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The stabilizing effect of scale
breeding on swine production
volatility-empirical evidence from
China

Hui Jiang, Mingli Wang*, Zhaohui Yan and Yumeng Sun

Institute of Agricultural Economics and Development, Chinese Academy of Agricultural Sciences,
Beijing, China

Introduction: In the pursuit of agricultural sustainability and food security, the
stability of livestock production under large-scale operations plays a pivotal role.

Methods: Based on panel data from 26 provinces in China spanning the years
2007102020, this study employs a two-way panel fixed effects model to examine
the stabilizing effect of scale breeding on swine production volatility in China.
Additionally, it utilizes the moderating effect model to examine the moderating
effect of epidemic risk and policy intervention, and uses the threshold effect
model to test the threshold effect of marketization level.

Results: Empirical evidence indicates that moderate-scale breeding exerts
a stabilizing effect on swine production volatility, with this effect displaying
regional disparities. From the external situation, the higher the risk of epidemic
disease, the stronger the stable effect of scale breeding on the fluctuation of
swine production, while the enhancement of policy intervention cannot promote
the stability of scale breeding on swine production volatility. There is a single
threshold effect on the impact of scale breeding on swine production volatility.
When the degree of marketization reaches a certain level, the stabilizing effect
of scale breeding on swine production volatility is enhanced.

Discussion: Therefore, itisrecommended to promote the moderately scaled swine
breeding, enhance epidemic monitoring and information disclosure systems,
reduce excessive policy intervention, and fully leverage the self-regulating role
of the market.

KEYWORDS

agricultural sustainability, food security, swine production volatility, scale breeding,
epidemic risk, policy intervention

1 Introduction

In 2015, the United Nations Sustainable Development Summit adopted the “Transforming
our World: The 2030 Agenda for Sustainable Development,” which established the Global
Sustainable Development Goals (SDGs). Among these, Sustainable Development Goal 2 is
to end hunger, achieve food security and improved nutrition, and promote sustainable
agriculture. This objective requires enhancing the agricultural production capacity of
developing countries, ensuring the proper functioning of food commodity markets and their
derivatives, and limiting extreme fluctuations in food prices. However, in recent years, factors
such as the COVID-19 pandemic (Nugroho et al., 2022; Kornher et al., 2024), social conflicts
(Ameyaw et al., 2021), rade policy disruptions (Lee et al., 2024), geopolitical tensions (Mulyo
et al,, 2023; Goyal et al., 2024), and climate change (Renaudeau and Dourmad, 2022) have
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exacerbated global food insecurity, extreme price volatility, and
income disparities between small-scale and large-scale food
producers. These issues pose significant threats not only to sustainable
agricultural development but also to the livelihoods of vulnerable
populations and broader economic stability (Grofova and Srnec,
20125 McEwan et al., 2020; Xu et al., 2024). As the largest developing
country, China faces considerable pressure to enhance the stability
and sustainability of its food supply, particularly in its rapidly
expanding livestock sector (Bai et al., 2019).

The livestock industry is a crucial component of food systems
that ensures food security and nutritional balance. Pork, as one of
the most consumed meats worldwide, plays a significant role in this
context. Pig farming not only drives economic growth but also
serves as a key contributor to the global supply of animal protein,
making it a crucial industry for safeguarding food security
(Adesehinwa et al, 2024). In recent years, heightened global
uncertainties have had profound impacts on the pig industry, with
the outbreak of African Swine Fever (ASF) standing out as a critical
event that has severely disrupted global supply chains. Visetnoi and
Nelles (2023) noted that from 2017 to 2021, global pork production
declined partly due to the ASF outbreak, which affected many pig
farmers, especially in China and Southeast Asia. For instance, the
outbreak of ASF in Vietnam led to a sharp decline in the pig
population around 2018 (Kim et al., 2024). Additionally, geopolitical
tensions, such as the US-China trade war, introduced further
uncertainties, directly influencing pig farming and market
conditions in China (Li and Bao, 2020). China, as the world’s largest
producer and consumer of pork, accounted for 48.44% of global
pork production and 50.73% of global pork consumption in 2022.
Pork is also the most significant component of meat consumption
among Chinese residents, with per capita pork consumption making
up 77.75% of total meat consumption in 2022 (Ji et al., 2019; Qiao
et al, 20165 Zhang et al., 2021). Thus, the stable development of
China’s pig industry is of paramount importance to food security,
economic development, and social stability both domestically and
globally. However, the industry has been plagued by significant
cyclical fluctuations in production and prices (Zhu et al., 2022; Zhuo
etal., 2021). Since the emergence of the “pig cycle” in the early 21st
century, China’s pig industry has undergone five complete cyclical
fluctuations, occurring roughly every 4 years: 2003-2006, 2006
2010, 2010-2014, 2014-2018, and 2018-2021. Besides external
shocks, many scholars argue that low levels of industrialization are
a key reason for the significant fluctuations in China’s pig production
(Zhao, 2017). In recent years, China has seen a marked increase in
the industrialization and concentration levels of pig farming.
According to “China Livestock and Veterinary Statistics,” the
proportion of large-scale farms, those with an annual output of over
500 pigs, rose from 34.5% in 2010 to 65.1% in 2022. Given the
emphasis on food security within the Sustainable Development
Goals and the increasing external uncertainties, it is imperative to
explore whether scaling up can enhance supply stability and to
determine how to optimize its impact.

However, there is some controversy in the academic community
regarding whether scaling up can stabilize swine production volatility.
Some scholars argue that small-sized farms are more adaptable in
adjusting their supply and production capacity following market
fluctuations, leading to a situation of “follow the herd,” exacerbating later
market volatility (Li et al., 2012). Moreover, small-scale pig farmers are
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often more susceptible to inadequate biosecurity measures due to
cognitive and financial limitations, which exacerbates the impact of
external shocks, such as disease outbreaks, on the industry (Schembri
et al,, 2015). Consequently, it is proposed that in order to eliminate
significant cyclic fluctuations in the swine market, it is necessary to change
the situation of dispersed and extensive farming and expedite the
development of large-scale swine farming (Weng, 2013). However, other
scholars contend that in the event of severe epidemics and policy shocks,
large-scale farms may experience “big inflows and outflows,” with their
demonstration effect potentially triggering sharp, short-term market
volatility (Li and Wang, 2020). Conversely; free-range farmers, due to their
minimal fixed inputs, can swiftly enter the market to supplement
production capacity in the context of declining pig production, thus
playing a necessary role in the structure of pig farming scale (Huang et al,,
2021). The U.S. swine market exhibits relative stability, and in the face of
disruptions caused by the COVID-19 pandemic, the American pork
supply chain has demonstrated considerable resilience (Ramsey et al.,
2021). Bai etal. (2023) suggest that a significant factor contributing to this
resilience is the promotion of large-scale farming through the contract
production model. Conversely, Guo and Lin (2020) argue that scale alone
cannot eliminate cyclical volatility or narrow the amplitude of fluctuations
in the pork market; instead, it serves to elongate the market’s fluctuation
cycle, rendering it irregular. In addition to theoretical and empirical
analyses, some scholars have further conducted empirical tests based on
data. These studies almost unanimously conclude that the scale expansion
of pig farming can stabilize fluctuations in pig production, or do so under
certain conditions. However, the stabilizing effects exhibit significant
variations when facing positive and negative shocks (Zhou et al., 2015),
price increases and decreases (Shen and Qiao, 2019), and across different
regions (Wang G. Y. etal., 2018).

