
Citation: Li, Z.; Fu, W.; Luo, M.;

Chen, J. The Coupling Coordination

between the Competitiveness Level

and Land Use Efficiency of Green

Food Industry in China. Land 2022,

11, 2116. https://doi.org/

10.3390/land11122116

Academic Editor: Hossein Azadi

Received: 29 September 2022

Accepted: 22 November 2022

Published: 24 November 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

land

Article

The Coupling Coordination between the Competitiveness Level
and Land Use Efficiency of Green Food Industry in China
Zhongming Li 1 , Wei Fu 1,*, Mingcan Luo 1 and Jiancheng Chen 2

1 College of Economics and Management, Southwest Forestry University, Kunming 650224, China
2 College of Economics and Management, Beijing Forestry University, Beijing 100083, China
* Correspondence: fuw@swfu.edu.cn; Tel.: +86-15987197775

Abstract: With the development of the green food industry, land conflicts are gradually escalating,
and the coordinated development of competitiveness level and land use efficiency is crucial to the
green food industry. The competitiveness level of China’s green food industry at the provincial level
between 2011 and 2020 was measured by constructing an index system using the entropy method
and VlseCriterion Optimisation and Compromise Resolution (VIKOR) method, and then the land
use efficiency was evaluated using the super efficiency Slacks-based Measurement (SBM) model, and
the coupling coordination degree was analyzed using the coupling coordination model based on the
results of both measurements. The results showed that the competitiveness level of the green food
industry was “high in the west and low in the east”; most provinces and cities were with the middle
competitiveness level. Land use efficiency generally showed a trend of rising and then falling and
leveling off, and the average value of the three regions was ranked as eastern (1.13) > western (0.84)
> middle (0.63). The mean value (0.82) of the overall coupling coordination in China floated at the
boundary of high-quality coordination, and all three regions showed a trend of rising and then falling
and leveling off, and the number of provinces and cities in high-quality coordination in China was
shifting from the north to the south during 2011–2020. This study can provide theoretical support for
the coordinated development between industrial development and land use, and provide feasible
suggestions for the intensive and efficient use of resources.

Keywords: coupling coordination model; green food industry; competitiveness; land use efficiency

1. Introduction

Along with the rapid economic growth in China, consumers are increasingly concerned
about food quality and safety [1]. Many Chinese households are increasingly concerned
about their health, pursue a high-quality lifestyle, focus on environmental protection and
food safety, and prefer to purchase safe and green foods [2,3]. Green foods are becoming
a viable option due to the growing interest of the population in quality food, health, and
sustainable living [4].

In China, the food certification system is divided into three levels, indicating the
stringency of the relevant standards, namely safe food, green food, and organic food [2].
Since the 1990s, green food has been one of the most successful eco-labeling innovations
in the Chinese food production industry [5]. First introduced by the Chinese Ministry of
Agriculture in 1990, green food refers to a unique Chinese food certification scheme that
indicates that food is produced according to sustainable development principles, with
standard operating procedures applied throughout the industry chain and designated
by the China Green Food Development Center (CGFDC) [6]. Green foods are defined
as foods that originate from a high-quality environment and are produced using specific
technologies with strict production quality process controls that ensure safety for human
consumption [7]. In the application for a green food license, mainly in accordance with
the “Green Food Mark Management Measures” to carry out the relevant work, an audit
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is also needed to manage and follow up the inspection. The object of the license and the
quality and safety of the relevant products of green food is subject to the regulation of
the “Food Safety Law of the People’s Republic of China” and the “Quality and Safety
Law of the People’s Republic of China for Agricultural Products”. Green food labeling
review procedures and technical specifications continue to supplement and revise; the
annual inspection of green food enterprises, product sampling, market surveillance, risk
warning, elimination and withdrawal of post-certification regulatory system has been
fully established and implemented to green food labeling management as the core of the
institutional system has been basically established [8]. There are two different standards
for green foods, including Grade A and Grade AA. Grade A allows food producers to use
limited chemical pesticides, chemical fertilizers, and other chemical inputs. Grade AA
has more stringent standards that are equivalent to the Chinese organic food production
standards [9]. Moreover, 36 provincial-level green food working agencies, 325 municipal-
level working agencies, and 2076 county-level working agencies have been established
in China, covering 97.6% of prefectures and 72.7% of cities nationwide [10]. In addition,
green food-designated environmental monitoring institutions and product quality testing
institutions have been set up to achieve quality supervision of the entire industrial chain of
green food from origin to product.

The green food industry is growing rapidly in China [11]. The belief that green foods
are healthier than conventionally produced foods is an important reason for the growing
interest in green foods worldwide [12]. At the same time, the growing demand for green
foods reflects consumers’ concerns about the destructive nature of traditional agriculture
and people’s health environment [13,14]. Therefore, there is a wealth of current research
related to green foods, especially consumer preferences for green foods. However, the
development of the green food industry is closely related to natural conditions, such as
land, but few studies have analyzed this association [15].

Land resources are not only the spatial carriers of social and economic development
but also the carriers of environmental and ecological services. In the case of limited land
stock, improving land use efficiency is an important step to promote rational land use and
achieve sustainable development [16]. Academic research on land use efficiency originated
from the theory of market allocation efficiency in neoclassical economics in the 1870s [17].
The application of ecological location theory in the 1920s further enriched the study of
land use efficiency. Many scholars have conducted numerous empirical studies on land
use change [18], efficiency measurement and assessment [19], and optimization modeling
strategies [20]. Land use efficiency is a concept that embodies sustainable development
and is driven by natural, economic, and social impacts. Previous research on land use
efficiency focused on two aspects. On the one hand, it explored the land use values of
specific land use types, the spatial differences, saving potential and influencing factors
of arable land [21], industrial land [22], and urban construction land [23]. On the other
hand, the relationship between land use values was discussed, looking at socio-economic
development, environmental constraints, and economic transition formation from the
perspective of resource use [24]. Land use is an objective law formed by the interaction
and influence of different land use types. This shows that different land use structures can
provide different production materials and services that meet the needs of human activi-
ties [25]. Land use types have two relationships, including competition and cooperation.
In the competitive relationship, depending on their comparative advantage, an increase
in one type implies a decrease in the other type. In a cooperative relationship, the two
land use types are interdependent and increase together [26]. Under natural conditions,
the value of land use contribution to ecosystem services is closely related to the area of
regional land use and the degree of interaction of other natural elements [27]. In the past
few years, local governments in China, motivated by economic growth and a political
impetus, have challenged regional sustainable development by increasing the scale of land
transfers for investment projects, which has led to many problems, such as the reduction
in arable land and inefficient land use [28]. Currently, there are various forms of land use
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conflicts in China, such as conflicts between urban expansion and arable land protection,
conflicts between protected land and productive land (e.g., arable land and construction
land), and conflicts between overuse of land and land degradation [29]. It predicted that
China’s total demand for arable land, total demand for pastureland, and total demand
for forest land will continue to grow from 2011 to 2050. Total land demand in China is
expected to continue to grow without sufficient improvements in production efficiency, and
the pressure posed by dietary changes on land resources related to food supply will remain
high in the future [30]. At the same time, at the provincial level, the higher the population
density, the higher the intensity of land use conflicts, and it is imperative for China, as the
world’s most populous country, to improve the efficiency of agricultural land use [29].

