et al., 2020). The key
first-level indexes that restrict the sustainable development of
agriculture in Jiangsu Province include B1 (agricultural

FIGURE 6 | Obstacle degree of first-level indexes for sustainable agriculture in jiangsu province.
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economy), B2 (agricultural society) and B4 (agricultural
resources).

From the perspective of main obstacle factors for different
areas, in areas along the sea and the river, rural
industrialization has promoted the rapid development of
rural economy, but the development of the rural economy
has caused such problems as the gradual decrease in cultivated
land and other agricultural resources and the decline of the
status of the agricultural industry. While great achievements
have been made in the agricultural and rural economy in areas
along the sea and the river, a series of problems, such as the
over-exploitation of agricultural resources, the overuse of
agricultural inputs, the over-exploitation of groundwater and
the superposition of pollution from internal and external
sources of agriculture have become prominent. In these
areas the occupation of cultivated land and the development
and utilization of water resources might be strictly controlled,
new technologies and new products for the protection and
efficient utilization of resources should be implemented, so as
to keep improving the utilization efficiency of land and water
resources. Besides, in such areas, benefit compensation
mechanism and reward and punishment mechanism for
agricultural resources might also be established, agricultural
resources recuperation might be carried out in an appropriate
and orderly manner, the protection and construction of
agricultural ecology might be strengthened, the sustainable
utilization of resources might be promoted, improving the
level of agricultural economy to cope with the challenges
facing the sustainable agriculture in areas along the sea and
the river. The index agricultural society of such cities in
northern Jiangsu as Xuzhou and Yancheng is a key factor
restricting the sustainable development of agriculture. The
integrated and coordinated development of agricultural rural
economy in southern Jiangsu - central Jiangsu - northern
Jiangsu should be realized. Finance might be made full of to
narrow the income gap and promote social progress.
Vocational training and employment assistance might be
provided to the rural labor force and people with difficulty
in finding jobs to effectively ensure people’s well-being and
increase employment. The sustainable agriculture in northern

Jiangsu might be improved by improving farmers’ per capita
disposable income and the quality of social public services.

3.3 Tobit Regression Analysis
Table 5 shows the measuring results of the random effect panel
regression model obtained by Stata statistical software. The LR
test results at the bottom of Table 6 strongly reject H0: σu = 0.
Therefore, it is considered that there is an individual effect; and
the panel Tobit regression with random effect should be used.

According to the measuring results in Table 5, X1, X2, X4, X5
and X6 have positive effect on the SADL in Jiangsu Province,
indicating that improving the local science and technology, water
conservancy, environment, health, culture and social security
services is vital for improving the SADL in cities in Jiangsu
Province; the total output value of education X3, however, has
negative effect on the SADL in Jiangsu Province, but this effect is
not significant; in other words, cities with higher education
service level do not have higher SADL; the reason for this is
that locally educated students do not stay local upon their
graduation. Among influencing factors of sustainable
agriculture in Jiangsu Province, the coefficient of the effect of
the total output value of culture, sports and entertainment
industry X5 on the sustainable agriculture is greatest, followed
by that of the total output value of health and social work X4 and
the total output value of scientific research and technical services
X1. The results showed that vigorously developing cultural and
health services and strengthening scientific research and technical
service construction in Jiangsu Province can effectively improve
the SADL in Jiangsu Province.

4 CONCLUSIONS AND SUGGESTIONS

In this paper, the data of 13 cities in Jiangsu Province from 2016
to 2019 and the entropy weight-TOPSIS model were used to
evaluate the sustainable development level of agriculture in
Jiangsu Province; besides, the obstacle diagnosis model was
used to find out the main obstacle factors for the sustainable
development of agriculture in Jiangsu Province, calculateing their
obstacle degree; moreover, the Tobit regression model was

TABLE 6 | Output of tobit regression.

