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Abstract: (1) Background: The pig production sector is a cornerstone in China’s agricultural industry
and it urgently needs a transition from a conventional sector to one that is efficient, sustainable,
and of high quality. (2) Methods: This study examines the effects of environmental regulation (ER)
on the development of the pig industry (DPI) between 2005 and 2019. From the perspective of the
breeding, production, and consumption industry chain, a comprehensive evaluation index system
is used to assess the progress of the pig industry. Furthermore, the effects of ER on the DPI and its
mechanism were evaluated using the FGLS and system-GMM. (3) Results: According to the empirical
findings, ER exhibits a U-shaped non-linear effect on DPI in both high- and low-pig-production
zones. Technological innovation and large-scale farming would lessen the detrimental effects of
ER on DPI. Additionally, according to the outcomes of the implementation of local environmental
protection policies, LER and DPI have an inverted U-shaped relationship in major producing areas
and a U-shaped relationship in non-major producing areas. (4) Conclusions: This essay offers several
solutions and advice, including strengthening environmental regulation legislation and encouraging
breeding industry advancements.

Keywords: environmental regulation; high-quality development; pig industry; Chinese provinces;
industrial chain; technological innovation; large-scale breeding

1. Introduction

Sustainable development is the “golden key” to resolving today’s global issues,
achieving a balance between the environment, society, and economics. However, in the
hog-feeding supply chain, accomplishing this goal is more challenging. According to
data made public by the American Farm Bureau database, in 2021, pork consumption
was 3.1 times greater than the global per capita level in China, and over half of the
world’s pork is supplied there. China has long been the largest global producer and
eater of pork as a result. Nevertheless, hog manure from excessive pig production and
consumption is associated with the risks of poor air quality and contaminated water
supplies [1]. According to the Food and Agriculture Organization of the United Na-
tions (FAO), carbon emissions contribute 5% of the total global emissions [2]. Organic
compounds in pig manure are the main culprits in water eutrophication [3]. The com-
munique of the second national pollution source census published by China in 2020
shows that in 2017, the total pollutant loads generated from livestock and poultry were
1000.53 million tons of chemical oxygen demand, 110,900 tons of ammonia nitrogen,
596,300 tons of total nitrogen, and 119,700 tons of total phosphorus (Data from https:
//www.mee.gov.cn/gkml/hbb/bgg/201002/t20100210_185698.htm (accessed on 13 De-
cember 2022)), topping the list of agricultural pollution sources. Widespread rural house-
hold scatter breeding is one of the prime causes of livestock pollution [4], compared with
North America and Europe, which have a high proportion of large-scale farms. Even China
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recently established several regulations to increase the proportion of large-scale farming
to achieve industrial transformation and upgrading, with the percentage of large-scale
farming rising from 36.6% in 2011 to 57.1% in 2020 (Data from http://www.moa.gov.cn/
(accessed on 14 December 2022)). The sustainable growth of China’s pig industry continues
to have far to go because of the characteristics of low-scale efficiency, the low automation
level, poor capital formation, high labor intensity, and high carbon emissions [5].

China will steadfastly adhere to the road of high-quality growth with an ecological
priority, as well as green and low-carbon development, to completely implement the new
development concept. In September 2020, the central government released its Opinions on
Promoting the High-Quality Development of the Animal Husbandry Industry. It stated that
it would speed up the development of contemporary livestock and poultry breeding, animal
epidemic prevention, processing, and circulation systems; boost the industry’s quality,
efficiency, and competitiveness; and establish a new pattern of high-quality development
oriented toward green development. According to studies, there are two main paths to
green transformation: enterprise-independent technology innovation and government-
led environmental regulation [6], and the latter aids in overcoming “market failures” [7].
Simultaneously, environmental policy can promote sustainable innovation and help achieve
the objective of green transformation [8]. The Chinese government has implemented several
“green agreements” in the context of the ecological pollution-driven transformation of the
livestock industry (Table 1), including increasing pollution control inputs, establishing
emission standards and associated penalties, and stepping up pollution oversight. From
the standpoint of environmental protection, pollution associated with livestock and poultry
breeding has greatly decreased, but the rate of pig farming has gradually increased. The
new objective of China’s pig industry is synergistic development, which includes economic
growth, resource use, supply stability, environmental protection, livestock and poultry
health, quality, and safety.

Table 1. Part of the policy of livestock and poultry environmental.

Year Document

2005 Law of the People’s Republic of China on the Prevention and Control of Environmental
Pollution by Solid Waste

2005 Law of the People’s Republic of China on Animal Husbandry
2008 Water Pollution Prevention and Control Law of the People’s Republic of China
2008 Opinions on promoting the sustainable and healthy development of animal husbandry
2011 Livestock breeding industry pollution prevention and control technology policy

2013 Regulations on Prevention and Control of Pollution from Livestock and Poultry Farming
on a Large Scale

2014 Opinions on the establishment of harmless treatment mechanisms for sick and dead
livestock and poultry

2015 Law of the People’s Republic of China on Animal Husbandry
2015 Southern Water Network Area Hog Breeding Layout Adjustment Optimization Guidance
2016 Technical guide for the delineation of livestock and poultry breeding no-keep areas
2016 Environmental Protection Tax Law of the People’s Republic of China

2017 Opinions of the General Office of the State Council on accelerating the resource utilization
of livestock and poultry breeding waste

2017 Issuance of the Regulations on the Implementation of the Environmental Protection Tax
Law of the People’s Republic of China

2018 Opinions on the in-depth promotion of ecological, environmental protection
2018 Agricultural and rural pollution control action plan
2019 Opinions on strengthening the prevention and control of African swine fever

2019 Notice on further standardizing the regulations and management of livestock breeding
no-keep areas to promote the development of pig production

When investigating the impact of environmental regulations on the development of
the pig industry, it is required to study the government’s possible arbitrary regulation
strategy based on the short-term goal of suppressing the “pig cycle” and the overall impact

http://www.moa.gov.cn/
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of the new behavioral characteristics of breeding subjects under environmental regulations
on the industrial chain. First of all, local governments are motivated to make arbitrary
decisions when implementing environmental regulatory standards, which may lead to the
deterioration of environmental pollution in the “reverse pig cycle” [9]. Due to the possible
conflict of policy objectives in different pig cycle stages, local governments are hesitant
to implement regulation policies. On the one hand, to achieve the emission reduction
goals, local governments need to actively respond to the environmental regulation policies
issued by the central government; on the other, In 1998, China’s Ministry of Agriculture
proposed the construction of the “Vegetable Basket Project” to solve the problem of food
market supply shortages. The local government has the responsibility to ensure supply
and price stability as pigs are part of the basket. As a result, local governments tend to
choose between environmental regulation and pig supply. Secondly, the specific effect and
realization method of environmental regulation driving industrial chain transformation and
upgrading needs to be further clarified. The compliance cost effect and innovation offset
effect are the two categories used to categorize the formation mechanisms of environmental
regulation effects in the literature [10]. The expense of pollution control will rise because of
environmental regulation, and businesses will scale down production to maintain profits or
force businesses to make green innovations to compensate for environmental management
costs, thus improving green productivity [11]. It is necessary to systematically study the
dynamic impacts, heterogeneity, and impact mechanisms of environmental regulation on
the whole pig industry chain for the process of scale transformation in the context of dual
carbon targets.

We used data from China from 2005 to 2019 to analyze the effects of ER on DPI to
close this research gap. The following aspects show how the donations were accomplished.
First and foremost, this is the first attempt to gauge the pig industry’s development level
from the standpoint of the industrial chain, which includes feed, medical care, breeding,
slaughter, consumption, etc. Secondly, the dynamic panel model is utilized to analyze the
impacts and variety of ER on the DPI, taking into account the dynamic sustainability of
the DPI. Thirdly, it is crucial to explore whether technological innovation and large-scale
breeding form the innovation offset effect in the process of pig industry transformation.
Finally, the amount of local environmental regulations is utilized to further assess how
provincial governments will implement national environmental regulations.