Growing population and consumption led to increased demand for food, which
increased competition for land and thus affected the ability to produce food, while plant-
based products replaced non-renewable energy sources, leading to a growing demand for
land [31]. The expansion and intensification of agricultural land have become one of the
major threats to environmental degradation and biodiversity conservation [32]. At the
same time, along with industrialization, soil degradation has become an urgent ecological
problem and an important threat to sustainable food production [33]. Rwanda is the
most densely populated country in Africa, and this denseness makes land one of the key
resources in the country, with the majority of the working population relying on it for their
livelihoods, and Rwanda’s food security problems have been attributed to land scarcity
and inadequate policies [34]. In addition to this, a study in Bangladesh indicated that
more than half of the surveyed households experienced a decrease in crop land and an
increase in tree plantations over the last 30 years [35]. The quantity and quality of land are
closely related to national food security, sustainable agricultural production, and public
health [36]. Widespread changes in land use worldwide caused by human activities have
affected human health and ecosystems [37]. Land use is one of the determinants of future
food demand and supply [38]. Food production is the most basic and concrete example
of human dependence on land [32]. The Swedish government issued the Green Public
Procurement (GPP) policy in 2006, stating that the public sector should increase organic
food consumption to 25% in order to achieve the national environmental goal of 20%
organic farmland by 2010. In 2017, a new, more ambitious policy stated that by 2030, the
public sector food consumption of organic share would reach 60%, and the share of organic
farmland would reach 30% [39]. Against the backdrop of increasing human concern for
their own health and growing land use problems, it is significant to explore the degree of
the coupling coordination between the level of competitiveness and land use efficiency of
China’s green food industry.

The competitiveness level of China’s green food industry, land use efficiency, and
the coupling coordination between them were focused on. After the existing studies, it
was predicted that the competitiveness of China’s green food industry was at a high level,
the land use efficiency of China’s green food industry showed a decreasing trend, and
the coupling coordination between the two was good. Firstly, this study measured the
competitiveness level of China’s green food industry during 2011–2020 by constructing an
index system firstly using the entropy method and VlseCriterion Optimisation and Com-
promise Resolution (VIKOR) method, and then evaluated the current land use efficiency
of the green food industry in each province and city through super-efficient Slacks-based
Measurement (SBM) model. Based on the above two results combined with the coupling
coordination model, the coupling coordination between the competitiveness level and
land use efficiency of China’s green food industry was evaluated and analyzed from both
time and space perspectives. By studying the coupling coordination of competitiveness
level and land use efficiency of the green food industry in China, it had certain theoretical
significance for expanding the research horizon of agricultural land and realizing regional
targeted development of the industry. At the same time, studying the coupling coordination
of competitiveness level and land use efficiency of the green food industry was of great
significance for optimizing the industrial structure and promoting healthy, sustainable,
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stable, and efficient development of the green food industry. It provided theoretical and
methodological support for the government to formulate industrial policies, development
strategies, and investment decisions of relevant stakeholders. It also had reference signifi-
cance for the solution of land contradiction problems in the green food industry in various
provinces and cities in China.

2. Mechanism of Action

The green food industry has the characteristics of a highly connected and driven indus-
try. Improving its competitiveness not only has a direct impact on land use efficiency but
also can indirectly affect land use efficiency through infrastructure construction, industrial
structure adjustment, and other factors, and the mechanism of action is shown in Figure 1,
where the solid line indicates direct impact and the dashed line indicates indirect impact.
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2.1. Direct Impact

Enhancing the competitiveness of the green food industry is an important path to
serve rural revitalization and promote farmers’ income and prosperity. Green food industry
production and processing are inseparable from land resources, but due to soil degradation
and other reasons, enhancing the land-use efficiency of the green food industry becomes
a more feasible method. At the same time, the development of the green food industry
revitalizes the idle labor force in rural areas, enriches the function of land, and promotes the
intensive use of land resources. However, the current vague concept of land use in the green
food industry and the lack of corresponding land use classification guidance have reduced
the efficiency of land use and increased the downward pressure on land use efficiency.

2.2. Indirect Impact

China’s green food industry is weak in processing, especially in livestock products
and aquatic products, which are mostly sold in the form of raw materials. The green food
industry involves both agricultural and industrial land, and as an industry that closely
depends on land development, it should increase the construction of infrastructure to
promote technological progress and drive economic benefits through infrastructure on
the one hand, and improve the business environment and contribute to the premium of
surrounding land on the other. The higher the land revenue, the stronger the attraction to
the concentration of economic factors, the more intensive the economic activities it carries,
and the higher the degree of intensive land use.

The development of the green food industry promotes the rationalization, advanced,
and service evolution of regional industrial structure, which in turn has a profound impact
on land use efficiency. Firstly, spatial planning guides the rationalization of industrial layout
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promotes inter-industry and intra-industry synergy and correlation effects, accelerates
the formation of industrial clusters, and realizes the improvement of land use efficiency.
Secondly, in order to enhance regional competitiveness, the industrial structure further
evolves to an advanced level on the basis of rationalization, realizes regional total factor
productivity enhancement, promotes technological progress, and improves land output
efficiency. Thirdly, the servitization of industrial structure realizes land value-added by
increasing industrial value-added, but the trend of economic servitization may reduce total
factor productivity and thus affect land use efficiency. Fourthly, as the industrial structure
is optimized and upgraded, the competition among industries will become more intense,
and when the crowding effect is greater than the agglomeration effect, land use efficiency
will also decline.

3. Data and Methods
3.1. Study Area

China is a vast territory and has rich natural resources and a variety of green food raw
materials [40]. After decades of development, the green food industry has a certain scale.
At present, China’s green food products are mainly agricultural, forestry, and processed
products, mainly concentrated in vegetables and fresh fruits. As recorded by “Green
Food Statistical Report (2020)”, a total of 8075 units and 16,863 products were certified in
2020 in China, with a total area of 156 million acres of origin testing environment. One
hundred and seventy-one million acres of land were applied to green food cultivation in
2020 in China, an increase of 5 million acres compared with 2019, and annual domestic
sales in 2020 amounted to CNY 507.565 billion; when compared with 2019, there was also
certain increase. At the same time, as a major raw material country, China’s green food
exports in 2020 were up to USD 3.678 billion. The green food industry, as a new industry
with great development potential, has received much attention from many sides, bringing
great benefits from economic, social, and ecological aspects. In order to promote the
competitiveness of the green food industry, the planting area of green food raw materials
in China also needs to continue to expand, but the increase in the area of origin inevitably
brings about changes in the structure, quantity, and extent of land use, and problems such
as the contradiction between human and land are gradually highlighted.

At the same time, as China’s cities continue to expand, urban construction land has
increased dramatically. In 2012, China’s per capita arable land was far below the world
average [41]. In 2019, China’s built-up area was as high as 60,312.45 square kilometers. In
the early 1990s, China began to strengthen land use management, including guarding arable
land resources and restraining the growth of built-up areas [42]. At present, the Chinese
government has implemented many land management policies, such as the relevant plans
for urban and rural construction land [43]. How to identify effective land use strategies to
balance economic growth and land resources is a key issue.