Existing literature has explored whether the scale expansion of pig
farming stabilizes production fluctuations, as well as the conditions and
mechanisms under which this stabilizing effect operates. These studies
provide a solid foundation for this paper. However, several aspects still
require further advancement. Firstly, empirical studies to date have
utilized pre-African swine fever outbreak data; however, the outbreak
of African swine fever in China from 2018 onwards and the series of
relevant policies implemented by the government to restore pig
production have had a profound impact on China’s pig industry. Both
the external aspects, such as scale, structure, and farming methods, and
the internal aspect of farmers confidence in pig breeding have
undergone significant changes. In this “great reshuftle” scenario, it is
necessary to reevaluate the stabilizing effect of scale breeding on swine
production volatility. Secondly, existing research has not delved into
exploring how, under the trend of scaling, external conditions should
be created to make the stabilizing effect of scale breeding on swine
production volatility more significant if it can indeed stabilize such
volatility. In the face of external shocks, should we opt for “visible
hands” (policy interventions) or “invisible hands” (market regulation)?
This paper utilizes panel data from China spanning 2007 to 2020 to
empirically examine the stabilizing effect of scale breeding on swine
production volatility, the moderating role of policy interventions and
epidemic risks in the relationship between scale breeding and swine
production volatility, and the threshold effect of marketization on the
impact of scale breeding on swine production volatility. These results
can provide a reference basis for effectively leveraging the advantages
of scale breeding to stabilize swine production volatility and contribute
to achieving global food security goal.
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2 Theoretical analysis and research
hypotheses

2.1 The impact of scale breeding on swine
production volatility

Compared to free-range breeders, entities engaged in scale
breeding exhibit significant advantages in terms of capital, technology,
and organizational capabilities (Xu et al., 2023; Zhou et al., 2023), thus
often possessing stronger resilience against market risks. Moreover,
under asset constraints, the likelihood of scale farms suspending or
shifting production during periods of depressed prices is relatively
lower. In the face of market fluctuations, scale breeding primarily
stabilizes swine production volatility through the following pathways.

Firstly, scale farms are more adept at withstanding the risk of
declining pig prices due to their financial advantages. Supply theory
indicates that the most significant determinant for producers to adjust
output is the fluctuation in product prices. Under market economy
conditions, when pig prices rise or operate at high levels, breeding
operations see increased profits, leading pig breeders to expand their
scale to increase the overall supply. Conversely, when prices fall or
operate at low levels, breeding profits decrease or even result in losses,
prompting breeders to reduce scale or exit the industry. According to
the cobweb model theory, the absolute value of pork supply price
elasticity exceeds that of demand price elasticity. Therefore, the key to
reducing the “pig cycle” lies in maintaining supply-demand balance by
ensuring supply when prices are low (Song, 2016). Free-range breeders,
constrained by limited scale and capital, are more susceptible to exiting
the breeding market when facing sustained low or declining pig prices.
In contrast, scale breeders, with substantial financial resources,
minimal loan and financing constraints, and strong capital turnover
capabilities, can sustain production and operations for a considerable
period even when market prices fall below cost levels (Iyai et al., 2021).

Secondly, scale breeding facilitates technological innovation and
application, thus better addressing the fluctuations in the pig market.
Scale breeding is often closely linked to modern animal medicines,
feed, equipment, and production technologies (Xin et al., 2023). On
the one hand, pig breeding enterprises of sufficient scale demonstrate
strong technological innovation capabilities. On the other hand, even
if smaller-scale breeding enterprises may lack innovation capabilities,
they are still more receptive to and likely to adopt new technologies
compared to scattered individual breeders (Hu et al., 2022). For
example, the use of new animal medicines and vaccines can effectively
enhance pigs’ disease resistance, reducing the impact of diseases on
swine production. Advanced feed formulas and feeding techniques
can enhance pigs growth and development capabilities, thereby
increasing production efficiency. Additionally, intelligent equipment
and automation technology can improve work efficiency and reduce
the influence of human factors on production fluctuations.

In addition, scale breeding can mitigate market risks through
increased organizational coordination. Industrial organization theory
examines how market structures and firm behaviors influence market
operations and fluctuations, emphasizing the importance of
economies of scale to reduce costs and improve efficiency. Scale
breeding often integrates resources across various sectors such as
breeding farms, feed suppliers, animal medicine producers, and
slaughter and processing enterprises, to foster collaborative industry
chain and value chain synergies, aiming to optimize resource
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allocation and risk dispersion. Collaboration between farming
operations and upstream/downstream enterprises can also establish
long-term stable supply relationships, further reducing market
fluctuation risks (Wang Z. Q. et al., 2023).

Finally, scale breeding operations, due to their stronger asset
specificity, incur higher costs for production cessation or conversion
(Wang G. et al., 2023). Free-range breeders, with limited scale and
investment, face relatively lower fixed asset losses when exiting pig
farming or converting production in response to declining or
prolonged low pig prices. Conversely, the equipment deployed in
scale breeding operations is more advanced and automated, giving
rise to significantly higher asset specificity once the operation is
established and in production (Yang et al., 2024). Consequently, the
suspension or conversion of production in scale breeding operations
leads to substantial idle and depreciation of fixed assets. Therefore,
during periods of depressed pig prices, large-scale producers are
inclined to persist due to substantial sunk costs, thereby contributing
to the stability of swine production. Based on the above analysis,
hypothesis 1 is proposed.

HI: Scale breeding has a stabilizing effect on swine
production volatility.

2.2 The moderating role of epidemic risk in
the impact of scale breeding on swine
production volatility

Epidemic risk is recognized as a significant factor influencing
fluctuations in swine production (Cheng and Ward, 2022). Since 2007,
widespread outbreaks of highly pathogenic diseases such as blue ear
disease, swine fever, viral diarrhea, and African swine fever in China
have had a profound impact on the pig husbandry (Ma et al., 2021; Shi
etal, 2023). Initially, pig diseases may lead to pig deaths and disease
spread, thereby reducing the inventory of pigs (Liu et al., 2023; Niemi,
2020). Subsequently, these diseases may result in decreased production
efficiency and increased disease prevention measures, consequently
raising production costs and pork prices (Ma et al., 2023). Moreover,
the effects of epidemics on transportation, logistics, and other aspects
can possibly lead to changes in market supply and demand dynamics,
thereby affecting swine production.

However, in environments with higher disease risk, the stabilizing
role of scale breeding in swine production volatility may be more
pronounced. From a biosafety management perspective, large-scale
farms generally possess superior standardized production systems,
which can mitigate disease risk through centralized management and
production (Woonwong et al., 2020). On the one hand, the centralized
management and facilities of scale farms aid in isolating disease
sources, reducing the likelihood of disease transmission. Scale farms
are also equipped to establish their own disinfection centers for
enhanced disease prevention and control. On the other hand, scale
farms typically implement stricter biosafety management measures,
such as closed management, routine disease monitoring, and
vaccination (Wang et al., 2022), and are supported by professional
veterinary and management teams capable of promptly identifying,
diagnosing, and addressing disease issues, effectively preventing and
controlling the occurrence and spread of epidemics. In terms of risk
resistance, scale farms often demonstrate higher capabilities in areas
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such as funding, technology, and market access. During disease
outbreaks, scale farms are better positioned to swiftly resume
production, thereby reducing industry-wide fluctuations. From a
policy support perspective, the Chinese government’s assistance to pig
farms often carries certain thresholds, requiring a certain scale of pig
breeding to qualify for government subsidies (Liu and Zheng, 2024).
Based on the above analysis, hypothesis 2 is proposed.