The remainder of the essay is organized as follows: Section 2 provides a literature
review, followed by theoretical analysis and the research hypothesis in Section 3, and the
building of the model and indicators in Section 4. While Section 5 analyzes the empirical
findings, Section 6 offers the conclusion and policy consequences.

2. Literature Review
2.1. Study on the Evaluation of the Development of the Pig Industry

Scholars have researched the development of industries such as manufacturing [12],
agriculture [13,14], and the tourism industry [15]. There are two mainstream measurement
methods: The first one takes total factor productivity (TFP), which can better reflect the
efficiency and structure of economic growth but fails to show the sustainability of green
development. Subsequently, Liu et al. [16] calculated green total factor productivity (GTFP)
by incorporating environmental factors based on TFP to reflect the comprehensive com-
petitiveness of the regional economy. The second method is to construct a comprehensive
development index covering social progress, ecological benefit, and economic growth from
a multi-dimensional perspective. In addition, research on the development of the pig
industry primarily starts from specific factors, including pig production, price, layout,
large-scale breeding, green development, pollution emissions [17,18], etc. These studies
are mainly about “how to ensure supply” and “reduce environmental pollution”. As the
live pig industry has a long industrial chain, great demand for people’s livelihood, and
wide coverage, the pig industry’s overall growth cannot be determined by a single mea-
sure. Pig welfare cannot be disregarded as a component of the pig industry’s sustainable
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development. Therefore, this paper will comprehensively evaluate the development of the
pig industry in different producing areas from the perspective of the industrial chain.

2.2. Influence of ER on Industrial Development

Some of the literature has prospectively emphasized the effect of environmental
regulation on a specific dimension of industrial development, including the effect of
environmental regulation on industrial productivity [19], competitiveness [20], economic
growth [21], technological progress [22,23], green development [24], employment [25,26],
etc. Meanwhile, scholars have also conducted a rich discussion on the connection between
environmental regulations and industrial development, resulting in the following three
most prominent points of view. The first is the compliance cost theory, which contends that
the compliance expense will prevent enterprise innovation spending and lower total factor
productivity due to the increasing cost of pollution control brought on by environmental
constraints [27]. The next is the theory of innovation compensation. Porter’s hypothesis is a
crucial example of this idea. According to Porter, pollution is a symptom of economic waste,
and effective environmental rules can spur innovation and produce win-win outcomes
by partially or entirely offsetting the cost of pollution prevention [28]. Following this,
scholars have divided the Porter hypothesis into “strong” and “weak”, where “strong”
denotes that the innovation compensation effect may entirely offset compliance costs, and
“weak” denotes that it can only partially do so [29]. A non-linear relationship characterizes
the third [30]. That is, environmental regulations and the expansion of green production
are correlated in an inverted U-shaped non-linear relationship. Environmental control
significantly influences the rise in green productivity when it falls below a certain threshold.
When it crosses a certain threshold, environmental control will lead to a fall in the growth
of green productivity [31]. The diverse policy alternatives, study domains, and research
viewpoints are the main contributors to the disparity between research findings.

2.3. Influence of ER on the Pig Industry

The focus of a previous study, the interaction between environmental restrictions and
the pig industry, is mostly shown in location choice, spatial clustering, yield reduction,
and the enhancement of ecological efficiency. The geography of livestock farms can be
significantly affected by changes in environmental regulation intensity [32,33]; a liberal reg-
ulatory regime may attract livestock producers to establish facilities in these localities [34],
to avoid additional pollution costs [35]. As agglomeration economies, improved feed-
ing technology, lower feed prices, and lower transportation costs drive the trend toward
bigger and more spatially concentrated livestock operations [36]. Even the fuzzy effect
of the pig manure management system in environmental regulation does not hinder the
spatial agglomeration of pig production but increases the role of spatial spillover in the
agglomeration process [37]. Herath et al. [34] and Pan et al. [38] discovered that variations
in the severity of environmental restrictions had an impact on the quantity of hog sector
inventories, and local environmental policies led to lower livestock production in regulated
areas. Meanwhile, environmental protection displays clear benefits in the pig industry.
For instance, environmental regulation encourages pig farmers to embrace green technol-
ogy [39], enhancing the ecological effectiveness and total green total factor productivity of
pig breeding [40].

2.4. Empirical Review

Although there are numerous pieces of research on the effect of environmental leg-
islation on industrial development, these studies have the following flaws: First, there is
a lack of evaluation of the development of the pig industry from the perspective of the
industrial chain. In addition to pig production capacity, animal welfare, environmental
protection, and material supply are all part of the sustainable development of the pig
industry. Secondly, studies on the consequences of environmental legislation tend to be
very micro-focused, excluding the variations and interactions that occur throughout the
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industrial chain. Third, environmental legislation in different regions is not properly taken
into account. Local governments may have varying environmental policy intensities in
different places because there are significant disparities in the spatial distribution of pig
production due to variations, so the heterogeneity of impact effects needs to be further
explored. Fourth, the internal law and specific mechanism of environmental regulation
affecting the development of the live pig industry with multiple objectives have not been
clarified. Finally, the degree to which central and local governments implement environ-
mental regulations is uncertain since the GDP orientation of local governments under a
system of political competition results in the lax implementation of environmental policies.
Based on this, it is necessary to discuss the impact of environmental regulation on the pig
industry and its mechanism from the perspective of industrial chain development.

3. Theoretical Analysis and Research Hypothesis

Environmental regulations are laws created and put into effect to address the negative
externalities that environmental pollution has on the economy and society [41]. There are
two opposing viewpoints in the academic community on the policy impact of environ-
mental regulation: “cost-effectiveness” and the “innovation compensation effect.” Some
academicians emphasize the “compliance cost hypothesis” concerning “cost-effectiveness”
to highlight how the enforcement of environmental legislation will raise the expenditures
of businesses and other micro-entities and also stifle innovation and technological advance-
ment [42,43]. The second is the “innovation compensation effect”, which is supported by
academicians who believe that reasonable environmental restrictions might encourage
businesses to advance their technology and so increase productivity and competitive-
ness [44,45]. As a result, this paper develops a framework for the theoretical analysis (see
Figure 1) and suggests a research hypothesis.
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From the short-term perspective, environmental regulations support the “follow the
cost hypothesis”. First and foremost, the taxation of environmental legislation will raise
the expenses of production for businesses and farmers, thus decreasing the profitability
of pig-participating entities and lowering the enthusiasm of pig farmers [20]. Moreover,
the division of prohibited areas for pig farming directly restricts enterprises’ and farmers’
breeding areas and forces them to withdraw from breeding and transfer breeding sites [46].
Finally, the cost of upgrading pollution control equipment, sewage technology applications,
and system maintenance will go up as a result of emission reduction and pollution control
laws. Pollution control spending’s “crowding out” effects on investment in R&D will
temporarily take place, and financial limitations will prevent businesses and farmers from
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using their productive inputs, further reducing production efficiency [47]. Environmental
regulatory pressure from the environmental protection department on the primary pig
farming body will weaken farmers’ trust in production in the short term, affecting the pig
industry’s upstream and downstream development. Excessive economic penalties will
drive farmers to seek compensation from pig welfare, such as reduced feed quality, medical
services, and so on. The above will run counter to the original intention of environmental
protection regulations and is not advantageous for the sustained growth of the pig business.
As a result, the following theories are proposed in this paper:

Hypothesis 1. In the short term, environmental regulations will reduce the development of the hog
industry chain through cost-effective and crowding-out effects.