Therefore, the evaluation of the coupling coordination between the competitiveness level of
China’s green food industry and land use efficiency is not only important for the development
of China’s green food industry but also beneficial for the improvement of the spatial allocation
efficiency of land resource elements and the intensive and efficient use of resources.

3.2. Indicator System Construction
3.2.1. Green Food Industry Competitiveness Level Measurement Index System

This is based on the core meaning of industrial competitiveness and the principles of
index selection and is combined with the existing research results [44]. In combination with
Figure 1, the mechanism between the competitiveness and land use efficiency of the green
food industry, five secondary indicators of production efficiency, product quality, economic
efficiency, social efficiency, and ecological efficiency were selected to build a green food
industry competitiveness level measurement index system, as shown in Figure 2.
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3.2.2. Land Use Efficiency Evaluation Index System

With reference to the existing literature, in combination with Figure 1, the mechanism
between the competitiveness and land use efficiency of the green food industry, land use
efficiency is measured in two dimensions, input and output [45]. The construction and
development of provinces and cities depend on the inputs of land, capital, labor, and other
factors. In terms of output indicators, along with the current economic transformation in
China, more and more attention is paid to environmental protection, and the expected
output and non-expected output in the process of urban land use are included in the
measurement system at the same time. The expected output mainly consists of economic,
social, and ecological benefits, and the non-expected output considers the ecological losses
generated in the land use process.

By regarding input factors combining land, capital, and labor as the three basic factors
of production, land input, capital input, and labor input were selected. Regarding the
land input index, the sown area reflects the input of green food production in terms of
land. Regarding the capital input index, the investment in rural fixed assets is an important
source of basic capital required for green food production, which is an important pavement
for the future development of green food. Regarding the labor input index, talents are
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the source of industrial development, and the employees of agriculture, forestry, animal
husbandry, and fishery are the main force for the development of the green food industry.

Regarding the expected output, the evaluation of land use efficiency should take into
account the economic benefits generated by the land use process while taking into account
the benefits of social welfare, ecological civilization, and other parties, so the expected output
indicators of land use efficiency were selected from three aspects: economic benefits, social
benefits, and ecological benefits. Regarding the indicators of economic benefits, the value
added of primary industry, as an important indicator reflecting the level of national economic
development, the greater its contribution to domestic GDP, the higher the level of advanced
industrial structure and economic development. Regarding the indicators of social benefits,
the per capita disposable income is an important indicator measuring the living standard of
residents and has significant and direct social benefits. Regarding the indicators of ecological
benefits, the forest coverage rate, as an important indicator measuring regional ecological
security, is conducive to revealing the level of regional green development.

Regarding the non-desired output, the emissions of wastewater and exhaust gases
were selected as a direct manifestation of the negative externalities of the economic and
social activities of the green food industry on the environment, which can characterize the
ecological losses generated in the process of economic development, as shown in Figure 3.
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3.3. Data Sources

The original data for the years 2011–2020 were mainly obtained from the “China
Statistical Yearbook”, “China Rural Statistical Yearbook”, “Green Food Statistical Report”, and
provincial statistical yearbooks and other official data, based on which the data were
processed to study the coupling coordination between the competitiveness level of China’s
green food industry and land use efficiency.

Moreover, based on the division in the “China Statistical Yearbook”, 31 Chinese provinces
and cities (excluding Hong Kong, Macao, and Taiwan) are divided into three regions based
on their geographical locations, eastern, middle, and western, as shown in Table 1.
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Table 1. Coverage of the three major regions in China.

Region Scope

Eastern Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang,
Fujian, Shandong, Guangdong, Hainan

Middle Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan

Western Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan,
Tibet, Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang

3.4. Methods
3.4.1. Entropy Method

The entropy method calculates the objective information amount of each indicator by
analysis and thus weights the indicators, and the indicators with high weights have a large
impact on the comprehensive evaluation [46]. The calculation process is standardizing the
original data, calculating the ratio and entropy value of indicators, finding the coefficient of
variability, and calculating the weights.

3.4.2. VIKOR Method

The VIKOR method is proposed by Opricovic and Tzeng et al. [47]. The VIKOR method
is a multi-attribute decision-making method based on a compromise solution, which analyzes
the maximization of group utility and minimization of individual regret based on a special
measure of “closeness” and incorporates the subjective preferences of multiple decision-
makers to make the evaluation results more reasonable and reliable. The standardized data
and weights calculated by the entropy method are used to calculate the VIKOR value by
calculating the positive ideal solution and negative ideal solution on this basis.

Assuming that there are m competitiveness level indicators, n is the number of years
in the data sample, and Xij denotes the i-th competitiveness level indicator value in year j;
the standardized attribute values are:

fij =
Xij√

∑m
i=1 Xij

2
, i = 1, 2, · · ·m; j = 1, 2 · · · n (1)

Afterward, the positive and negative ideal solutions are calculated, the maximum and
minimum values of each indicator of the competitiveness level are found for each year:

fi
∗ =

{
maxj fij

}
(2)

fi
− =

{
minj fij

}
(3)

fij is the assessed value of indicator i in year j after standardization, fi
∗ is the maximum

value of indicator i in each year, and fi
− is the minimum value of indicator i in each year.

Sj =
n

∑
i=1

wi
(

fi
∗ − fij

)
fi
∗ − fi

− (4)

Rj = Max

[
wi
(

fi
∗ − fij

)
fi
∗ − fi

−

]
(5)

where Sj denotes the weighted distance from the evaluated value of the j-th year to the
positive ideal solution, and Rj denotes the weighted distance from the evaluated value of
the j-th year to the negative ideal solution.

Qj =
v
(
Sj − S∗

)
S− − S∗

+
(1−V)

(
Rj − R∗

)
R− − R∗

(6)
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where Qj denotes the VIKOR value of the competitiveness level in the j-th year. Where
S∗ = minSj, S− = maxSj, R∗ = minRj, R− = maxRj, S∗ is the maximum utility of the
competitive level group, R∗ is the minimum regret of the competitive level group, and v is
the maximum group utility weight. When v < 0.5, it means that the solution is approved
by the majority of the group, and when v > 0.5, it means that the solution is rejected by
the majority of the group. Therefore, to simultaneously pursue the maximization of group
utility and the minimization of individual regret, v is set to 0.5.

3.4.3. Super-Efficient SBM Model

Data Envelopment Analysis (DEA) is a non-parametric method that can be used to
deal with the efficiency problem between multiple inputs and multiple outputs, and the
efficiency value of the evaluated unit is measured based on the frontier surface composed
of input and output indicators of all evaluation units. The super-efficient SBM model
is based on the traditional DEA model, and the slack variables are directly put into the
objective function to solve the input–output slackness problem [48]. Additionally, when the
super-efficient SBM model is in the calculation of efficiency values, the effective research
unit efficiency values can be further decomposed so that it is greater than 1. The model is
set as follows:

U =
1 + 1

m ∑m
i=1

s−i
xik

1− 1
s1+s2

(
∑s1

r=1
sg

r
yg

rk
+ ∑s2

r=1
sb

r
zb

rk

) (7)

s.t.


xk ≥ Xλ− s−

yg
k ≤ Ygλ + sg

zb
k ≥ Zbλ− sb

s− ≥ 0, sg ≥ 0, sb ≥ 0, λ ≥ 0

(8)

where U is the land use efficiency value to be calculated; m, s1, and s2 are the number of input,
desired output, and undesired output factors, respectively; s−, sg, and sb are the slack of input,
expected output, and non-expected output; x, yg, and zb are the value of the input, expected
output, and non-expected output, respectively; λ is the weight vector; X, Yg, and Zb are the
matrices composed of input, expected output, and non-expected output, respectively.