H?2: Epidemic risk plays a positively moderating role in the
stabilizing effect of scale breeding on swine production volatility.

2.3 The moderating effect of policy
intervention intensity on the impact of scale
breeding on swine production volatility

In academia and industry, there has long been significant debate
over whether the government should intervene and how to intervene
in response to the social welfare losses resulting from the
malfunctioning of the pork market. Liberal economists argue that
government intervention will only disrupt the normal functioning of
the market, leading to misallocation of resources and inefficiency
(Shang and McEwan, 2021). They believe that the market can
automatically adjust prices through supply and demand dynamics,
achieving optimal resource allocation. Market price fluctuations in the
pork industry are seen as a result of self-regulation, and the
government should not intervene in this process. Lu et al. (2020) argue
that government intervention has dual-sided effects. Direct
governmental interventions may potentially misguide entrepreneurs
or lead to rent-seeking behaviors, thereby contributing to corruption
and inequitable income distribution. Bai et al. (2017) observed a clear
presence of information asymmetry in the Chinese pork market. In
contrast, the pork market in the European Union, due to its minimal
policy intervention, does not exhibit significant informational shock
asymmetric effects. Therefore, it is recommended that relevant
Chinese government departments reduce intervention and further
enhance transparency in the pork market. However, in reality, the
Chinese governments intervention in the pork market is quite
substantial. Based on the current national conditions and past
experiences, there are three main reasons for the government’s
intervention in the pork market: first, the incomplete development of
futures markets for stabilizing pork production; second, the
government’s strong short-term corrective capacity in the pork market
compared to market regulation; and third, the successful experience
of the Chinese grain reserve system in maintaining relatively stable
long-term food prices (Lv et al., 2022). Yan et al. (2014) suggest that
in response to the pork cycle, the government can select an appropriate
combination of policies from subsidies, taxation, reserves, and price
controls, along with a rational intervention strategy, to ensure price
stability of pork, even with incomplete information.

Over the past 20 years, China has experienced uninterrupted “pork
cycles,” all of which have involved government intervention. In the
middle and later stages of the rising phase of the “pork cycle;” the
government’s intensive introduction of support policies leads to
excessive reactions from producers, resulting in excessive expansion of
pork production. Subsequently, after a substantial increase, pork prices
enter a significant decline phase. For example, from 2007 to 2008, a
series of support policies such as subsidies for sow breeding and
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supporting the construction of large-scale breeding farms were
successively introduced. From 2020 to 2021, an even greater series of
support policies to restore pork production were implemented than
those in 2007-2008. The price increases have led to an expansion in
production scale, and the introduction of additional support policies at
this time would inevitably further stimulate production, leading to
severe oversupply after 18months, causing prices to plummet
significantly. Many producers went bankrupt or reduced sow breeding,
thereby inducing the occurrence of the next “pork cycle” When prices
reach their lowest point, if combined with factors like epidemics
(second, third, and fourth “pork cycles”) or production control policies
related to “environmental protection” (fifth “pork cycle”), the next “pork
cycle” becomes inevitable. It can be said that, apart from the impact of
epidemics, inappropriate intervention policies may be the main cause
of different degrees of fluctuation in the “pork cycle” Therefore,
excessive policy intervention may not necessarily play a promoting role
in stabilizing the fluctuation of pork production in the context of scale
breeding. Based on the above analysis, hypothesis 3 is proposed.

H3: Policy intervention intensity does not play a noticeably
moderating role in the stabilizing effect of scale breeding on swine
production volatility.

2.4 The threshold effect of marketization
level on the impact of scale breeding on
swine production volatility

The degree of marketization refers to the role and status of market
mechanisms in resource allocation within a country or region’s economic
activities. A higher degree of marketization signifies freer market supply
and demand dynamics, more flexible resource allocation, greater
independence for businesses, and a more regulatory and coordinating
role for the government (Zhang et al,, 2019). The influence of scale
breeding on swine production volatility may vary due to different levels
of marketization. Firstly, under conditions of higher marketization, scale
farmers are more focused on acquiring and analyzing market
information, enabling them to more accurately predict market trends
and develop production and sales strategies based on market demand
and trends, thereby mitigating the impact of market fluctuations on
swine production. Secondly, in an environment with higher
marketization, scale farmers are more willing to invest resources to
improve production efficiency and quality, thereby alleviating production
fluctuations through technological innovation and standardized
management practices. This gives scale farmers an advantage in dealing
with market fluctuations. Thirdly, in a context of higher marketization,
scale breeding can better leverage economies of scale to reduce
transaction costs, expand the scope of pig market transactions, mitigate
imbalances in production and sales among different regions through a
“unified large market,” and thereby alleviate the “pork cycle” In summary,
when marketization is higher, scale farmers have stronger competitive
advantages in terms of market information acquisition and adaptation,
production technology and management capabilities, cross-regional
transactions, and are better equipped to cope with market fluctuations.
Based on the above analysis, hypothesis 4 is proposed.

H4: There exists a threshold effect in the influence of scale
breeding on swine production volatility, whereby the stabilizing
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effect of scale breeding on swine production volatility becomes
more apparent when the level of marketization reaches a certain
high point.

The relationship between the variables and the corresponding
hypotheses can be seen in Figure 1.

3 Materials and methods
3.1 Data source

The data selected for this study comprises annual data from 26
provinces in China (excluding Hong Kong, Macao, Taiwan, Tibet, as
well as the four municipalities of Beijing, Tianjin, Shanghai, and
Chongging) for the years 2007 to 2020. The data on swine production,
urban residents’ disposable income are sourced from the “China
Statistical Yearbook,” while the proportion of large-scale farm swine
production comes from the “China Livestock and Veterinary Statistics.”
The pig industry policies are derived from the Peking University Law
Information Database, while data on swine disease mortality and culling
are obtained from the “Veterinary Bulletin” The marketization index is
sourced from the China Marketization Index Database developed by
scholars such as Fan & Wang. Prices of pork, chicken, beef, soybean
meal, and corn are extracted from the “China Livestock and Veterinary
Yearbook,” and CPI data is from the National Bureau of Statistics.
Interpolation is utilized to fill in missing price data based on the national
average price trend and neighboring period data with missing values.

3.2 Variables selection

3.2.1 Dependent variable

The dependent variable in this paper is the volatility of swine
production, with the logarithm of the percentage of pig slaughter
fluctuation serving as a proxy for swine production volatility. The time
series data includes three components: long-term trend elements,
seasonal variation elements, and fluctuation elements. As pig slaughter

10.3389/fsufs.2024.1457499

volume is annual data and does not require seasonal adjustment, only
the Hodrick-Prescott filter method is utilized to separate the long-
term trend component, preserving the fluctuation component. This
study focuses on the degree of swine production volatility and the
stabilizing effect of scale breeding on swine production volatility,
without regard to direction. Hence, the absolute value of the extracted
fluctuation component yields the swine production volatility.