From a long-term perspective, environmental regulation forms the “innovation com-
pensation effect” [48]. First, long-term supervision will progressively alter producers’
expectations for policy and knowledge of the environment [7] and improve pollution con-
trol technology and equipment input. Secondly, due to the adverse impact of environmental
regulations on corporate profitability, companies are forced to alter their business strategies
and expand upstream and downstream into the production of veterinary medicines, piglet
breeding, slaughtering and processing, distribution, and consumption to reduce transac-
tion costs, as well as look for economies of scale. Finally, the subsidy policy reduces the
dilemma of long-term financing constraints, stabilizes the confidence of businesses in green
production, expands green credit, and eases the dilemma of pollutant emission investment,
crowding out green R&D investment. In a nutshell, the compensatory impact of innovation
will be gradually boosted by green technological innovation, investment in anti-pollution
infrastructure, and public knowledge of environmental issues [49].

Hypothesis 2. In the long run, environmental regulation will improve the development of the hog
industry chain through the innovation compensation effect.

The market selection mechanism will gradually eliminate the low-efficiency, high-
pollution, and low-standard aquaculture retail and enterprises because of the implemen-
tation of environmental regulations. As a direct consequence, capital will flow to the
capital-intensive or knowledge-intensive aquaculture enterprises, forming a new type of
large-scale transformation and upgrading. The “reversed transmission” green technology
innovation used by scale management companies as a response to environmental stress
generates more than just “compensatory income” from blowdown costs [50]. Businesses
that adopt green innovations into their production processes are far less reliant on the
initial polluting manufacturing mode and can profit from economies of scale [40].

Hypothesis 3. Large-scale farming and technological innovations play a positive moderating role
between environmental regulation and the development of the pig industry chain.

There is no doubt that the considerable differences in resource endowment, technolog-
ical level, traffic conditions, market, technology, and policy shape the regional development
pattern of the hog business [51]. The eastern and southern areas of China hold the majority
of the country’s pork production capability. Specifically, the southwest region is the main-
stay of the pig farming hub due to the area’s ideal environmental conditions, inexpensive
labor, and low feed transportation costs. The southwest also supplies pork to coastal
provinces while maintaining self-sufficiency [52]. To ensure the supply of hogs, the govern-
ment in the southwest will therefore loosen its environmental regulations. The northwest,
with its large zones, substantial land resources, as well as agricultural and by-product
resources, is the origin of cattle and sheep breeding. The cost impact of environmental regu-
lation on pig breeding is minimal because the primary targets of environmental regulation
are cattle and sheep. The eastern coastal area is primarily a consuming region with limited
production resources, developed transportation, and mass population agglomeration [5].
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As a result, the governments in the eastern region frequently create regulatory measures
with the protection of the environment as their main goal. Overall, the development of
the hog business is generally impacted differently by the disparities in environmental
legislation in each region. When environmental regulations are not as strict, businesses or
farmers are more ready to pay the cost of pollution management than to develop innovative
production and pollution control technology. As the level of environmental regulation
rises, the profit from technical innovation grows more than pollution control. In conclusion,
hypothesis 4 is developed.

Hypothesis 4. There is regional heterogeneity in the impact of ER on the DPI.

4. Method and Data
4.1. Method and Identification Strategies
4.1.1. Measure Method of DPI

The entropy weight method (EWM) is widely applied in a variety of areas, such as
project assessment [53], quality evaluation [54], and project whole-life value evaluation [55].
To better fit the field of comprehensive quality of the pig industry with distinct links, fine
seed breeding, feed production, pig health, pig breeding, resource utilization, slaughter and
processing, and consumption were selected to evaluate the pig industry from upstream,
middle, and downstream perspectives. A thorough analysis was conducted using the
EWM, and the DPI’s overall score was computed using the index weights [56]. These were
the steps for calculation:

Supposing there are n evaluation objects and m evaluation indexes, these constitute
the judgment matrix X =

(
xij

)
m ∗ n. where xij denotes the rating of the j-th index value of

the i province.
Afterward, all indices are standardized. For the indicator, the larger the value, the better:

Qij =

xij − min
i=1,2,...n

xij

max
i=1,2,...n

xij − min
i=1,2,...n

xij
(1)

By contrast, the smaller the value of the negative index, the better:

Qij =

max
i=1,2,...n

xij − xij

max
i=1,2,...n

xij − min
i=1,2,...n

xij
(2)

where Qij is the normalized value and max xij and min xij are the maximum and minimum
values of the corresponding indexes. In the next part, Qij is normalised to obtain the weight
of each index Pij, and the calculation of the information entropy Ej is shown:

Ej = − 1
ln n

n

∑
i=1

Pijln(Pij), and Pij = Qij/
n

∑
i=1

Qij (3)

The indicator’s entropy weight ωj is calculated as follows:

ωj =
1 − Ej

m −
m
∑

j=1
Ej

, 0 ≤ ωj ≤ 1,
m

∑
j=1

ωj = 1 (4)

Finally, the score of the i province:

Li =
m

∑
j=1

(
ωjQij

)
(5)
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4.1.2. Identification Strategies

A benchmark was employed to comprehend how environmental regulation (ER) has
affected the development of the pig industry (DPI) and was shown as follows:

DPIi,t = αi + β1ERi,t + β2PPi,t + β22PPi,t−1 + φControli,t + ut + εi,t (6)

where i and t refer to province and year, respectively, and DPIi,t indicates the comprehensive
index of development quality of the pig industry. Considering the critical influence of
pig price on both pig production and consumption [57], where the price has a lag on
hog production [58], model (6) includes the current year pig price (PPi,t) and its lag term
(PPi,t−1); ERi,t represents the intensity of environmental regulation of province i in year t;
and Controli,t stands for the other control variables. We used education (EDU), industrial
structure (IS), urbanization rate (UR), fixed assets investment (FAI), and infrastructure
construction (IC) as control variables. αi and ut measure the individual and time effects,
respectively, while εi,t is the random error.

The theory states that ER may positively or negatively impact DPI. To study the
non-linear properties between environmental regulation and the development index, this
article introduced a quadratic term of environmental regulation with a logarithmic form.
To eliminate heteroscedasticity, a logarithmic form was adopted:

DPIi,t = αi + β1 ln ERi,t + β12 ln ERi,t
2 + β2 ln PPi,t + β22 ln PPi,t−1 + φ ln Controli,t + ut + εi,t (7)

When β12 > 0, ER and DPI have a U-shaped connection; otherwise, an inverted U-shaped
relationship results.

The level of industry development is easily influenced by the accumulation of previous
development. The index of the DPI is measured by synthesized indicators, which may lead
to endogenous problems. To address the problem of endogeneity thanks to cumulative
effects, the dynamic panel model is widely used [59].

DPIi,t = αi +β0DPIi,t−1 + β1 ln ERi,t + β12 ln ERi,t
2 + β2 ln PPi,t + β22 ln PPi,t−1

+φ ln Controli,t + ut + εi,t
(8)

Therefore, first-order lagged variables of DPI were also included in the model. The
estimation provided by the FGLS model is seen as being more reliable than the FE model
as it avoids potential heteroscedasticity and sequence correlations. The SYS-GMM model
can address the issue of data endogeneity [60]. In addition, according to Bond [61], the
fixed-effect (FE) estimation method often underestimates the lag term coefficient of the
explained variable, while the OLS estimation method overestimates it. In conclusion, if
the lag term coefficient produced by applying the GMM estimation method is between FE
and OLS, the chosen GMM estimation method is suitable, and both FE and OLS estimation
were employed in this research.