3.4.4. Coupling Coordination Model

The coupling coordination model is used to analyze the relationship between the
level of industrial competitiveness and land use efficiency. It is often used to measure the
degree of coordinated development of different systems and is widely used in urbanization,
industrial development, and ecological environment systems. The coupling degree reflects
the degree of synchronization between two systems [49], while the coupling coordination
degree takes into account the development level of the two systems and the coordination
degree between the two systems at the same time, the coupling coordination degree
reflects the degree of synchronization of the two systems and their development level as a
whole [50].

C = 2
[

Q×U
∏(Q + U)

] 1
2

(9)

T = aQ + bU (10)

D =
√

C× T (11)

where C is the coupling degree, T is the development degree, and D is the coupling
coordination degree. Referring to the existing grading criteria and combined with the
calculation results, the coupling coordination degree is divided into seven levels, as shown
in Table 2 [51]. a and b are parameters to be determined, which indicate the relative
importance of two subsystems to the total system. Therefore, a = b = 0.5 in this paper, as
both are equally important.
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Table 2. Coupling coordination degree taking value and grading.

Range of Values Coupling Coordination Level

0 ≤ D < 0.3 Severe disorder
0.3 ≤ D < 0.4 Major disorder
0.4 ≤ D < 0.5 Mild disorder
0.5 ≤ D < 0.6 Primary coordination
0.6 ≤ D < 0.7 Moderate coordination
0.7 ≤ D < 0.8 Good coordination

D ≥ 0.8 High-quality coordination

4. Empirical Analysis
4.1. Competitiveness Level of Green Food Industry by Provinces and Cities in China

By using the entropy method to determine the index weights, the competitiveness
levels of the green food industry in 31 provinces and cities (excluding Hong Kong, Macao,
and Taiwan) in China during 2011–2020 were calculated separately by the VIKOR method.
During the period of 2011–2020, the competitiveness level of China’s green food industry
is stronger in the west than in the middle and the east, that is, “the west is higher than
the east is lower”, mainly because of the obvious advantages of Gansu, Qinghai, Ningxia,
and Xinjiang four provinces in the northwest of China. The middle region and the eastern
region scores are similar; the difference is small, as shown in Table 3.

Based on the measurement results of the competitiveness level of the green food
industry in each province and city in China from 2011 to 2020, grading results were defined
in a hierarchical manner by system clustering through SPSS 26.0. Based on the results of
systematic cluster analysis and existing studies, the 31 provinces and cities (excluding Hong
Kong, Macao, and Taiwan) are divided into three categories, including high competitive
regions, medium competitive regions, and low competitive regions.

The first category of high competitive areas includes five provinces and cities, Tianjin,
Gansu, Qinghai, Ningxia, and Xinjiang. The above five provinces and cities in China’s green
food industry competitiveness level measurement ranking for a long time during 2014–2020
are in the forefront. Qinghai, Xinjiang, and Gansu, respectively, ranked first, second, and
third in China’s green food industry competitiveness level; it can be seen that the above
three provinces for green food industry competitiveness advantage are obvious. Take
Qinghai, which has the most significant advantages, as an example, the soil, air, and water
resources in Qinghai are less affected by pollution; the temperature difference between
day and night is large; the light radiation is strong; and the good ecological environment
is beneficial to the planting and cultivation of green food, which lays a solid foundation
for the development of green food industry in Qinghai. At the same time, the Qinghai
provincial government supported the idea of the green food industry; in 2006, it already
put forward the “General Office of Qinghai Provincial People’s Government on accelerating
the development of pollution-free agricultural and livestock products green food organic
agricultural and livestock products opinions”. As a leading model province in China’s
green food industry competitiveness, the development experience of Qinghai’s green food
industry is worthy of reference and promotion.

The second category of medium competitive areas includes Beijing, Hebei, Liaoning,
Guangdong, Shanxi, Jilin, Anhui, Henan, Hubei, Hunan, Guangxi, Chongqing, Sichuan,
Guizhou, Yunnan, Tibet, Shaanxi, seventeen provinces and cities. There are more provinces
and cities in the middle level of competitiveness of China’s green food industry, which also
reflects the current situation of competitiveness of China’s green food industry; that is, the
advantages and disadvantages are not obvious and are mostly located in the middle level.
Among them, Shanxi, Tibet, and Beijing show growth from 2020 onwards, all due to the
significant increase in the number of employees in the green food industry and the area
of green food production bases, which promote the positive development of the industry.
In contrast, Guizhou and Yunnan were in first place in 2013 but gradually declined in the



Land 2022, 11, 2116 11 of 22

following years, inextricably related to the reduction in production base area and effective
irrigation area.

Table 3. Green food industry competitiveness level of each province and city in China during
2011–2020.

Provinces and
Cities 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Beijing 0.47 0.46 0.87 0.48 0.48 0.52 0.55 0.49 0.50 0.53
Tianjin 0.73 0.70 0.82 0.65 0.66 0.70 0.71 0.57 0.58 0.59
Hebei 0.42 0.38 0.81 0.48 0.51 0.51 0.50 0.47 0.49 0.51

Liaoning 0.47 0.45 0.91 0.47 0.48 0.49 0.46 0.44 0.47 0.44
Shanghai 0.36 0.37 0.55 0.36 0.37 0.41 0.48 0.38 0.52 0.55
Jiangsu 0.46 0.46 0.63 0.33 0.40 0.38 0.31 0.32 0.24 0.27

Zhejiang 0.24 0.26 0.79 0.26 0.33 0.32 0.35 0.34 0.35 0.33
Fujian 0.31 0.32 0.00 0.31 0.34 0.35 0.38 0.36 0.39 0.37

Shandong 0.33 0.28 0.71 0.38 0.48 0.39 0.39 0.35 0.36 0.38
Guangdong 0.44 0.45 0.94 0.46 0.49 0.49 0.50 0.46 0.49 0.47

Hainan 0.33 0.34 0.87 0.36 0.36 0.39 0.41 0.38 0.37 0.36
Eastern average 0.42 0.41 0.72 0.41 0.44 0.45 0.46 0.41 0.43 0.44

Shanxi 0.61 0.60 0.93 0.57 0.61 0.62 0.58 0.55 0.57 0.56
Jilin 0.43 0.48 0.97 0.50 0.53 0.53 0.51 0.49 0.50 0.52

Heilongjiang 0.15 0.16 0.67 0.16 0.16 0.16 0.16 0.16 0.21 0.16
Anhui 0.48 0.44 0.87 0.50 0.55 0.52 0.48 0.49 0.47 0.43
Jiangxi 0.32 0.31 0.93 0.35 0.36 0.38 0.37 0.34 0.38 0.39
Henan 0.51 0.49 0.85 0.54 0.55 0.58 0.58 0.54 0.53 0.51
Hubei 0.46 0.49 0.89 0.43 0.48 0.47 0.47 0.44 0.48 0.48
Hunan 0.43 0.42 0.86 0.42 0.43 0.44 0.42 0.41 0.43 0.43