3.2.2 Core independent variable

Based on the standards of scale pig farming in “China Livestock
and Veterinary Statistics,” the degree of pig scale breeding is measured
by the logarithm of the proportion (%) of the annual slaughter volume
of farms with an annual slaughter output of more than 500 heads to
the total slaughter volume. In order to further distinguish the impact
of different levels of pig farming scale on swine production
fluctuations, this study divides the level of pig farming scale into
small-scale, medium-scale, and large-scale, with annual slaughtering
of 500-2,999 heads, 3,000-9,999 heads, and over 10,000 heads,
respectively. The logarithm of the proportion (%) of slaughtering
output of different scale breeding to the total slaughtering output is
used to measure the level of pig farming scale at different scales. From
the time when breeders make production plans to the pigs being
slaughtered, there is approximately a one-year period during which
the level of pig farming scale does not affect the situation of pig
slaughtering. Therefore, a lagged treatment of the level of pig farming
scale is required (Yang and Wang, 2022).

3.2.3 Moderator variables
(1) Policy intervention: The announcement and implementation of
pig farming policies may influence breeders’ production and
slaughtering decisions, and the extent of this impact may vary
among breeders of different scales. To study the moderating
effect of policy intervention on the impact of pig farming scale
on swine production fluctuations, this paper constructs a policy
intervention index as a moderating variable. The construction
of the index refers to relevant studies (Pan et al., 2019; Shi and
Hu, 2023). By searching for the title keywords “pig” in the
Peking University Law Information Database, 2,775 pig

Marketization level

H4
threshold effect

Swine production

Scale breeding

—H1 direct effect T

moderating effect

volatility

Epidemic risk

Policy intervention

FIGURE 1
Conceptual framework diagram.

External shocks
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industry-related policy documents from 2007 to 2020 were
obtained. The effectiveness level of policy documents was
quantified, and combined with the number of documents issued
by each province to construct a pig farming policy intervention
index, which was then log-transformed. The specific assignment
criteria are as follows: local regulations are assigned a value of 4,
local government regulations are assigned a value of 3, local
normative documents are assigned a value of 2, and local
working documents are assigned a value of 1.

(2) Epidemic risk: The occurrence and uncertainty of diseases can
greatly impact breeders’ confidence and expectations in swine
production and breeding. Breeders of different scales have
varying capacities to withstand disease risks. To study the
moderating effect of disease risk on the impact of pig farming
scale on swine production fluctuations, this paper constructs a
disease risk index as a moderating variable. This index is
calculated by obtaining the absolute value of the volatility of
current period death toll + current period culling number

previous period inventory /10000

, with volatility extracted using the HP filter method. This study
considers major swine diseases such as African Swine Fever,
Classical Swine Fever, Porcine Reproductive and Respiratory
Syndrome (PRRS, also known as Blue Ear Disease),
cysticercosis, swine pneumonia, and swine erysipelas.

3.2.4 Threshold variables

Degree of marketization: The most widely used comprehensive
marketization index constructed by scholars such as Fan & Wang’s team,
as well as two government-related sub-indices (government-market
relationship index and non-state economic development index) under
the comprehensive marketization index, are subjected to logarithmic
transformation (Fan et al., 2011). Specifically, the government-market
relationship index comprises three sub-indices: “proportion of market
allocation of economic resources, “reduction of government
intervention in enterprises;,” and “reduction of government size” The
non-state economic development index consists of three sub-indices:
“proportion of non-state economy in the main business revenue of

» <«

industrial enterprises,” “proportion of non-state economy in the total
fixed asset investment of the whole society;” and “proportion of urban

non-state economy employment to the total urban employment”

3.2.5 Control variables

To ensure the accuracy and rationality of the results, a set of
control variables affecting fluctuations in swine production was
made, informed by the studies of Chen et al. (2016), Wang and Wei
(2021), Wang et al. (2022) and Yang and Wang (2022), focusing
primarily on the following three considerations: (1) Fluctuations in
product and substitute product prices: The fluctuation of previous
period product prices directly impacts producer decisions; thus, it is
necessary to control for the lagged pork price volatility. Meanwhile,
current substitute product prices also influence consumer choices,
thereby affecting breeders’ production and marketing intentions. Beef
is one of the main substitutes for pork consumption among residents.
Therefore, beef price volatility will be considered as a control variable.
(2) Fluctuations in production factor prices: According to the
“Compilation of National Agricultural Cost-Benefit Data 2023”, feed
costs account for approximately 50-70% of pig farming costs,
representing the primary cost in pig farming. Hence, fluctuations in
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feed prices directly affect pig production costs and subsequently
impact pig production (Wang G. et al., 2018). Corn is a major
component of pig feed. As there is a lag between breeders’
determination of input factors and the pigs being marketed, the
lagged corn price volatility will be taken into account as a control
variable. (3) Fluctuations in consumer purchasing power:
Fluctuations in consumer purchasing power affect pig demand,
which in turn influences swine production. Consumers typically base
their next year’s consumption on the previous year’s income level.
Therefore, the lagged urban residents’ per capita disposable income
volatility will be selected as a control variable.

To eliminate the influence of price factors, the Consumer Price Index
(CPI) with the base year of 2006 will be used to adjust pork prices, beef
prices, corn prices, and urban residents’ per capita disposable income.
Since pork prices, beef prices, and corn prices are all monthly data, the
CensusX12 seasonal adjustment method will be applied to the adjusted
price series to remove seasonal fluctuations. Then, the HP filtering
method will be used to extract the volatility term, followed by taking the
absolute value and calculating the arithmetic mean to obtain the average
volatility within the year, and finally, a natural logarithm transformation
will be applied. Urban residents’ per capita disposable income is annual
data and does not require seasonal adjustment. Only the HP filtering
method will be used to extract the volatility term, followed by taking the
absolute value and applying a natural logarithm transformation.

Definition of variables and descriptive statistics can be seen in
Table 1.

3.3 Empirical models

3.3.1 Benchmark model

This study investigates the stabilizing effect of scale breeding on
pigs production fluctuations. It conducts econometric analysis using
panel data across provinces from 2007 to 2020 and establishes the
following panel model:

Vhogslau;; = Py + piL.Scale;;_1 + o Epidy;

+ P Policyy; + 0CVi + i + €y W

In Equation 1, i refers to the region, and ¢ refers to time. Vhogslau,
refers to swine production volatility, measured in terms of the volatility of
swine slaughter quantity. L.Scale;; refers to the lagged swine scale
breeding. Policy; refers to policy intervention, Epid, refers to epidemic
risk. CV;, refers to a group of control variables, including Pork; ;, Corn
Beef, Income;. ;, Policy;, Epid,, y; refers to the individual heterogeneity
that affects the fluctuation of swine production, &;; refers to the stochastic
disturbances that vary over time and across individuals.

3.3.2 Moderating effect model

To further explore the moderating effects of policy interventions
and epidemic risk on the relationship between scale breeding and pigs
production fluctuations, the following models are established:

Vhogslauj = o + piL.scaley— + PrEpidy
+ B3 Policy;; + PaPolicy;* L.scaley_ 2)
+0CVi + i + &it
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TABLE 1 Definition of variables and descriptive statistics.