Heterogeneity Analysis

According to research hypothesis 4, the layout of hogs in China exhibits geographical
disparities due to differences in factor endowments and the environmental regulation
effects in the corresponding regions may also differ. As a result, we grouped China’s
30 provinces into major-, middle-, and low-production areas in the order of high to low
average pig output. Group regression was used to examine how environmental rules
affected the growth of the hog sector in various locations.

Analysis of Moderating Effect

According to Hypothesis 3, the effect of ER on DPI depends heavily on technological
innovation and breeding scale. To further verify this hypothesis, we added the interaction
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terms of two moderating variables based on the original model, and tested the moderating
effect. The model constructed was:

DPIi,t = αi+ β0DPIi,t−1 + β1 ln ERi,t + β12 ln ERi,t
2 + β2 ln PPi,t + β22 ln PPi,t−1

+β3 ln ERi,t × ln TIi,t + β32 ln TIi,t + φ ln Controli,t + ut + εi,t
(9)

DPIi,t = αi+ β0DPIi,t−1 + β1 ln ERi,t + β12 ln ERi,t
2 + β2 ln PPi,t + β22 ln PPi,t−1

+β4 ln ERi,t × ln SFi,t + β42 ln SFi,t + φ ln Controli,t + ut + εi,t
(10)

In the above formulae, the moderating variables include technological innovation
(TI) and large-scale farming (LSF). At present, the existing research results mainly focus
on the following two aspects to measure technological innovation: one is measured by
R&D investment [30]. The other is measured by the number of patent licenses [11]. Since
the data on agricultural R&D investment in each region of China are not available, TI is
represented by the number of agricultural invention patent licenses. This information is
from the State Intellectual Property Office, and its Patent Classification number pertains to
the agriculture subsection of the Green Patent List. The proportion of large-scale farming
(LSF) was measured by dividing the number of farmers with more than 500 head pigs by
the total number of pig farmers.

4.2. Variable Specification
4.2.1. Dependent Variables

The DPI focuses on the growth of breeding volume and covers product production,
processing, environment, and epidemic prevention. The synergistic development between
multiple links of the chain constitutes the DPI. 18 quantifiable secondary indicators were
determined from the upstream, midstream, and downstream based on perspectives of the
industry chain to build a quality development evaluation system for the hog industry chain
(Table 2).

Table 2. Weight of indicators.

First-Level Indicator Secondary Indicator (Unit) Index Attribute Weight

Seed-breeding A Number of breeding farms A1 + 0.0653
Breeding sow stock (10,000 head) A2 + 0.0789

Feed production B Pig feed output (ten thousand tons) B3 + 0.1112
Output value of pig feed (10,000 yuan) B4 + 0.0919

Pig health C Number of veterinary stations (10,000 head/station) C5 − 0.0422
Veterinary technology (%) C6 + 0.0776

Production systems D

Number of slaughtered fattened hogs (10,000 head) D7 + 0.0283
Pig market growth rate (%) D8 + 0.0553
Labor productivity (%) D9 + 0.0323
Scale farming (%) D10 + 0.1334
Mechanical breeding capacity (KW/head) D11 + 0.0650

Resource utilization E
Contribution rate of nitrogen (%) E16 − 0.0331
Contribution rate of phosphorus (%) E17 − 0.0195
Contribution rate of potassium (%) E18 − 0.0193

Slaughter and processing F Meat enterprise output (tons/piece) F12 + 0.0419

Product consumption G
Meat product diversity Index (%) G13 − 0.0266
Per capita of pork (ton/person) G14 + 0.0204
Growth rate of pork production (%)G15 + 0.0580

Note: “+” means positive index, “−” means negative index.

Indicators upstream of the industry chain consisted of (1) the breeding of good seeds.
Adequate and high-quality seed supply is critical to the performance and quality of pig
production. The paper adopted two indicators of breeding sow stock and the number of
breeding farms to measure breeding status. (2) Feed production. Feed resource supply is
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vital to ensuring the stable supply of live pigs. We selected pig compound feed production
and pig feed output value to characterize feed grain production capacity.

The development of the midstream pig industrial chain should comprise healthy
pig feeding, steady pork supply, and waste utilization. (1) Pig health medical services
are crucial safeguards for pigs’ long-term health and development. The study chose
the quantity of basic animal husbandry veterinary stations and the level of veterinary
technology. (2) Farming systems. The breeding link is essential for maintaining a sufficient
supply of pigs. Promoting machinery, increasing scale, and stable supplies are the main
aims. We used total pig production, yield volatility, and labor productivity per person to
gauge the stable supplies. Scale expansion is measured by the degree of large-scale breeding
of various types of livestock and poultry, and the paper selected farmers with more than
500 pigs slaughtered as the indicator of large-scale production and then compared the
total farmers to characterize the level of large-scale production. The total power of a unit’s
livestock machinery for pigs was used to calculate the mechanization rate. (3) Resource
utilization. Green production is the key element of sustainable development. The integrated
planting and breeding technique decreases pig breeding waste emissions and encourages
resource recycling. As a result, the amount of pig dung produced was measured using the
pig slaughter volume, and the nutrient content in pig manure was assessed using the pig
excretion coefficient and the major nutrient content coefficient. Finally, the contribution rate
of pig nitrogen nutrients, phosphorous nutrients, and potassium nutrients was determined
by adding together the fertilizer needs of each province.

Finally, the industry chain downstream involves (1) slaughtering and processing. The
processing industry is an integral part of the livestock products industry chain and enhances
its value. The paper used the average output of processing enterprises to measure the
regional slaughtering and processing capacity. (2) Product consumption. Pork consumption
is the final link in the hog industry chain. This paper measured pork consumption levels
by diversifying meat consumption, per capita pork possession, and pork growth rate.

4.2.2. Independent Variables

The main independent variable in this study was environmental regulation (ER). To
measure ER, some researchers have used a single indicator such as per capita income [62],
environmental investment [42], or treatment level of certain pollutants [63]. Other scholars
adopted integrated evaluation indexes, such as comprehensive evaluation indexes based
on energy intensity and recovery rate [64], the emission intensity of various pollutants [65],
and environmental sustainability indicators provided by the International Network of
Earth Science Information Centers [66]. Considering the availability of data, we referred
to Hamamoto, who uses the natural logarithm of environmental expenditure as a proxy
variable of environmental regulation [42].

Given that the two indicators mentioned above represent the overall level of local
environmental regulation, they cannot focus on the perspective of environmental protection
in the livestock industry. Environmental regulations are government rules that aim to
safeguard the environment [67]. Therefore, considering the association between local
environmental protection policies and the features of the area’s population, economy,
geography, and government aims, we drew on Chen et al. [68] to collect the number
of environmental protection policies issued by the National and Local Agricultural and
Rural Bureau (NARB) regarding environmental pollution concerns in animal husbandry
as a proxy variable for central environmental regulation (CER) and local environmental
regulation (LER).

4.2.3. Control Variables

Education (EDU) has historically served as a proxy for human capital development [30].
The hog industry chain will expand more generally as a result of the increase in human
capital’s impact on business productivity. This study measured education by looking at
residents’ average degree of education.
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Industrial Structure (IS). Distinctions in industrial structure affect the access to hetero-
geneous regional resources, and regions with higher degrees of economic growth are more
able to have access to high-level labor employment. This study used the ratio of primary
industry output to regional GDP to represent industrial structure.

Urbanization Rate (UR). Urbanization implies the emigration of the rural populace
and the resulting modifications in the way of life, consumer demand, and economic growth.
With the growth in urban dwellers’ standards, people’s increasingly diverse demand for
pork product quality leads to the green production behavior of farmers. We expressed
the urbanization rate by the percentage of the urban population in a region at the end of
the year.

Fixed Assets Investment (FAI). FAI will accelerate the change in industrial structure,
market scale, and technological innovation of enterprises, which will provide capital
expenditure for the development of pig enterprises, measured by the natural logarithm of
fixed asset investment.