Y Coef Std. Err z p > |z| 95% Conf. Interval

X1 0.000 131 7 0.000 2613 0.5 0.614 −0.000 380 3 0.000 643 8
X2 0.000 084 0.000 3718 0.23 0.821 −0.000 644 7 0.000 812 6
X3 -0.000 1952 0.000 2616 -0.75 0.456 −0.000 708 0.000 317 5
X4 0.000 151 6 0.000 3111 0.49 0.626 −0.000 458 1 0.000 761 3
X5 0.000 221 3 0.000 2201 1.01 0.315 −0.000 210 1 0.000 652 7
X6 0.000 036 8 0.000 0837 0.44 0.661 −0.000 127 4 0.000 200 9
_cons 0.391 026 1 0.040 4638 9.66 0 0.311 7185 0.470 333 6

/sigma_u 0.127 108 4 0.026 5149 4.79 0 0.075 1401 0.179 076 7
/sigma_e 0.022 212 6 0.002 5623 8.67 0 0.017 1906 0.027 234 6

rho 0.970 366 3 0.014 0828 0.930 0806 0.989 162 6

LR test of sigma_u = 0 chibar2 (01) = 85.27 Prob > � chibar2 = 0.000
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established to analyze the main influencing factors for the
sustainable agriculture development level (SADL) in Jiangsu
Province. Conclusions are as follows:

1. From the perspective of time series evolution, from 2016 to
2019, the SADL in Jiangsu Province showed an upward trend;
the difference in the SADL between cities in Jiangsu Province
narrowed slightly, but the overall gap was still large.

2. From the spatial pattern evolution, the SADL in areas along
the lake, the sea and the river were significantly higher than
that in other areas. A high value belt of sustainable
development of agriculture in Xuzhou - Yancheng -
Nantong - Suzhou, where there is a higher agricultural
resource endowment than that in other areas, was formed.

3. From the evolution of the SADL in different areas in Jiangsu
Province, a U-shaped regional difference characteristic with
the highest level in northern Jiangsu, the medium in southern
Jiangsu and the lowest in central Jiangsu was formed. Rural
industrialization caused the gradual decrease of agricultural
arable land resources, resulting in a lower level of sustainable
development of agriculture.

4. The output value of agriculture, animal husbandry and
agriculture, forestry, animal husbandry and fishery services,
farmers’ per capita disposable income and the content of NO2
in the air are the main obstacles influencing sustainable
agriculture in Jiangsu Province.

5. Cultural and health services, scientific research and technical
service construction have the greatest influence on the
sustainable agriculture in Jiangsu Province.

The following policy suggestions are proposed herein based on
the conclusions above:

1. Attention might be paid to the sharp downward trend of
agricultural resources in Jiangsu Province. In Jiangsu
Province, the efficient utilization of natural resources might
be promoted by intensifying land use, economizing land use,
reducing water resource consumption and rationally utilizing
renewable resources, and equal importance to protection and
development might be attached, so as to realize the sustainable
utilization of natural resources.

2. The difference in the SADL between different areas in Jiangsu
Province has limited the high-quality development of
agriculture in Jiangsu Province. For that reason, the
combination of regional overall planning and regional
governance and formulate policies might be advocated to
realize the goal of sustainable development of agriculture in
Jiangsu Province according to local conditions.

3. While great achievements have been made in the agricultural
and rural economy in areas along the sea and the river, a series
of problems, such as the over-exploitation of agricultural
resources, the overuse of agricultural inputs, the over-
exploitation of groundwater and the superposition of pollution
from internal and external sources of agriculture have become
prominent. In these areas, the occupation of cultivated land and
the development and utilization of water resources might be
strictly controlled, new technologies and new products such as

water recycling, soil and water resource restoration, soil
conservation and water storage and soil improvement,
implementation of integrated farming system for the protection
and efficient utilization of resources might be implemented, so as
to keep improving the utilization efficiency of land and water
resources. Besides, in such areas, beneficial compensation
mechanism and reward and punishment mechanism for
agricultural resources might also be established, agricultural
resources recuperation might be carry out in an appropriate
and orderly manner, the protection and construction of
agricultural ecology might be strengthened, the sustainable
utilization of resources might be promoted, improving the level
of agricultural economy to cope with the challenges facing the
sustainable agriculture in areas along the sea and the river.

4. Since the index agricultural society in northern Jiangsu is a key
obstacle restricting the sustainable development of agriculture,
finance should be made full of to narrow the income gap and
promote social progress. Vocational training and employment
assistance should be provided to the rural labor force and people
with difficulty in finding jobs to effectively ensure people’s well-
being and increase employment. The SADL in northern Jiangsu
should be improved by improving farmers’ per capita
disposable income and the quality of social public services.

5. In Jiangsu Province, scientific research and technical service
construction might be strengthened, input into cultural and
health services might be increased, the social security service
system might be improved, the level and area of social security
might be raised, the quality and efficiency of public relations
management might be improved and the gap between urban
and rural areas might be narrowed.
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