Middle average 0.43 0.42 0.87 0.44 0.46 0.46 0.45 0.43 0.45 0.44

Inner Mongolia 0.29 0.38 0.92 0.36 0.38 0.38 0.38 0.35 0.35 0.32
Guangxi 0.42 0.41 0.97 0.43 0.44 0.46 0.47 0.43 0.46 0.43

Chongqing 0.55 0.53 0.92 0.51 0.43 0.54 0.53 0.48 0.48 0.45
Sichuan 0.48 0.46 0.94 0.50 0.54 0.53 0.49 0.47 0.51 0.52
Guizhou 0.56 0.54 0.98 0.50 0.50 0.51 0.49 0.43 0.47 0.45
Yunnan 0.45 0.43 0.97 0.41 0.43 0.44 0.46 0.42 0.43 0.44

Tibet 0.45 0.46 0.75 0.48 0.49 0.53 0.53 0.52 0.56 0.56
Shaanxi 0.46 0.46 0.94 0.48 0.48 0.50 0.50 0.48 0.51 0.48
Gansu 0.72 0.69 0.87 0.71 0.75 0.74 0.71 0.74 0.74 0.73

Qinghai 0.98 0.98 0.94 0.95 0.95 0.95 0.95 0.97 0.97 0.97
Ningxia 0.72 0.70 0.95 0.65 0.67 0.67 0.61 0.58 0.60 0.55
Xinjiang 0.87 0.84 0.85 0.86 0.89 0.88 0.88 0.87 0.89 0.86

Western average 0.58 0.57 0.92 0.57 0.58 0.59 0.58 0.56 0.58 0.56

National average 0.48 0.47 0.83 0.48 0.50 0.51 0.50 0.47 0.49 0.48

The third category of low competitiveness areas mainly includes Shanghai, Jiangsu,
Zhejiang, Fujian, Shandong, Hainan, Heilongjiang, Jiangxi, and Inner Mongolia, which are
nine provinces and cities. The above nine provinces and cities have relatively backward
comprehensive scores and rankings, and the level of competitiveness of the green food
industry needs to be improved for different reasons. For example, Inner Mongolia and
Heilongjiang have a better ecological environment, but there are problems such as low
employment and slow technological progress, while Shanghai, Hainan, and other provinces
and cities have a limited ecological environment, which limits the development of the
industry. However, the competitiveness level of Shanghai’s green food industry has greatly
improved in the decade of 2011–2020, rising from 24th place in 2011 to 9th place in 2020, and
its per capita disposable income of rural residents and the number of green food certified
units have increased exponentially, indicating that Shanghai is continuously reducing the
competitiveness level gap with other provinces and cities based on its developed economic
environment and policy support. In general, the low, competitive regions should look to
the high competitive regions in multiple dimensions to improve the development level of
the green food industry in the province and city from all aspects, as shown in Figure 4.
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4.2. Land Use Efficiency of Green Food Industry by Provinces and Cities in China

The super-efficient SBM model was used to evaluate the land-use efficiency of the
green food industry in each province and city in China (excluding Hong Kong, Macao, and
Taiwan), and the results are shown in Table 4, and the average values of land use efficiency
in the three major regions and the whole country are shown in Figure 5.

According to Table 4 and Figure 5, it can be seen that the land use efficiency of China’s
three major regions and overall green food industry generally showed a rising and then
declining trend from 2011 to 2020, peaking in 2016 and showing a rebounding trend
in 2020. The specific reasons are that the sulfur dioxide emissions of all provinces and
cities in 2016 have significantly decreased, indicating the importance of the ecological
environment for land use. The input indicators of all provinces and cities, that is, sown
area, investment in rural fixed assets, and the number of people employed in agriculture,
forestry, animal husbandry, and fishery, generally increased to different degrees in 2020,
while the sulfur dioxide emissions of all provinces and cities again show a significant
decrease, indicating that the development of China’s green food industry depends on the
investment of government funds and the introduction of talents.

In Figure 5, the average land-use efficiency of the green food industry in the three
major regions is ranked as eastern > western > middle, and the middle and western are
lower than the national average in most years. Regarding the land-use efficiency of China’s
green food industry, the eastern leads significantly, while the development of the green
food industry in the middle and western may be constrained by the land-use efficiency.
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The land use efficiency of the green food industry in 31 Chinese provinces and cities
(excluding Hong Kong, Macao, and Taiwan) was classified into four categories, intensive
use, moderate use, low use, and rough use, by using systematic clustering through SPSS
26.0, as shown in Figure 6.

Table 4. Land use efficiency of green food industry in China by provinces and cities in 2011–2020.

Provinces and
Cities 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Beijing 1.29 1.28 1.31 1.42 1.43 1.43 1.46 1.51 1.55 1.48
Tianjin 1.14 1.15 1.16 1.24 1.36 1.16 1.23 1.15 1.07 1.15
Hebei 1.00 0.66 1.00 1.02 1.00 1.04 0.65 1.00 0.50 0.62

Liaoning 0.35 0.40 0.28 0.38 0.37 0.92 0.31 0.30 0.33 0.37
Shanghai 2.08 2.06 1.94 1.89 1.82 1.64 1.60 1.18 1.18 1.25
Jiangsu 1.02 1.04 1.05 1.05 1.06 1.09 1.06 1.05 1.02 1.04

Zhejiang 1.28 1.43 1.38 1.50 1.64 1.79 1.66 1.54 1.19 1.14
Fujian 1.08 1.11 1.05 1.12 1.11 1.16 1.07 1.06 1.11 1.18

Shandong 1.03 1.03 1.08 1.08 1.06 1.00 1.06 1.10 1.04 1.02
Guangdong 0.70 0.59 0.64 1.00 1.01 1.10 1.02 1.01 1.03 1.01

Eastern average 1.13 1.10 1.13 1.19 1.21 1.26 1.14 1.12 1.04 1.07
Hainan 1.47 1.35 1.53 1.37 1.41 1.52 1.45 1.46 1.46 1.45
Shanxi 0.34 0.32 0.36 0.36 0.35 0.37 0.31 0.32 0.27 0.25

Jilin 0.47 0.47 0.30 0.47 0.48 1.03 0.34 0.32 0.39 0.46
Heilongjiang 0.15 0.19 0.17 0.22 0.24 1.04 1.07 1.05 1.06 1.05

Anhui 0.62 0.53 0.49 0.53 0.50 0.64 0.63 0.58 0.37 0.43
Jiangxi 0.49 0.42 0.46 0.56 0.55 1.04 0.58 0.53 0.46 0.47
Henan 0.48 0.42 0.43 0.53 0.75 1.02 1.05 1.06 1.05 1.09
Hubei 1.01 0.66 0.34 1.01 0.70 1.03 1.01 0.38 0.33 1.02
Hunan 1.03 1.06 1.06 1.06 1.05 0.89 1.03 1.03 0.83 1.00

Middle average 0.57 0.51 0.45 0.59 0.58 0.88 0.75 0.66 0.60 0.72
Inner Mongolia 1.00 1.05 1.01 0.30 0.31 0.61 0.28 0.25 0.50 0.40