Infrastructure Construction (IC). Better regional infrastructure represents a higher con-
sumption level of the local population and higher demand for product consumption, quality,
and safety, which can better promote the development of the local hog industry. Therefore,
this paper used the number of roads in miles to measure the level of local infrastructure.

4.2.4. Data Source and Variable Description

On account of the lack of data before 2005, relevant data for 2019 onwards are not yet
available. Its data are excluded from the data sample as Hong Kong, Macao, and Taiwan
data are not available, and the data for Tibet are severely limited. Thus, the panel data used
in this paper utilizes data from 30 provincial administrative regions in China from 2005 to
2019. Our primary data are drawn from China’s official statistical database, including the
China Statistical Yearbook, China Agricultural Yearbook, China Animal Husbandry, and
Veterinary Yearbook, China Feed Industry Yearbook, China Basic Unit Statistical Yearbook,
State Intellectual Property Office, State Bureau of Statistics, Local Agricultural and Rural
Bureau. The missing values were filled using the interpolation method. Table 3 is the
variable definitions and descriptive statistical analysis.

Table 3. Descriptive statistics of variables.

Definition (unit) Mean Std. Dev. Min Max

DPI Comprehensive index of development of pig
industry (-) 0.3337 0.1056 0.1138 0.5990

ER Environmental protection expenditure (108 yuan) 103.7997 92.0150 2.8750 747.4400
EDU Average years of education (year) 8.7380 0.9401 6.3441 12.1763
IS Proportion of output value of one production (%) 10.6517 5.6530 0.2723 32.7347
UR Urban population/total population (%) 54.0851 13.8343 26.8633 89.6125
IC Highway mileage (104 km) 13.4720 7.5395 0.8100 33.7100
FAI Total investment in fixed assets (108 yuan) 12,998.1100 12,138.2800 329.8100 67,082.6200
PP Pork prices (yuan/kg) 22.6164 5.7051 10.8000 49.3700
PGDP Per capita gross national product (104 yuan) 42,577.78 27,076.21 5052 164,220

TI Number of agricultural green inventions
authorized (item) 152.5933 242.8853 0 1678

LSF Ratio of large-scale breeding (%) 1.6227 4.5197 0.0029 75.3846

5. Empirical Results
5.1. Evaluation Results of DPI

Table 4 shows the comprehensive index of DPI in various provinces. The average
annual growth rate of the DPI of China from 2009 to 2020 is 2.01%, compared to 2.85%,
2.21%, and 0.96% for the main, middle-, and low-production regions, respectively. Accord-
ing to the ranking, Hunan reaches the highest average level of DPI (0.5346), followed by
Sichuan and Guangdong (0.5234 and 0.50440, respectively), and Qinghai has the lowest
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quality of industrial chain (0.1712). From the mean value of production areas, the DPI of
the main production zones is highest (0.4461), followed by the medium-sized (0.3130) and
small-sized (0.2421) producing areas. This implies that the live pig industry’s development
level and the regional feeding scale are strongly correlated.

Table 4. The development level of the pig industry.

Region 2005 2010 2015 2016 2017 2018 2019 Mean Ranks

Main pig-production regions

Sichuan 0.3965 0.4842 0.5450 0.5773 0.5621 0.5900 0.4847 0.5234 2
Hunan 0.3958 0.5096 0.5208 0.5565 0.5480 0.5878 0.4971 0.5346 1
Henan 0.4016 0.4379 0.4575 0.4559 0.4381 0.5145 0.4532 0.4678 4
Shandong 0.3509 0.4172 0.4669 0.4863 0.4875 0.5063 0.4445 0.4557 5
Hubei 0.3200 0.4040 0.4191 0.4414 0.4434 0.5207 0.4645 0.4279 6
Guangdong 0.3650 0.5142 0.4960 0.5253 0.5172 0.5885 0.5478 0.5044 3
Hebei 0.3226 0.3327 0.3617 0.3650 0.3626 0.3916 0.3461 0.3621 11
Yunnan 0.2866 0.4125 0.4178 0.4419 0.4545 0.4676 0.3839 0.4072 7
Guangxi 0.2531 0.3531 0.3651 0.3731 0.4716 0.5390 0.4790 0.3868 9
Jiangxi 0.2705 0.3760 0.3970 0.4131 0.4110 0.4171 0.3886 0.3910 8

Mean of main pig-producing regions 0.3363 0.4241 0.4447 0.4636 0.4696 0.5123 0.4489 0.4461 —

Mid-sized production regions

Jiangsu 0.2218 0.2856 0.3262 0.3371 0.3416 0.3747 0.3633 0.3166 17
Anhui 0.2248 0.2912 0.3041 0.3129 0.3124 0.3013 0.2951 0.3040 19
Liaoning 0.2406 0.3761 0.3748 0.3834 0.3915 0.4109 0.3612 0.3663 10
Fujian 0.2624 0.3366 0.3360 0.3745 0.3423 0.3716 0.3529 0.3452 12
Chongqing 0.2291 0.2832 0.3024 0.2974 0.2876 0.2698 0.2564 0.2928 20
Guizhou 0.1845 0.3253 0.2756 0.2822 0.2841 0.2586 0.2239 0.2745 22
Heilongjiang 0.2560 0.3411 0.3164 0.3324 0.3413 0.3108 0.3114 0.3282 13
Zhejiang 0.2700 0.2758 0.1911 0.1928 0.1862 0.1931 0.1985 0.2561 23
Jilin 0.2333 0.3198 0.3423 0.3598 0.3523 0.3760 0.3365 0.3251 14
Shaanxi 0.2259 0.3448 0.3338 0.3367 0.3322 0.2768 0.2886 0.3211 16

Mean of mid-sized producing regions 0.2348 0.3180 0.3103 0.3209 0.3172 0.3144 0.2988 0.3130 —

Small-sized pig-production
regions

Neimenggu 0.1778 0.2644 0.2639 0.2390 0.2963 0.2415 0.2498 0.2497 24
Shanxi 0.1433 0.2540 0.2424 0.2387 0.2427 0.2631 0.2493 0.2447 25
Gansu 0.1811 0.2800 0.3194 0.3244 0.3178 0.2891 0.2624 0.2834 21
Hainan 0.2229 0.3245 0.3325 0.3429 0.2518 0.2625 0.2544 0.3150 18
Xinjiang 0.1860 0.2227 0.2263 0.2364 0.2430 0.2332 0.2488 0.2362 26
Tianjin 0.1855 0.2055 0.1952 0.1987 0.1641 0.1803 0.1748 0.2019 28
Beiing 0.1784 0.1663 0.1709 0.1904 0.1823 0.2557 0.3538 0.2050 27
Shanghai 0.4481 0.1648 0.1565 0.1513 0.1283 0.1138 0.1228 0.1919 29
Qinghai 0.1586 0.1610 0.1851 0.1745 0.1945 0.1907 0.1616 0.1712 30
Ningxia 0.1976 0.3468 0.3638 0.3619 0.3714 0.2359 0.2328 0.3216 15

Mean of small-sized pig-producing regions 0.2079 0.2390 0.2456 0.2458 0.2392 0.2266 0.2311 0.2421 —
Mean of all provinces 0.2597 0.3270 0.3335 0.3434 0.3420 0.3511 0.3263 0.2597 —

Note: For a more detailed analysis of each production area’s situation, 30 provinces in China are divided into
main, mid-sized, and small-sized pig-production regions according to the average pig production in descending
order. The ranks are derived from the mean. Due to space constraints, the index of DPI only shows the years 2005,
2010, and 2015–2019. Source: Authors’ estimations.