Variable name Code Definition Mean S.D.
Dependent variable
Swine production volatility ‘ Vhogslau ‘ The logarithm of the percentage of pig slaughter fluctuation ‘ 0.546 ‘ 1.342
Key independent variables
Scale breeding L.scale The logarithm of the proportion (%) of the annual slaughter volume of farms with an annual 3.529 0.614
slaughter output of more than 500 heads to the total slaughter volume
Small-scale breeding L.s-scale The logarithm of the proportion (%) of the annual slaughter volume of farms with an annual 2.908 0.532
slaughter output of 500-2,999 heads to the total slaughter volume, lagged by one period
Medium-scale breeding L.m-scale The logarithm of the proportion (%) of the annual slaughter volume of farms with an annual 2.208 0.592
slaughter output of 3,000-9,999 heads to the total slaughter volume, lagged by one period
Large-scale breeding Ll-scale The logarithm of the proportion (%) of the annual slaughter volume of farms with an annual 2.069 0.797
slaughter output of more than 10,000 heads to the total slaughter volume, lagged by one period
Moderator variables
Policy intervention Policy Build indicators according to policy documents related to the live pig industry 1.793 1.064
Epidemic risk Epid The absolute value of the volatility of 1.241 2.873
current period death toll + current period culling number
previous period inventory /10000
Threshold variables
Degree of marketization Market The logarithmic transformation of the comprehensive marketization index constructed by 1.971 0.254
scholars such as Fang Gang and Wang Xiaolu and two government-related component indices
Government-market relationship Gover The logarithmic transformation of the sub-indices (government-market relationship index) of 1.877 0.315
marketization
Non-state economic development Nonsoe The logarithmic transformation of the sub-indices (non-state economic development index) of 2.177 0.320
marketization
Control variables
Pork price fluctuation L.pork The lagged pork price volatility 2.431 0.637
Corn price fluctuation L.corn The lagged corn price volatility 1.421 0.612
Beef price fluctuation Beef The beef price volatility 0.546 1.342
Fluctuation of per capita disposable | L.income The lagged urban residents’ per capita disposable income volatility 2.908 0.532
income of urban residents

Vhogslaui; = Po + piL.scalej;_1 + prEpid;;

+ BsPolicy; + BaEpid;” Lscale;_ 3)
+0CVi + pi + &it

In Equation 2, Policyit*L.Scaleit-1 denotes the interaction term
between scale breeding and policy interventions. In Equation 3,
Epidit*L.Scaleit-1 denotes the interaction term between scale breeding
and epidemic risk.

3.3.3 Threshold effect model

To investigate the threshold effect of marketization level on the
influence of scale breeding on swine production fluctuations, this study
incorporates a threshold variable into the regression based on the
aforementioned models, thus expanding the model to a threshold
effect model:

Vhogslauj, = fo + piL.scale—| X [(Market;; < y)
+ foLscalej;—| X I(Markety; > y)+ S3Epid;;

+ PaPolicyy + ﬁ’5Epid,-,*L.scale,-,,1 X +fePolicy; (4)
*Lscalej_| +0CVi + uj + it
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In Equation 4, I(-) is a characteristic function, the threshold

variable is Market (and two sub-indices—Gover and

Nonsoe).

4 Results and discussion

4.1 Unit root test

To avoid spurious regression, panel data is subjected to a unit root
test prior to empirical analysis. The LLC test is employed in this study,
and the results in Table 2 indicate that all variables pass the significance
test and exhibit no unit roots. Based on these findings, empirical
testing can be conducted.

4.2 Baseline regression analysis
Utilizing a two-way panel fixed effects model, this study examines

the stabilizing effect of scale breeding on swine production volatility.
Columns (1) to (2) in Table 3 present the regression results of the

frontiersin.org


https://doi.org/10.3389/fsufs.2024.1457499
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Jiang et al.

impact of scale breeding on swine production volatility without and
with control variables, respectively. The estimated coefficients of scale
breeding are significantly negative at the 10% level in both cases,
indicating that scale breeding reduces the fluctuations in swine
production, thus confirming Hypothesis 1. Furthermore, the results
of the control variables indicate that epidemic risk significantly
increases fluctuations in swine production.

To further distinguish the impacts of different scale level on the
volatility of swine production, the scale level was divided into small-
scale, medium-scale, and large-scale levels (defined, respectively, by
annual slaughter numbers of 500-2,999, 3,000-9,999, and over 10,000
heads, as a proportion of total slaughter numbers, with logarithmic
transformation applied). The results of regression are presented in
columns (3) to (5) of Table 3. Only the coefficient of swine medium-
scale breeding is significantly negative, indicating that only moderate
scale can stabilize swine production volatility. Therefore, in subsequent

TABLE 2 The result of LLC test.

Variables LLC P&
Vhogslau —2.736%#% 0.003
Scale —6.611%%* 0.000
S-scale —6.4247%% 0.000
M-scale —7.665%%% 0.000
L-scale —5.104%#% 0.000
Policy —1.916%* 0.028
Epid —6.737#%% 0.000
Market —1.889%* 0.029
Pork —2.242%% 0.013
Corn —12.648%#%#%* 0.000
Beef —9.8827#7#* 0.000
Income —3.467%%% 0.000

##k % and *indicate significance at the 1, 5, and 10% levels, respectively.

TABLE 3 The result of baseline regression.

10.3389/fsufs.2024.1457499

analysis, swine medium-scale breeding will be used as the primary
explanatory variable. One possible reason is that it is only after reaching
a certain scale that transaction costs can be reduced, leading to
economies of scale. Moreover, only when reaching a certain scale will
breeders have the motivation to invest in more sophisticated facilities
and equipment, thereby stabilizing production. While compared to
medium-scale breeding, the number of large-scale breeding farms is
relatively small, decision-making is more centralized, and individual
slaughter volumes are larger. Once production plans are adjusted, there
is a risk of “big gains and big losses,” which may also exert a strong
“demonstration effect” on other breeders, thereby weakening the
stabilizing effect of scale breeding on swine production volatility.

4.3 The robustness test

In order to ensure the reliability of the empirical research findings
previously presented, this study conducted the following
robustness checks.

4.3.1 Winsorization

Outliers in the regression sample may bias the estimation results.
Therefore, this paper applies winsorization to all continuous variables
in the baseline regression at the 1 and 5% quantiles, replacing outliers
beyond the 98 and 90% intervals, respectively, before re-estimating the
regressions. The results in columns (1) and (2) of Table 4 indicate that
after winsorization, the impact of pig farming scale on production
volatility remains significantly negative, consistent with the baseline
regression findings.