Guangxi 0.72 0.62 0.43 0.76 0.72 1.09 1.00 1.00 0.52 1.03
Chongqing 1.18 1.14 1.15 1.13 1.10 1.10 1.15 1.21 1.19 1.25

Sichuan 1.02 1.03 1.02 1.01 1.02 0.81 1.02 1.02 1.03 0.69
Guizhou 1.09 1.06 1.06 1.07 1.14 1.11 1.23 1.24 1.17 1.12
Yunnan 0.58 0.67 0.48 1.01 0.61 0.49 0.51 0.49 0.52 0.76

Tibet 1.35 1.36 1.31 1.31 1.41 1.97 1.25 1.25 1.25 1.26
Shaanxi 1.02 1.02 1.01 1.02 0.76 0.62 0.75 0.77 0.54 0.57
Gansu 1.01 1.02 0.29 1.01 0.50 0.61 0.36 0.29 0.38 0.51

Qinghai 1.10 1.12 1.08 1.12 1.09 1.07 1.04 1.05 1.08 1.08
Ningxia 0.48 0.63 0.45 1.03 1.07 1.13 1.07 1.08 1.03 1.10
Xinjiang 0.07 0.07 0.05 0.05 0.06 0.22 0.06 0.09 0.16 0.27

Western average 0.89 0.90 0.78 0.90 0.82 0.90 0.81 0.81 0.78 0.84
National
average 0.89 0.87 0.82 0.92 0.89 1.02 0.91 0.88 0.83 0.89Land 2022, 11, x FOR PEER REVIEW 15 of 25 
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Figure 5. Average land-use efficiency of the green food industry in the three major regions of China
and the country from 2011 to 2020.
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The first category, intensive use, contains five provinces and cities, Beijing, Shanghai,
Zhejiang, Hainan, and Tibet. The above five provinces and cities have the highest land
use efficiency in the green food industry all year round for different reasons. Beijing
and Shanghai mainly rely on the higher economic level and ecological environment of
local residents. Zhejiang mainly relies on the local government’s investment in the green
food industry and the higher income level of residents. Hainan has a better natural
resource environment, and Tibet has more employees in the green food industry, while the
government attaches importance to waste water and waste gas emission reduction.

The second category, moderate use, contains fifteen provinces and cities in Tianjin,
Hebei, Jiangsu, Fujian, Shandong, Guangdong, Henan, Hunan, Guangxi, Chongqing,
Sichuan, Guizhou, Shaanxi, Qinghai, and Ningxia. The land-use efficiency of China’s
green food industry is located in more provinces and cities with medium utilization,
indicating that the overall land-use efficiency of China’s current green food industry is at an
intermediate level. Among them, Guangdong, Henan, Guangxi, and Ningxia all had more
obvious improvements in land use efficiency during the decade. Guangdong’s fixed asset
investment, industrial added value, and per capita disposable income are higher, indicating
that Guangdong’s higher land use efficiency mainly relies on an economic level. Henan’s
sown area, fixed asset investment, and industrial added value are higher, indicating that
Henan mainly relies on production level and economic level. Guangxi’s production level,
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economic level, and ecological environment are all in an advantageous position. Ningxia’s
ecological environment is the green food industry’s important advantageous factor for land
use efficiency.

The third category, low use, contains ten provinces of Liaoning, Shanxi, Jilin, Anhui,
Jiangxi, Hubei, Inner Mongolia, Yunnan, Gansu, and Xinjiang. During 2011–2020, the trend of
lower land use efficiency is more obvious in Anhui, Inner Mongolia, and Gansu, and there
are different reasons for the inhibition in each province. In Anhui, the main reason is that
the number of employees in the green food industry is low, and the loss of talent is the main
reason for inhibiting the land-use efficiency of the green food industry in Anhui. In Inner
Mongolia, the focus is on economic and ecological reasons, and although the number of local
employees is high, it is not strongly supported by the government. In Gansu, the values of
all indicators are lower than the national average, indicating that the land use efficiency of
the green food industry in Gansu has more serious problems. The values of all indicators in
Gansu are lower than the national average, indicating that Gansu’s green food industry has
serious problems in land use efficiency and needs to be improved in all aspects.

The fourth category, rough use, contains one province of Heilongjiang. Fixed asset
investment and per capita disposable income are the main reasons that inhibit the land-use
efficiency of the green food industry in Heilongjiang, and economic factors have a greater
impact on Heilongjiang. However, Heilongjiang’s green food industry is highly competitive
and has a good production level and natural resource environment, so since 2016, the land
use efficiency of Heilongjiang’s green food industry has seen a relatively large increase.

From the perspective of three major regions, there are six provinces and cities in the
middle region for rough use and low use, four in the western region, and only one in
the eastern region; there are nine and eight provinces and cities in the eastern region and
western region for moderate use and intensive use, respectively, with little difference, but
there are only three in the middle region. By combining Table 4 and Figure 5, it can be
seen that the current land use efficiency of the green food industry in the three regions has
formed obvious differences.

4.3. Coupling Coordination between the Competitiveness Level and Land Use Efficiency of Green
Food Industry by Provinces and Cities in China
4.3.1. Temporal Characteristics

(1) The average value of coupling coordination between the competitiveness level and
land use efficiency of China’s green food industry from 2011 to 2020 floats at the
boundary of high-quality coordination, indicating that the competitiveness and land
use efficiency of China’s green food industry develop in a more coordinated manner.
All three regions show a rising and then declining and leveling-off trend, with the
eastern and western remaining in high-quality coordination over the decade and the
middle being good coordination except for 2012, when it was moderate coordination,
as shown in Figure 7. In 2013, the coupling coordination between the competitiveness
level and land use efficiency in all three regions reached a peak. The main reason
is that the number of employment and fixed asset investment in China’s green food
industry in 2013 was significantly higher compared to 2012 and 2014, indicating that
the development of the green food industry in China’s provinces and cities was on the
rise in 2013, attracting more labor to join the green food industry. The government also
actively supported the green food industry, and governments at all levels increased
their investment in fixed assets for the green food industry. At the same time, national
urbanization accelerated in 2013; the reverse of urban space expansion caused a
decrease in the production base area of the green food industry, resulting in an
increase in the land use efficiency of the green food industry in that year and an
increase in the coupling coordination of all regions to varying degrees:Coordinated
development of the eastern region.



Land 2022, 11, 2116 16 of 22

Land 2022, 11, x FOR PEER REVIEW 19 of 25 
 

insufficient number of employees in the green food industry. At the same time, the process 
of industrialization in the middle provinces and cities has encroached on a large amount 
of arable land, resulting in ecological damage and imbalance in urban and rural develop-
ment. In addition, the focus on building small towns has dispersed the construction re-
sources of the green food industry and reduced land-use efficiency, resulting in a low 
degree of coupling coordination between the competitiveness and land-use efficiency of 
the green food industry in the middle region. 

 

Figure 7. Trend of the average of the coupling coordination degree between competitiveness and 
land use efficiency of green food industry in three major regions and the whole country of China 
from 2011 to 2020. 