Figure 2a clearly shows the development trend of each province. It can be seen that
the pig industry layout in China has obvious aggregation characteristics, with the main
production area (red mark) mainly concentrated in the southwest, the middle-production
area (green mark) concentrated in the east, and the low-production area (yellow mark)
concentrated in the northwest. This is different from Zhong et al.’s observation that pig total
factor productivity is greatest in the eastern region [69]. The reason is that the evaluation
indexes of the pig industry are different. Compared with green production, this paper
pays more attention to the development of the whole hog industry chain. Figure 2 also
shows the pig industry development levels in 2005, 2010, 2010, and 2019, and it can be seen
that the industry development levels of the 30 pig provinces are largely dominated by an
upward trend, but there is a significant decline in DPI in 2019. The epidemic of African
swine disease could be to blame. By the end of 2019, China had killed 1,193,000 pigs overall
since the epidemic began in 2018. Because of the severe imbalance between supply and
demand brought on by the abrupt decrease in hog stock, China experienced a protracted
oversupply problem. Additionally, as a result of farmers’ fear of swine fever, many of them
downsized or withdrew from the market, which not only caused a backlog of material
stocks upstream in the hog industry chain but also made the supply gap downstream in
the chain worse.
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Figure 2. The DPI by province and industrial chain links. Note: Figure (a) shows the development
trend chart of pig industry in 30 provinces in China in 2005, 2010, 2015 and 2019. Figure (b) shows
the contribution of the upsteam, midsteam and downsteam to the pig industry from 2005 to 2019.

Figure 2b shows the DPI of different links in the pig industry chain, with the down-
stream being the lowest, and the contribution of the middle as the core link being the
largest. The overall quality of the industry chain showed an upward trend with time but
declined in 2006, 2012, and 2018. Looking back at the Chinese pig industry’s development
history, we recognize that the pig industry has been affected by the pathogenic blue-ear
disease, pig cycle, and African swine fever in 2006, 2012, and 2018, respectively. This shows
that external impacts have a detrimental impact on China’s pig industry’s development.

5.2. Benchmark Empirical Results

The estimates based on OLS, FE, and FGLS tests, and system GMM are reported by
models 1–4 (Table 5). As you can see, all four models obtain nearly the same results. The
value of AR(1) is less than 0.1, and AR(2) is greater than 0.1 in model 4. This implies that
the perturbation term has no autocorrelation [70]. The p-value of the Hansen test statistic
of 1.000 shows that the hypothesis of the tool variable is correct and cannot be rejected. The
chosen GMM model is feasible, as shown by the estimated coefficient of the first-order lag
of explanatory variables in the GMM model, which is between OLS and FE.

The measured coefficient in model 4 shows that although the linear term of ER is
notably negative, its squared ER2 is extremely positive in all models. The findings support
the “U” dynamic model of DPI increase with ER; hypotheses 1 and 2 are also confirmed.
This discovery echoes that of Minton and Schrand [59], who pointed out a non-linear con-
nection between environmental regulation and the shift in Chinese industrial development
patterns. Environmental regulation slows the growth of the pig business in the early stages
of environmental policy implementation through “cost effects” and “crowding out effects”.
As the regulation level increases, the government will limit the emission behavior of a
few heavy polluters or even force companies out of production. Some pollution-intensive
companies and farmers will also withdraw from the market due to the high environmental
costs. Eventually, some companies and farmers will have to upgrade their pollution control
equipment and invest in research and development to meet regulatory requirements. The
“anti-driving effect” and “compensating effect” are becoming more and more prominent.
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Table 5. Regressions of ER on DPI.

(1) (2) (3) (4) (5) (6) (7)
VARIABLES DPI DPI DPI DPI DPI DPI DPI

OLS FE FGLS GMM Main origin Mid-yield Low-yield
DPI 0.8621 *** 0.3500 *** 0.8659 *** 0.8165 *** 0.8739 *** 0.8703 *** 0.7927 ***

(0.0230) (0.0640) (0.0223) (0.0503) (0.0319) (0.0617) (0.0710)
lnER −0.0685 *** −0.0578 *** −0.0618 *** −0.0631 *** −0.1099 *** −0.0327 −0.0401 ***

(0.0152) (0.0152) (0.0140) (0.0186) (0.0358) (0.0202) (0.0103)
lnER2 0.0076 *** 0.0045 ** 0.0065 *** 0.0070 *** 0.0101 *** 0.0043 0.0054 ***

(0.0017) (0.0017) (0.0016) (0.0021) (0.0039) (0.0026) (0.0015)
lnEDU 0.0810 ** 0.2113 ** 0.0720 ** 0.0874 0.0366 0.0591 0.1022 *

(0.0372) (0.0865) (0.0301) (0.0550) (0.0563) (0.0423) (0.0546)
lnIS 0.0025 −0.0322 * 0.0034 0.0053 0.0015 0.0074 0.0106

(0.0042) (0.0174) (0.0040) (0.0043) (0.0148) (0.0063) (0.0070)
lnUR −0.0449 ** −0.0556 −0.0273 * −0.0365 0.0534 −0.0247 ** −0.0735 ***

(0.0194) (0.0518) (0.0157) (0.0270) (0.0332) (0.0107) (0.0263)
lnIC 0.0070 −0.0356 0.0090 * 0.0064 0.0398 *** −0.0093 −0.0173 **

(0.0058) (0.0343) (0.0051) (0.0077) (0.0138) (0.0092) (0.0077)
lnFAI 0.0082 * 0.0190 0.0082 ** 0.0084 −0.0159 ** 0.0036 0.0055

(0.0045) (0.0126) (0.0035) (0.0059) (0.0076) (0.0024) (0.0093)
lnPP −0.0818 *** −0.0435 *** −0.0788 *** −0.0362 *** 0.0982 *** 0.0427 −0.0808 **

(0.0102) (0.0102) (0.0086) (0.0080) (0.0190) (0.0352) (0.0337)
L.lnPP 0.0085 −0.0030 0.0083 0.0178 −0.1868 ** −0.0975 ** −0.0173

(0.0103) (0.0112) (0.0085) (0.0120) (0.0827) (0.0484) (0.0344)
Constant 0.3336 *** 0.2714 0.2584 *** 0.1078 −0.1959 0.2303 0.2763 ***

(0.0750) (0.1693) (0.0592) (0.0912) (0.2159) (0.1497) (0.0803)
Obs 420 420 420 390 130 130 130
Number of N 30 30 30 30 10 10 10
A(1) −4.10 (0.000) −2.62 (0.009) −2.94 (0.003) −2.59 (0.010)
A(2) 0.72 (0.472) 0.05 (0.963) 0.69 (0.493) −0.07 (0.945)
Hansen 25.58 (1.000) 0.00 (1.000) 0.00 (1.000) 0.00 (1.000)

Note: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. AR (1) and AR (2) are used to
test the difference autocorrelation of the perturbation term. Generally, the first-order difference of the perturbation
term is allowed to have autocorrelation; that is, the p-value of AR (1) is less than 0.1. However, the second-order
difference of the perturbation term is not allowed to have autocorrelation; that is, the p-value of AR (2) should be
greater than 0.1 [70].

We concluded from the control variable coefficients that schooling was significantly
positive at the 5% significant level, indicating that it considerably benefited DPI. In the
knowledge economy, knowledge is the primary driver of economic growth. Education
is becoming increasingly vital as a means of investing in human capital, contributing to
the advancement of production technology, and encouraging industrial innovation [71,72].
Through technical improvement and industrial innovation, EDU raises DPI. However, at
the 1% level, pork prices were notably negative. The conclusion was in line with Wu et al.
‘s observation that hog prices had a detrimental impact on eco-efficiency [40].