4.3.2 Changing the regression period

The regression period from 2007 to 2020 in the baseline regression
was replaced by a shorter period in this robustness test, specifically
from 2011 to 2020 and from 2007 to 2017. The results, as shown in
columns (3) and (4) of Table 4, indicate that the coefficient for pig
farming scale remains significantly negative, consistent with the

Variables (1) (2) (3) (4) (5)
L.scale —0.677* (0.332) —0.654* (0.324)

L.s-scale 0.036 (0.420)

L.m-scale —1.034%%* (0.378)

L.l-scale 0.359 (0.267)
L.pork 0.266 (0.524) 0.307 (0.545) 0.134 (0.450) 0.309 (0.519)
L.corn —0.027 (0.123) 0.009 (0.126) —0.062 (0.125) —0.003 (0.127)
Beef —0.214 (0.164) —0.218 (0.159) —0.231 (0.165) —0.203 (0.169)
L.income —0.005 (0.058) —0.006 (0.055) —0.005 (0.057) 0.010 (0.059)
Epid 0.021% (0.012) 0.022%* (0.012) 0.022%* (0.012) 0.022% (0.011)
Policy —0.049 (0.069) —0.069 (0.078) —0.054 (0.071) —0.055 (0.076)
Year Yes Yes Yes Yes Yes
Constant 1.541 (1.026) 1.385 (1.852) —0.663 (2.224) 1.593(1.485) —1.127 (1.743)
N 338 338 338 338 338

R’ 0.289 0.295 0.287 0.310 0.292

w0k and *indicate significance at the 1, 5, and 10% levels, respectively, with robust standard errors in parentheses.
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baseline regression results. The absolute value of the coefficient for pig
farming scale during the period from 2011 to 2020 is greater than that
in the baseline regression, while the absolute value of the coefficient
during the period from 2007 to 2017 is smaller than that in the
baseline regression. This suggests that the stabilizing effect of farming
scale on swine production volatility has become more pronounced in
recent years.

4.3.3 Replacing the dependent variable

In the baseline regression, the dependent variable, swine
production volatility, was represented by the logarithm of the
fluctuation rate of swine slaughter. The “Implementation Plan for
Capacity Regulation of Swine Production (Interim)” issued by the
Ministry of Agriculture and Rural Affairs of the People’s Republic of
China in 2021 identified the change rate of sow stock as the core
regulatory indicator for swine production capacity. The fluctuation
rate of swine slaughter can directly measure changes in production
supply, while the change rate of sow stock (the sow stock of the
previous year being the underlying cause of the current year’s swine
production) better reflects the principle of “early warning, regulatory
guarantees, timely intervention, and precise policy implementation.”
Therefore, in the robustness test, the dependent variable was replaced
by the logarithm of the fluctuation rate of sow stock to measure swine
production volatility. Consequently, the pork and corn price
fluctuations included in the control variables were no longer lagged.
Column (5) in Table 4 presents the regression result with the
fluctuation of sow stock as the dependent variable, where the
coefficient for the scale of swine farming remains significantly
negative, consistent with the baseline regression results. Furthermore,
in this robustness test, the absolute value of the coefficient for swine
scale breeding is slightly smaller than that observed in the baseline
regression, affirming the appropriateness and accuracy of the variable
selection in the baseline regression. In conclusion, these results
confirm the reliability of the main findings of this study and affirm the
stability and credibility of the reported results.

TABLE 4 Robustness test.

10.3389/fsufs.2024.1457499

4.4 Regional heterogeneity analysis

Dividing 26 provinces into northern and southern provinces, with
the Qinling-Huaihe River as the boundary (Northern provinces
include Inner Mongolia, Xinjiang, Hebei, Gansu, Ningxia, Shanxi,
Shaanxi, Qinghai, Shandong, Henan, Anhui, Liaoning, Jilin,
Heilongjiang, and southern provinces include Jiangsu, Zhejiang,
Hubei, Hunan, Sichuan, Guizhou, Yunnan, Guangxi, Jiangxi, Fujian,
Guangdong, Hainan), separate regressions were conducted for the two
regions, and the regression results are shown in columns (1) and (2)
of Table 5. The results indicate that the stabilizing effect of scale
breeding on swine production volatility is significant in the southern
region but not in the northern region. This may be due to the fact that
the northern region is relatively colder than the southern region,
which imposes higher requirements on swine farming facilities and
equipment, leading to higher construction costs for scale breeding and
thus relatively lower levels of pig farming scale. In contrast, the climate
in the southern region is more suitable, the population is denser, and
there is relatively greater market demand. Additionally, influenced by
factors such as dense water networks and greater environmental
pressures, independent or cooperative moderate-scale breeding is
more prevalent and mature (Data shows that in the southern and
northern regions, the annual slaughter volume in pig farms with a
scale of 3,000-9,999 heads accounted for 11.01 and 8.94% of the total
slaughter volume, respectively). Furthermore, the northern region is
an important area for feed raw materials, while the cost of pig farming
feed is relatively higher in the southern region. Therefore, in the
southern region, the “economies of scale” of moderate-scale breeding
can be leveraged to reduce production costs and stabilize swine
production volatility.

In the “14th Five-Year Plan” for the national animal husbandry and
veterinary industry development, the national swine farming industry
is divided into sending-out areas, main sales areas, and production-
sales balance areas based on factors such as economic and social
development level, resource and environmental carrying capacity, and

Variables ()] (2) (3) (4) (5)
Winsorization 1% Winsorization 5% Period 2011- Period 2007— Dependent variable
2020 2017 Vsowstock
L.m-scale —1.022%* (0.401) —0.911% (0.451) —1.989%%% (0.675) —0.556* (0.296) —0.683%%(0.322)
L.pork 0.058 (0.457) 0.207 (0.494) 0.497 (0.430) —0.310 (0.372)
L.corn —0.051 (0.131) —0.034 (0.136) —0.177 (0.153) 0.080 (0.170)
Pork —0.028 (0.368)
Corn 0.042 (0.131)
Beef —0.175 (0.161) —0.175 (0.149) —0.022 (0.188) —0.327%% (0.153) 0.071 (0.154)
L.income —0.003 (0.055) 0.023 (0.050) 0.024 (0.054) —0.052 (0.065) —0.044 (0.057)
Policy —0.018 (0.072) —0.003 (0.065) —0.108 (0.091) —0.012 (0.122) —0.119 (0.079)
Epid —0.001 (0.044) —0.150 (0.131) —0.002 (0.036) 0.018 (0.013) 0.043%*% (0.013)
Year Yes Yes Yes Yes Yes
Constant 1.663 (1.525) 1.287 (1.611) 4.394%* (1.770) 2.195% (1.262) 2.877%* (1.070)
N 338 338 338.000 260.000 338.000
R 0.327 0.344 0.347 0.209 0.452

w0k and *indicate significance at the 1, 5, and 10% levels, respectively, with robust standard errors in parentheses.
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TABLE 5 Results of regional heterogeneity analysis.

Variables

10.3389/fsufs.2024.1457499

(3) (4)

Production-sales
balance area

Non-balanced
production-sales area

L.m-scale —0.880 (0.568) —1.413%%* (0.530) —0.913 (1.005) —1.010%* (0.467)
Control variables Controlled Controlled Controlled Controlled
Year Yes Yes Yes Yes
Constant 0.900 (2.157) 3.401%* (1.328) 0.047 (4.077) 2.231% (1.175)
N 182 156 182 156

RrR? 0.307 0.389 0.490 0.225

##k, **and *indicate significance at the 1, 5, and 10% levels, respectively, with robust standard errors in parentheses.

market consumption demand (Sending-out areas include Hubei,
Hunan, Henan, Guangxi, Liaoning, Jilin, Heilongjiang, Hebei, Anhui,
Shandong, Jiangxi, main sales areas include Guangdong, Zhejiang,
Jiangsu, Beijing, Tianjin, Shanghai, and production-sales balance areas
include Inner Mongolia, Shanxi, Hainan, Sichuan, Chonggqing, Yunnan,
Guizhou, Fujian, Tibet, Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang).
This study categorizes sending-out areas and main sales areas as
non-balanced production-sales areas and conducts separate regressions
for the non-balanced production-sales areas and production-sales
balance areas, with the regression results presented in columns (3) and
(4) of Table 5. The results indicate that the stabilizing effect of scale
breeding on swine production volatility is significant in the production-
sales balance areas but not in the non-balanced production-sales areas.
This may be due to the frequent product trading between provinces in
non-balanced production-sales areas, leading to greater market
supply-demand fluctuations. Moreover, under uncontrollable factors
such as diseases, product circulation between regions may be hindered
(Yan et al,, 2023; Yao et al,, 2022), thus weakening the stabilizing effect
of scale breeding on swine production volatility. In contrast,
production-sales balance areas can basically achieve self-sufficiency,
and the relatively stable market supply-demand relationship allows
moderate-scale breeding to better stabilize production.