4.3.2. Spatial Characteristics 
According to the calculated specific values of the coupling coordination degree be-

tween competitiveness and land use efficiency of the green food industry in each province 
and city of China from 2011 to 2020, the graphs were made by ArcGIS 10.6 based on the 
grading method of coupling coordination degree in Table 2. The four years of 2011, 2014, 
2017, and 2020 were selected at every two-year interval to analyze the spatial evolution 
characteristics of the coupling coordination degree of competitiveness level and land use 
efficiency of China’s green food industry from 2011 to 2020, as shown in Figure 8. 

As can be seen from Figure 8, the overall high-quality coordination between the com-
petitiveness and land use efficiency of the green food industry in China (excluding Hong 
Kong, Macao, and Taiwan) shows a shift from the north to the south, which is reflected in 
the following three aspects: 
(1) The eastern is centered on the economic belt. 

In 2011, all the provinces and cities in the eastern, except Liaoning, were high-quality 
coordination or good coordination and were in the leading position nationwide. Among 
them, high-quality coordination is mainly concentrated in Beijing, Hebei, Zhejiang, and 
Guangdong, closely relying on the three economic belts of Beijing-Tianjin-Hebei, Yangtze 
River Delta, and Pearl River Delta, indicating that the development of the green food in-
dustry in the eastern is highly related to the local economic level. Through the excellent 
land, sea, and air transportation conditions, the gathering effect, radiation effect, and tech-
nology leading effect of the urban economic belt, the core competitiveness of the green 
food industry in the eastern is successfully enhanced. Additionally, the high-quality co-
ordination provinces and cities in the eastern as a whole are shifted from northern China 
to the southeast. Fujian, the nearest geographically located province, also rose from good 
coordination to high-quality coordination in 2020 under the economic radiation effect of 
Guangdong. 

0

0.2

0.4

0.6

0.8

1

1.2

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Co
up

lin
g  

co
or

di
na

tio
n

year
Eastern average Middle average Western average National average

Figure 7. Trend of the average of the coupling coordination degree between competitiveness and
land use efficiency of green food industry in three major regions and the whole country of China
from 2011 to 2020.

The eastern maintained high-quality coordination during the decade, and the average
value of coupling coordination is higher than that of the western and middle, taking the lead.
Firstly, there are more developed cities in the eastern of China, covering the capital Beijing,
Shanghai, Zhejiang, and other provinces and cities with better economic development
and higher population density, and the residents generally have better economic strength,
cultural quality, environmental awareness, and health consciousness. People are more
in pursuit of green and healthy life. Secondly, most of the eastern are coastal provinces
and cities, and with the advantages of location and transportation, they attract many high-
tech industries and projects to land, increase the expenditure in technology, promote the
improvement of land use efficiency by enhancing the innovation ability, and accelerate
the pace of development of green food industry. Thirdly, most enterprises in the eastern
are mainly in secondary and tertiary industries, which is more convenient to promote the
formation of an integrated chain with the green food industry. Fourthly, the eastern region
is a monsoon climate zone, regulated by the ocean, rain, and heat in the same season, light
and temperature with good cooperation, conducive to the growth of a variety of crops and
the implementation of a multi-crop system.

(2) Stable development in the west.

Although the coupling coordination in the western is slightly inferior to that in the
eastern, it is still high-quality coordination in all ten years, which is inseparable from
the vast land area and good ecological environment in the western. Although there is
a gap between the economic development of the western and the eastern, resulting in
a lower population density in the west, it has also become an important reason for the
good development trend of the green food industry in the west. Because of the low
population, the ecological environment in the west is relatively less polluted, and the light
and temperature are beneficial to the growth of agricultural products, so it has a more
suitable environment for the growth of green food. The northwest region is a temperate or
alpine continental climate, dry and with little rain, and mainly grassland. The southwest
region includes the southwest plateau area and the southeast Tibetan Chuanxi region, with
annual precipitation between 500 and 1000 mm, and a subtropical, warm temperate humid
or sub-humid climate, for the year two maturity system. At the same time, the land area
in the west is more extensive, which can be used to build a well-regulated green food
production base. In addition to the good natural conditions, the government of the west
also intends to cultivate the green food industry as an advantageous industry; for example,
the government of Yunnan Province proposed “three green cards”, including the “green
food card”. With the policy support, along with the implementation of initiatives such as
the growth of science and technology expenditure and the adjustment of industrial space
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layout, the competitiveness of the green food industry in the west has been in a leading
position in recent years.

(3) Uneven development in the middle.

Among the three major regions, the middle has the lowest coupling coordination
in all ten years. In recent years, China’s export-oriented economy has entered a rapid
development stage while most of the provinces and cities in the middle have less favorable
natural conditions than those in the west, so they are more inclined to develop high-
end, modern manufacturing and service industries, resulting in problems such as an
insufficient number of employees in the green food industry. At the same time, the process
of industrialization in the middle provinces and cities has encroached on a large amount of
arable land, resulting in ecological damage and imbalance in urban and rural development.
In addition, the focus on building small towns has dispersed the construction resources
of the green food industry and reduced land-use efficiency, resulting in a low degree of
coupling coordination between the competitiveness and land-use efficiency of the green
food industry in the middle region.

4.3.2. Spatial Characteristics

According to the calculated specific values of the coupling coordination degree be-
tween competitiveness and land use efficiency of the green food industry in each province
and city of China from 2011 to 2020, the graphs were made by ArcGIS 10.6 based on the
grading method of coupling coordination degree in Table 2. The four years of 2011, 2014,
2017, and 2020 were selected at every two-year interval to analyze the spatial evolution
characteristics of the coupling coordination degree of competitiveness level and land use
efficiency of China’s green food industry from 2011 to 2020, as shown in Figure 8.
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As can be seen from Figure 8, the overall high-quality coordination between the
competitiveness and land use efficiency of the green food industry in China (excluding
Hong Kong, Macao, and Taiwan) shows a shift from the north to the south, which is
reflected in the following three aspects:
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(1) The eastern is centered on the economic belt.

In 2011, all the provinces and cities in the eastern, except Liaoning, were high-quality
coordination or good coordination and were in the leading position nationwide. Among them,
high-quality coordination is mainly concentrated in Beijing, Hebei, Zhejiang, and Guangdong,
closely relying on the three economic belts of Beijing-Tianjin-Hebei, Yangtze River Delta,
and Pearl River Delta, indicating that the development of the green food industry in the
eastern is highly related to the local economic level. Through the excellent land, sea, and
air transportation conditions, the gathering effect, radiation effect, and technology leading
effect of the urban economic belt, the core competitiveness of the green food industry in the
eastern is successfully enhanced. Additionally, the high-quality coordination provinces and
cities in the eastern as a whole are shifted from northern China to the southeast. Fujian, the
nearest geographically located province, also rose from good coordination to high-quality
coordination in 2020 under the economic radiation effect of Guangdong.

(2) The western gap decreases and tends to be intermediate.