5.3. Heterogeneity Analysis

Different provinces show considerable discrepancies in the number of pigs. We divide
30 provinces into main, medium-, and low-production areas. In Table 5, models 5–7
show the regression results of different production areas based on system GMM. From the
estimation coefficient, it is clear that ER affects DPI significantly in a U-shape in low- and
high-producing locations but not in mid-producing areas. The main producing location is
frequently the focal point of the government’s pig supply assurance and environmental
rules, which could be the cause. When the initial environmental regulation is increased,
the operating cost of the farmers will eventually increase, causing harm to the scale of
production, and the late internal vitality will gradually increase. Green technological
innovation will accelerate the creation of the innovation compensation effect. For low-
production areas, the government prefers a strategy of environmental protection to a



Sustainability 2023, 15, 8258 15 of 22

long-term policy of stable production capacity. Therefore, companies and farmers in
low-production areas prefer to pay the cost of emission of small amounts of pollutants
rather than long-term investment such as research and development. Under environmental
regulations, low-production areas are mainly experiencing short-term negative shocks.

5.4. Robustness Checks

Given that the proxy for ER is not uniform, we utilized per capita income as an
alternative to measuring ER [62]. Models 8 and 9 in Table 6 represent the outcomes after
replacing the dependent variable using FGLS and GMM. We discovered that the key
variables’ significance and sign are similar to the basic regression, indicating that our
paper’s findings are reliable.

Table 6. Results of robustness test.

(8) (9) (10) (11)
VARIABLES DPI DPI DPI DPI

FGLS GMM FGLS GMM
L.DPI 0.8853 *** 0.7879 *** 0.8702 *** 0.8530 ***

(0.0221) (0.0631) (0.0218) (0.0422)
lnPGDP −0.0074 * −0.0160 **

(0.0040) (0.0104)
lnPGDP2 0.0007 *** 0.0009 **

(0.0002) (0.0005)
L.lnER −0.0566 *** −0.0413 ***

(0.0102) (0.0137)
L.lnER2 0.0068 *** 0.0058 ***

(0.0013) (0.0016)
lnEDU −0.3577 *** −0.3233 * 0.0791 *** 0.0658

(0.0799) (0.1668) (0.0293) (0.0409)
lnIS 0.0167 *** 0.0156 ** 0.0050 0.0068 *

(0.0037) (0.0079) (0.0039) (0.0040)
lnUR 0.0558 * 0.0271 −0.0300 * −0.0307

(0.0296) (0.0450) (0.0155) (0.0225)
lnIC 0.0130 *** 0.0055 0.0069 0.0008

(0.0041) (0.0040) (0.0050) (0.0067)
lnFAI 0.0201 −0.0086 0.0056 * 0.0047

(0.0222) (0.0383) (0.0033) (0.0049)
lnPP 0.0051 0.0069 −0.0754 *** −0.0387 ***

(0.0043) (0.0058) (0.0086) (0.0098)
L.lnPP 0.0069 * 0.0006 0.0076 0.0129

(0.0038) (0.0065) (0.0084) (0.0130)
Constant 1.8855 *** 1.7183 ** 0.2394 *** 0.1167

(0.3858) (0.8631) (0.0588) (0.0738)
Observations 420 360 420 390
Number of N 30 30 30 30
AR (1) −3.67 (0.000) −4.23 (0.000)
AR (2) 0.53 (0.598) 0.47 (0.635)
Hansen 11.64 (1.000) 25.45 (1.000)

Note: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.

Another key point to remember is that the effect of ER on DPI may have a time lag. As
a result, we applied a one-period lag to the ER and re-regressed the explanatory variables.
The FGLS and GMM results for Models 10 and 11, respectively, demonstrate that the ER
with a one-period lag continues to have a favorable U-shaped association with the DPI.

5.5. Moderating Effect Analysis

According to the theoretical analysis framework of Section 3, this study selected the
logarithms of technological innovation (TI) and large-scale farming (LSF) to form two
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interaction terms with ER, and then FGLS and GMM were used for regression analysis.
Table 7 displays the regression results after adding interaction elements.

Table 7. The mediating effect.

(12) (13) (14) (15)
VARIABLES DPI DPI DPI DPI

FGLS GMM FGLS GMM
L.DPI 0.8585 *** 0.7131 *** 0.8644 *** 0.8260 ***

(0.0227) (0.0807) (0.0215) (0.0426)
lnER −0.0473 *** −0.0491 * −0.0435 *** −0.0563 ***

(0.0140) (0.0259) (0.0124) (0.02192)
lnTI −0.0096 −0.0365

(0.0071) (0.0260)
lnER*LnTI 0.0030 * 0.0106 *

(0.0016) (0.0059)
lnLSF −0.0323 *** −0.0258

(0.0058) (0.0035)
lnER*lnLSF 0.0069 *** 0.0059 *

(0.0012) (0.0095)
lnER2 0.0031 −0.0019 0.0036 ** 0.0055 **

(0.0020) (0.0050) (0.0014) (0.0027)
lnEDU 0.0852 *** 0.1533 0.1230 *** 0.0569

(0.0327) (0.1106) (0.0380) (0.0878)
lnIS 0.0059 0.0088 * 0.0031 0.0027

(0.0040) (0.0048) (0.0038) (0.0061)
lnUR −0.0253 −0.0463 −0.0229 −0.0144

(0.0158) (0.0418) (0.0156) (0.0221)
lnIC 0.0094 * 0.0180 * 0.0114 ** 0.0128

(0.0050) (0.0095) (0.0048) (0.0090)
lnFAI 0.0053 0.0071 0.0136 *** 0.0098

(0.0040) (0.0117) (0.0038) (0.0095)
lnPP −0.0775 *** −0.0290 *** −0.0721 *** −0.0059

(0.0085) (0.0091) (0.0083) (0.0491)
L.lnPP 0.0057 0.0189 0.0124 −0.0052

(0.0085) (0.0121) (0.0084) (0.0435)
Constant 0.2350 *** 0.0568 0.0152 0.0345

(0.0607) (0.1328) (0.0803) (0.1864)
Observations 420 390 420 390
Number of N 30 30 30 30
A(1) −3.75 (0.000) −3.91 (0.000)
A(2) 0.57 (0.566) 0.74 (0.460)
Hansen 24.25 (0.995) 6.44 (1.000)

Note: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.

Firstly, the estimated coefficient for the interaction term of ER and TI in models 12
and 13 are significantly positive at 10%, respectively. TI greatly lessens the detrimental
impact of ER on DPI. The negative effect of ER on DPI increased by 0.30–1.06% for every 1%
increase in the proportion of TI. The conclusion was in line with Wang et al. [73]. The green
innovation behavior of pig breeding subjects can help the breeding subjects to carry out
green production, decrease the pollution cost, and improve the green production efficiency
of pig farmers. Improvements in technology can speed up the arrival of the “innovation
compensation effect” and reduce the amount of time that environmental regulations must
show the “cost-effective effect” to promote the development of the live pig industry chain
at a higher level.

Secondly, the estimated coefficients of ER and LSF interaction terms in model 14 and
model 15 are significantly positive at 1% and 10%, respectively. The results showed that
LSF significantly reduces the negative effects of ER on DPI. The negative effect of ER on
DPI increased by 0.59–0.69% for every 1% increase in the proportion of LSF. The reason may
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be that large-scale pig farms have higher waste disposal rates and lower pollution levels
than free-range farms. Under the same environmental regulation framework, large-scale
pig farms can better utilize their advantages to expedite the arrival of the inflection point of
the innovation offset effect. Large-scale breeding is crucial to the environmentally friendly
and long-term growth of the pig industry.

Even though the pig industry has experienced numerous external shocks recently, the
implementation of large-scale transformation and an upgrading strategy improves the risk
resistance ability of the industrial chain as a whole, weakening the short-term “compliance
costs effect” caused by the environmental regulation of negative effects, accelerating the
formation of the “innovation effect”, and finally enhancing the development of the overall
level of the pig industry chain.