4.5 The moderating role of policy
intervention and epidemic risk

To examine whether policy intervention and epidemic risk play a
moderating role in the impact of scale breeding on pig production
volatility, interaction terms of epidemic risk and policy intervention
intensity with scale breeding were separately included in the
regression. To mitigate the high collinearity between the interaction
terms and the explanatory and moderating variables, the explanatory
and moderating variables were centralized before the interaction. The
regression results are presented in columns (1) to (3) of Table 6. In
column (2), the coefficient of the interaction term between epidemic
risk and scale breeding is significantly negative at the 5% level,
confirming that while an increase in epidemic risk exacerbates pig
production volatility, the stabilizing effect of scale breeding on pig
production volatility becomes more pronounced during heightened
disease fluctuations. This suggests that scale farming operations
maintain more stable production in the face of epidemic risk, and that
epidemic risk does not significantly impact the production plans of
scale farming operations. Hypothesis 2 is validated. In column (3), the

Frontiers in Sustainable Food Systems

coefficient of the interaction term between policy intervention
intensity and scale breeding is not significant, indicating that excessive
policy intervention does not promote the stabilizing effect of scale
breeding on pig production volatility. This may be due to the lack of
foresight and precision in China’s current policy interventions in the
pig industry, with a tendency for more pro-cyclical regulation and less
counter-cyclical regulation in response to pig production fluctuations
(Xin et al,, 2023), thus resulting in an insignificant effect of policy
intervention in promoting stable production through scale breeding.
Hypothesis 3 is validated.

4.6 The threshold effect of marketization
level

To further investigate the potential non-linear relationship
between scale breeding and the volatility of pig production, and to
verify the roles of the market’s “invisible hand” and the government’s
“visible hand,” this study introduces a panel threshold model. Utilizing
the bootstrap resampling method, the study examines the threshold
characteristics of the marketization index and its component indices.
Single-threshold, double-threshold, and triple-threshold tests are
successively conducted. The results of the threshold effect tests and the
estimated threshold values are presented in Table 7. The comprehensive
marketization index, the government-market relationship index, and
the non-state economic development index all pass the single-
threshold test at a significance level of 10%, with threshold values of
1.597, 2.260, and 1.754, respectively.

The regression results of the threshold model in Table 8 indicate
that when the comprehensive marketization index is less than or equal
to 1.597, the stabilizing effect of scale farming on pig production
volatility is not significant. However, when the comprehensive
marketization index exceeds 1.597, the stabilizing effect of scale
farming on pig production volatility becomes significant at the 1%
level, with a coefficient of —1.186. This suggests the presence of a
threshold effect of marketization on the influence of scale farming on
pig production volatility. Stable production in scale farming requires
a favorable external market environment, and only when the degree
of marketization reaches a certain level will scale farming have a
stabilizing effect on pig production volatility. This may be attributed
to the fact that only when the degree of marketization reaches a
certain level are information transparency, predictability of market
demand, coordinated and stable supply chains achieved, enabling
scale farms to gain technological and cost advantages through

frontiersin.org


https://doi.org/10.3389/fsufs.2024.1457499
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Jiang et al.

TABLE 6 Moderating effect regression results.

10.3389/fsufs.2024.1457499

Variables (2) (3) (2)
L.m-scale —1.034%% (0.378) ~1.007%* (0.369) —1.230%%* (0.418)
Policy ~0.054 (0.071) ~0.036 (0.077) —0.055 (0.073)
Epid 0.022* (0.012) 0.022% (0.012) —0.027 (0.027)

Policy*L.m-scale

0.098(0.102)

Epid*L.m-scale

—0.336%* (0.161)

Control variables Controlled Controlled Controlled
Year Yes Yes Yes
Constant 1.593 (1.485) 1.612 (1.449) 1.857 (1.565)
N 338 338 338

R 0.310 0.312 0.327

sk %k and *indicate significance at the 1, 5, and 10% levels, respectively, with robust standard errors in parentheses.

TABLE 7 Results of threshold effect testing and threshold value estimation.

Threshold Model Threshold 95% confidence Fvalue p value Critl0 Crit5

variable value interval

Market Single threshold 1.597 [1.553, 1.605] 11.040 0.074 10.423 12.013 15.496 500
Gover Single threshold 2.260 [2.248,2.267] 10.880 0.084 10.460 12.300 17.949 500
Nonsoe Single threshold 1.754 [1.707, 1.757] 12.850 0.074 11.671 14.389 20.720 500

The number of bootstrap iterations (BS) refers to the resampling frequency in the bootstrapping method. A higher number of iterations leads to greater result accuracy.

TABLE 8 Results of threshold regression.

Threshold variable = Threshold interval coefficient Standard error 95% confidence interval

Market Market<1.597 —0.623 0.397 [~1.405,0.159]
Market>1.597 —1.186% 0330 [~1.836, —0.536]

Gover Gover<2.260 —1.143%%* 0.329 [—1.791, —0.494]
Gover>2.260 —1.633%% 0.357 [-2.335,-0.931]

Nonsoe Nonsoe<1.754 —0.715%* 0.359 [—1.421, —0.009]
Nonsoe>1.754 —1.209% 0.328 [~1.854, —0.563]

#k % and *indicate significance at the 1, 5, and 10% levels, respectively.

standardized production processes and economies of scale. Moreover,
under favorable development conditions, they receive stable policy
support, have more stable expectations, and consequently reduce
production volatility. Hypothesis 4 is essentially confirmed.
Furthermore, focusing on two government-related aspects
indexes under the comprehensive marketization index, the threshold
model regression results indicate that when the government-market
relationship index is below the threshold value (2.260), the coefficient
for scale farming is —1.143. Once the government-market relationship
index surpasses the threshold value, the coeflicient for scale farming
becomes —1.633, both coefficients are significant at the 1% level. This
demonstrates that as the proportion of market allocation of economic
resources increases and government intervention decreases, the
stabilizing effect of scale farming on pig production significantly
improves. This can be attributed to the fact that market mechanisms
help optimize resource allocation, allowing scale farms to utilize
resources more fully, enhance overall production efficiency, and
improve their resilience to risks. Therefore, as the role of the market’s
“invisible hand” rises and the role of the government’s “visible hand”
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declines, scale farms are better able to contribute to stable production.
Additionally, when the non-state economic development index is
below the threshold value (1.754), the coefficient for large-scale
farming is —0.715. Upon crossing the threshold value, the coefficient
for scale farming becomes —1.209, further strengthening its stabilizing
effect on pig production volatility. The aforementioned coeflicients are
significant at the 5 and 1% levels, respectively. This indicates that
non-state economic development helps stimulate the vitality of micro-
subjects and mobilize social resources, thereby continuously
reinforcing the stabilizing effect of scale farming on pig production
volatility. The threshold regression results of marketization aspects
indexes further validate the preceding conclusions.