According to the measurement results, the majority of provinces and cities in the
west in 2011 were in high-quality coordination, individually in good coordination, and
only Xinjiang was mild disorder, indicating that the development gap between provinces
and cities in the west is large and the advantages and disadvantages are more prominent.
The number of provinces in high-quality coordination is gradually decreasing from the
north to the south, mainly because the land area of provinces in the northwest is generally
higher than that in the southwest. However, from 2017, the overall situation in the west has
changed significantly, with the number of provinces and cities in high-quality coordination
decreasing on the one hand and the provinces and cities in high-quality coordination being
shifted from the north to the south on the other hand. Additionally, in 2020, although the
number of provinces and cities with high-quality coordination decreased, the dynamics of
provinces such as Xinjiang increased, which has been in disorder for a long time, chang-
ing from mild disorder to moderate coordination, the gap between provinces gradually
decreases, and the overall trend is toward the intermediate dynamic.

(3) The middle is in good shape and actively developing.

In 2011, most of the provinces in the middle were in moderate coordination, among
which Heilongjiang was in major disorder, and the overall coupling coordination in the
middle was low. The middle has the important role of “bearing the east and enlightening
the west”, obviously as a “bridge” between the more developed and less developed areas
of the Yellow River Basin, and is subject to radiation from the eastern, while at the same
time, it has to bear the responsibility of transferring talents, technology, and other resources
for the development of the west. However, the low degree of coupling coordination in the
middle indicates that the middle has not yet fully transformed its resource advantages into
an intrinsic driving force for coordinated regional development. Moreover, soil erosion
disasters, water shortage, and unscientific land use have also hindered the development
of the middle. However, with the change in time, the overall situation in the middle is
good, and the green food industry is actively developing. Heilongjiang, which was a major
disorder, rose to moderate coordination; Henan, which was good coordination, rose to
high-quality coordination; and the remaining provinces did not change significantly. The
advantageous location is stable and does not shift significantly.

5. Discussion

With the improvement of people’s living standards, the consumer concept of safety,
health, and environmental protection has become increasingly popular. As the world’s
largest developing country and one of the world’s largest agricultural countries, the Chinese
government has proposed to vigorously develop green agricultural products and try out
policies to promote the development of the green food industry, such as the conformity
certificate system for edible agricultural products. On this basis, the planting area of green
food raw materials also needs to be expanded continuously, but the increase in the area of
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origin inevitably brings about changes in the structure, quantity, and degree of land use, and
problems such as the contradiction between humans and land are gradually highlighted.
This study provides theoretical support for solving the land conflicts caused by the green
food industry by analyzing the coupling coordination between the competitiveness level
and land use efficiency of the green food industry in China. Unlike previous studies,
this study contains the following three main aspects: (1) Although China has a good
environment for green food growth, the green food industry has developed late, and the
land use problem has not been paid attention to yet; the research related to the land use of
the green food industry is enriched. (2) The index system for measuring the competitiveness
level of the green food industry is constructed, which fully considers the complete process
from the production of raw materials of green food to the three major benefits of economy,
society, and ecology brought by industrial development. (3) The land utilized by the green
food industry is the object of land use efficiency evaluation, concentrates on agricultural
land, and avoids the influence of other industrial lands on the measurement results.

This study first evaluated the competitiveness level and land use efficiency of China’s
green food industry separately and then conducted a specific analysis of the coupling
coordination degree based on the evaluation results. Firstly, according to the evaluation
results of the competitiveness level of China’s green food industry, the provinces and
cities with higher competitiveness levels are mainly based on good natural conditions
and policy support, while the reasons for lower competitiveness vary, mainly focusing
on the number of employment, ecological environment, and technology level. Secondly,
the evaluation results of land use efficiency show that the land use efficiency of the green
food industry in all provinces and cities in China will be significantly improved under
the condition that the sown area, investment in rural fixed assets, the number of people
employed in agriculture, forestry, animal husbandry, and fishery industry are significantly
increased, and the emission of sulfur dioxide is significantly reduced. Finally, the coupling
coordination degree was analyzed from the perspective of time, and both the eastern
and western rely on good economic development and superior natural environment are
in high-quality coordination all year round; from the spatial perspective, the number of
provinces and cities in high-quality coordination is shifting from the north to the south,
because the economic environment of the southern provinces and cities in China is generally
better than that of the north at present, and they drive industrial development among
each other and play the role of economic radiation. The above research results show that
the coupling coordination between the competitiveness level and land use efficiency of
China’s green food industry is mainly influenced by five aspects, including economic
environment, talent introduction, technology investment, financial support, and natural
conditions. From the perspective of the economic environment, the economic development
of provinces and cities not only depends on the green food industry but also requires
the cooperation of the government, enterprises, and residents. The green food industry
can reverse the regional economy by strengthening the integration with secondary and
tertiary industries and strengthening brand building and publicity. From the perspective of
talent introduction, form a professional recruitment team and improve the internal welfare
treatment of enterprises, including basic salary, social security, and holiday benefits. From
the perspective of technical investment, encourage green food enterprises and technical
personnel to innovate technology, implement clear and specific incentive programs, and
cooperate with related industries to innovate, so as to reduce the duplication and waste of
funds. From the perspective of financial support, select food production and processing
enterprises, foreign marketing enterprises, and human resource guarantee enterprises as
the main recruitment targets guarantee and strengthen the basic elements of green food.
From the perspective of natural conditions, the ecological environment of each province
and city has great differences, and the crops suitable for growth should be cultivated
according to the natural conditions of the region and can be combined with rural tourism,
crop picking, and other industries according to the local environment. In addition, all
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provincial and municipal governments should strengthen the quality supervision of green
food production and processing to effectively ensure the health effects of green food.

6. Conclusions

This study evaluates the competitiveness level and land use efficiency of China’s green
food industry during 2011–2020 by constructing an index system using the VIKOR method
and the super-efficiency SBM model, respectively, and analyzes the coupling coordination
degree using the coupling coordination model based on the measurement results. The main
conclusions are as follows:

(1) The competitiveness level of China’s green food industry shows a trend of “high in
the west and low in the east”, with a small gap between the competitiveness level
of the middle and the eastern. Highly competitive provinces are concentrated in the
northwest, and most Chinese provinces and cities are in the middle of competitiveness.

(2) The land use efficiency of China’s green food industry generally showed a trend of
rising and then falling and peaked in 2016. The average value of land use efficiency of
the green food industry in the three regions is ranked as eastern > western > middle,
and the middle and western are lower than the national average in most years.

(3) The average value of coupling coordination between the competitiveness level and
land use efficiency of China’s green food industry floats at the boundary of high-
quality coordination, with all three regions showing a rising and then declining trend
and leveling off and peaking in 2013. The eastern and western are in high-quality
coordination all year round, and the middle is in good coordination most years. The
number of provinces and cities in high-quality coordination in China is shifting from
the north to the south in terms of geographic location, with the eastern relying on
the development of the three major economic belts, the western having a smaller gap
between provinces and cities, and the middle having an overall positive posture.

There are still some limitations in this study. Firstly, since part of the current green
foods is privately cultivated by farmers and part of them are planted in national standard
production bases, it will lead to some missing information. Secondly, the grading method
of this study on coupling coordination combines the empirical results of this study and
the studies of related experts and scholars, but there is still some subjectivity. Thirdly,
this study concentrates on macro analysis from the perspective of the green food industry,
ignoring the growth characteristics of green food itself and other factors that may affect
the accuracy of the results. In addition, this study divides China into three regions, east,
middle, and west, on the basis of which regional subdivision can be compared in the future,
and the influencing factors can be further refined and analyzed.
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