5.6. Further Discussion

To master how provincial governments will implement national environmental reg-
ulation, we collected the number of environmental policies about livestock and poultry
released by the official government website. We brought central environmental policy
(CER) and local environmental regulation (LER) into the model as new ER indicators. The
outcomes are displayed in Table 8. Model 16 shows that the CER and DPI continue to have
a U-shaped connection.

Table 8. Influence of animal husbandry environmental policy on DPI.

(16) (17) (18) (19) (20)
VARIABLES DPI DPI DPI DPI DPI

GMM GMM Main origin Mid-yield Low-yield
L.DPI 0.7918 *** 0.7790 *** 0.6017 *** 0.6675 *** 0.7823 ***

(0.0450) (0.0721) (0.1052) (0.1716) (0.1465)
CER −0.0023 *

(0.0012)
CER2 0.0001 *

(0.0000)
LER −0.0019 *** 0.0023 *** −0.0023 ** −0.0034 **

(0.0007) (0.0009) (0.0011) (0.0016)
LER2 0.0000 ** −0.0000 ** 0.0000 * 0.0001 *

(0.0000) (0.0000) (0.0000) (0.0000)
lnEDU 0.0556 0.0691 0.2235 0.1429 * 0.0639

(0.0707) (0.0773) (0.1371) (0.0819) (0.0872)
lnIS 0.0092 0.0076 −0.0110 0.0212 0.0020

(0.0059) (0.0057) (0.0311) (0.0134) (0.0112)
lnUR −0.0275 −0.0288 −0.0033 −0.0338 −0.0607

(0.0398) (0.0355) (0.0652) (0.0312) (0.0527)
lnIC 0.0018 0.0053 0.0515 −0.0210 −0.0051

(0.0093) (0.0080) (0.0360) (0.0216) (0.0086)
lnFAI 0.0131 * 0.0110 ** −0.0213 0.0048 0.0051

(0.0067) (0.0055) (0.0172) (0.0071) (0.0059)
lnPP −0.0745 *** −0.0095 −0.0832 *** 0.0168 0.0464 *

(0.0140) (0.0180) (0.0133) (0.0145) (0.0262)
L.lnPP −0.0042 0.0100 0.0281 ** 0.0172 −0.0139

(0.0077) (0.0134) (0.0140) (0.0143) (0.0171)
Constant 0.1754 * −0.0738 −0.0678 −0.1885* 0.0440

(0.1004) (0.0785) (0.3905) (0.1065) (0.1308)
Observations 420 390 130 130 130
Number of N 30 30 10 10 10

A(1) −3.90 (0.000) −3.95 (0.000) −2.5 1(0.012) −2.47 (0.014) −2.28
(0.023)

A(2) 0.51 (0.613) 0.43 (0.670) 1.44 (0.149) 0.55 (0.582) 0.18 (0.858)
Hansen 26.87 (1.000) 23.28 (0.225) 0.00 (1.000) 0.00 (1.000) 0.00 (1.000)

Note: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.



Sustainability 2023, 15, 8258 18 of 22

It is worth noting that there are still some variations in how local governments imple-
ment national environmental legislation. According to the regression results from models
17–20, LER showed a U-shaped relationship for all DPI for non-primary production areas,
the same as the total sample regression results in model 17. However, an inverted U-shaped
relationship is shown for the main production areas. A possible reason for this is that the
efficiency of local government regulation in key production regions frequently varies with
economic, political, and ecological aims. Due to “GDP competitiveness” and “vegetable
basket responsibility”, the government may also develop subsidy policies to promote farm-
ing and expand farming, while enforcing environmental legislation policies. In doing so,
it will lessen the financial pressure on farmers to comply with environmental regulations
while simultaneously achieving environmental protection and boosting the pig industry’s
sustainable development. This is in line with the findings of Zhao et al., who postulate that
the impact of ER is positively correlated in those with high levels of economic development
and U-shaped in other places [74]. This shows that under the direction of varied aims, the
consequences of environmental control in key production areas produce distinct results.

When reviewing the regional heterogeneity results of models 5–6, the regression results
of total environmental input indicators on regional environmental regulation policies are
also controversial in the medium-production areas. The possible reason is that most of
the middle-producing regions are eastern coastal cities with a concentration of people and
industrial development, and industry, as the main output of GDP in the region, is the focus
of environmental inputs, which also crowd out the environmental inputs of livestock and
poultry farming. From the regression results of the environmental policy for livestock and
poultry in the mid-production areas, the implementation of environmental policy in the
mid-production areas still follows the assumption of the short-term cost effect and the
long-term innovation compensation effect.

6. Conclusions

This study explores the influencing effects of ER on the DPI under multiple dilemmas
by using FGLS and system-GMM, using panel data from 30 Chinese provinces collected
from 2005 to 2019. To begin with, considering the longer value chain and more multi-
dimensional objectives of the pig industry, we created the assessment indicator system for
the development of the pig industry chain focused on the seven links of “fine seed breeding,
feed production, pig health, pig breeding, resource utilization, slaughter and processing,
and consumption” with the entropy weight method. Experimental findings indicate that
DPI in the main production areas is higher than in the mid-sized and low-sized production
regions. The industrial chain’s middle link has a big impact on DPI, as seen from an
industrial chain perspective. Secondly, the empirical findings indicate that in the primary-
and low-pig-production zones, ER and DPI have a positive U-shaped connection. Further-
more, to investigate the moderating effect relationship between ER and DPI, the interaction
variables of TI and LSF with ER were introduced, respectively. It was discovered that TI
and LSF might lessen the detrimental effects of ER on DPI. That is to say, the large-scale
transformation strategy’s combined effects hasten the creation of the “Porter hypothesis”
and the coming of the environmental regulatory tipping point. Furthermore, there are also
considerable differences in how local governments apply national environmental policies.
The LER has an inverted U-shaped connection with DPI in the main producing areas and
a U-shaped in the non-major producing areas. Based on the aforementioned empirical
findings, this article makes the following policy recommendations.

(1) The gap in how local governments apply environmental regulation suggests that the
environmental supervision mechanism of livestock and poultry needs to be improved.
Localities implemented a discretionary decision-making mechanism based on the
pig cycle to balance the policy’s multiple objectives. Such subjective government
intervention, in turn, tended to accelerate the pig-cycle process. Therefore, it is
essential to build an environmental performance evaluation system that takes into
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account local conditions as well as scientifically constructs and enhances the rules and
regulations on animal husbandry environmental protection.

(2) Scale transformation benefits the growth of the pig industry. Coordination between
short- and long-term policies is essential. Short-term policies focus on the scale-up
process of pig production. The long-term policy priority should be to encourage firms
and farmers to innovate technologically, raise fundamental R&D investment, and
promote green farming via the “innovation compensation” effect, to balance rising
production costs. In the transitional period of technical innovation and industrial
transformation, we should optimize the centralized treatment mechanism of pig
manure pollution under government subsidies, support the large-scale transformation
of the industry, and assure stable production and supply.

(3) The breeding link is an important link to the development of the industrial chain.
Therefore, it is crucial to improve the risk management ability of pig breeding. First
of all, based on the core regulatory indicators of breeding sows, dynamic assessment
should be carried out in provinces and regions with sudden epidemic risks. Secondly,
an industrial chain coordination mechanism should be established to strengthen the
comprehensive coordination of factor supply and price stabilization of node enter-
prises or farmers on the chain through technology, market, and financing relations.
Thirdly, it should strengthen the inter-temporal transformation mechanism of sys-
temic risk in the industrial chain based on “live pig futures + insurance,” and guide
financial institutions in providing risk management services that encompass the entire
industrial chain, such as hedging and insurance.
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