5 Conclusions and policy implications
The panel data from 26 provinces in China from 2007 to 2020

is utilized in this study to empirically analyze the stabilizing effect
of scale farming on the fluctuation of swine production, the
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moderating effect of epidemic risk and policy intervention on the
relationship between scale farming and swine production
fluctuation, as well as the threshold effect of marketization level on
the impact of scale farming on swine production fluctuation. The
study’s findings are as follows: First, moderately scaled farming
(annual slaughter of 3,000-9,999 pigs) has a stabilizing effect on
swine production fluctuation. This effect is significant in the
southern region but not significant in the northern region; it is
significant in balanced production and consumption areas, but not
significant in unbalanced production and consumption areas.
Second, the stronger the disease risk, the stronger the stabilizing
effect of moderately scaled farming on swine production fluctuation.
Third, the moderating effect of policy intervention on the stabilizing
effect of scale farming on swine production fluctuation is not
significant. Fourth, there exists a threshold for the stabilizing effect
of scale farming on swine production fluctuation. When the
comprehensive level of marketization reaches the threshold value,
scale farming has a stable effect on swine production fluctuation.
From the aspect index, when government-market relationship
index, and non-state economic development index reach the
threshold value, the stabilizing effect of scale farming on pig
production becomes significantly enhanced.

Overall, this study provides a novel theoretical perspective and
empirical evidence, making significant contributions to the existing
literature, particularly regarding the relationship between breeding
scale and swine production volatility. Firstly, the paper employs data
that includes the post-African Swine Fever outbreak period, offering
a reassessment of whether scale farming still plays a stabilizing role in
swine production amidst the “great reshuffle” By revealing regional
heterogeneity, it deepens the discussion on how region-specific factors
influence the effectiveness of agricultural economies of scale in
stabilizing production. Furthermore, the study incorporates the
moderating effects of external shocks, such as disease outbreaks (e.g.,
African Swine Fever) and government policy interventions, while also
emphasizing the threshold effect of marketization. This enriches the
understanding of how both “visible hands” (policy interventions) and
“invisible hands” (market forces) can foster breeding scale
development to stabilize swine production in an era of increasing
global uncertainty.

Based on the research conclusions, the following policy insights
are proposed:

First, promote moderately scaled pig farming and choose
appropriate farming models according to local conditions. On the one

» <«

hand, collaboration models such as “company + farmers,” “company
+ base + farmers,” “company + cooperative + farmers,” “company +
village collective + farmers” can be implemented to lower the technical
and financial thresholds for small-scale farmers to expand their scale
and drive them towards moderately scaled farming. On the other
hand, establishing a risk protection mechanism to reduce the risks of
scaled farming, such as increasing government subsidies to encourage
full coverage of breeding sow and fattening pig farming insurance by
scaled farmers, expanding the scope of fattening pig price insurance,
and promoting “insurance + futures” and “insurance + credit” models
to help scaled farmers withstand market and disease risks. At the same
time, methods such as establishing a manure treatment system (e.g.,
biogas digester, sewage treatment facilities), producing organic
fertilizer, biogas power generation, and collaborating with surrounding
farmers for manure harmless treatment and resource utilization
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should be adopted to reduce environmental pollution from
scaled farming.

Second, improve the monitoring and information disclosure
system of diseases and increase the accuracy and transparency of
disease information. Due to concerns that the announcement of
epidemics may affect officials’ career development and the normal
development of the local pig industry, and that it may be difficult to
pay subsidies for culling infected pigs after full reporting of
epidemic outbreaks, various regions commonly delay, conceal, or
underreport pig disease outbreaks (Ma et al., 2024). This makes it
difficult for farmers to accurately judge the real situation of
surrounding diseases based on public information. To prevent
passive infection, farmers can only increase the investment in
disease prevention and control and reduce trading frequency.
Combined with the empirical results of this study, improving
disease monitoring and information disclosure systems can enable
large-scale farmers to have more accurate disease information and
more efficiently exert their stabilizing effect on production. First,
regular inspections and sampling tests of farms should be carried
out to ensure real-time monitoring of epidemic situations, and to
regularly release pig disease monitoring results, early warning
information, and response measures. Second, transportation,
slaughtering, and quarantine processes should be strengthened to
clarify the responsibilities of disease prevention at each stage and
continuously improve the biological safety protection levels of
each process.

Third, maintain policy stability and reduce excessive intervention
of the “visible hand”” Policy intervention in the process of industrial
development should be moderate. Frequent policy changes cannot
stabilize pig production and may instead increase uncertainties for
farmers, discouraging long-term investments. From a long-term
perspective, stable and predictable support policies in finance,
should
be maintained to ensure the continuity of policies, avoiding creating

banking, land wuse, and environmental protection
confusion for farmers. In the current situation, efforts should be made
to improve the countercyclical regulation mechanism for pig
production and reduce pro-cyclical regulation to avoid amplifying
market risks through policy intervention. Matters that can be adjusted
by market should be given time to be regulated by the market itself,
and only consider policy adjustments for issues that cannot
be regulated by the market and have significant impacts.

Fourth, create a favorable market environment to fully leverage the
self-regulating role of the market’s “invisible hand” Firstly, it is
important to establish and improve agricultural product market
information release platforms, trading platforms, and market early
warning mechanisms, in order to make agricultural supply and
demand information transparent. This will enable farmers to timely
understand market dynamics and adjust production decisions
accordingly, preventing significant market fluctuations. It is
recommended to integrate the data from the direct reporting system
of the Ministry of Agriculture and Rural Affairs with the statistics and
survey monitoring data from the National Bureau of Statistics, in order
to establish uniform standards and ensure the accuracy of production
and supply-demand data. Secondly, promote live collateral and whole-
farm asset financing for scaled farms to address the financing
difficulties faced by farmers. The construction of pig farms and the
purchase of breeding equipment, as well as investment in pigs, require
considerable capital. However, most farmers currently face challenges
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in using the aforementioned assets as collateral for loans, resulting in
widespread financing difficulties. It is suggested to promote live
collateral through digital transformation, advance the separate rights
confirmation of land and buildings in aquaculture farms to facilitate
comprehensive collateralization of entire aquaculture operations,
enabling the “valuable assets” of farmers to be utilized as “effective
assets” for financing. Furthermore, efforts should be made to encourage
the development of agricultural intermediary organizations such as
cooperatives and social service agencies to promote integrated
cooperation in production, marketing, and credit. Additionally, in
areas such as the utilization of organic waste resources, collaborative
win-win partnerships can be achieved by bringing together suppliers
and buyers to reduce transaction costs.

6 Research limitations and future
direction

Due to the unavailability of more recent disease-related data in
China, the article utilizes data from the period 2007-2020. Future
research could employ simulation methods such as machine learning
to establish predictive models for further analysis. Moreover,
broader data collection from other countries can facilitate
comparative studies.
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