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Introduction: Promoting the development of large-scale pig farming is a crucial
measure implemented by the Chinese government to regulate the pig market.

Methods: By utilizing panel data from 30 provinces in China spanning from 2003
to 2020 and employing the PVAR model, this study examines the relationships
among price random fluctuations, profftability levels, and industrial scale.

Results and discussion: The findings reveal that industrial scale can effectively
mitigate price random fluctuations; however, it also leads to a decrease in
relative hog prices. Moreover, there exists significant heterogeneity in the
impact of scaling on price random fluctuations. Increasing the proportion of
farmers engaged in pig farming with a scale ranging from 500 to 9,999 heads
reduces random price fluctuations, while increasing the proportion of farmers
involved in pig farming with a scale exceeding 10,000 heads has no effect on
stabilizing such fluctuations. Additionally, threshold effects are observed for
epidemics and environmental regulations. When environmental regulations are
less stringent, industrial scale enhances relative prices and stabilizes random
fluctuations; nevertheless, once certain thresholds are surpassed, industrial
scale diminishes relative prices and eliminates its stabilizing effect on random
fluctuations. Similarly, after an epidemic surpasses its threshold level, industry
scale fails to stabilize random price fluctuations. These findings provide valuable
insights for governments when formulating industrial policies aimed at mitigating
agricultural market risks.

KEYWORDS

agricultural economy, livestock industry, industrial structure, epidemic, environmental
regulations

1 Introduction

Agriculture contributes significantly to GDP, serves as a vital source of food and industrial
raw materials, and is a source of livelihood for the majority of farmers in developing countries.
In most developing countries, the agricultural industry has the potential to alleviate poverty
at a faster rate compared to other sectors (Nugroho, 2021a). Agriculture contributes
significantly to GDP, serves as a vital source of food and industrial raw materials, absorbs a
portion of national labor, and is a source of livelihood for the majority of farmers in developing
countries. However, due to its inherent fragility, agriculture is susceptible to external shocks
that may result in unforeseen consequences such as heightened price volatility and diminished
welfare for farmers (Nugroho, 2021b). In these conditions, farmers suffer losses or make only
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a small profit. Meanwhile, as food prices increase, consumers must
spend more of their income to buy it. As an external intervention
measure, it is necessary to study the relationship between policy
measures and  market price risks associated  with
agricultural commodities.

China’s animal husbandry sector has achieved remarkable
progress since the implementation of reform and opening up. From
1980 to 2017, the total meat production in China increased from
12.054 to 8.5811 million tons, with an average annual growth rate of
5.45%. Specifically, pork production witnessed a growth rate of 4.28%.
Moreover, during the period from 1978 to 2017, the proportion of
animal husbandry’s contribution to the total output value of
agriculture rose from 14.98 to 26.38%." In terms of pig production, in
1978, China’s hog slaughtering amount was 161.1 million, accounting
for approximately one-fourth (25.84%) of global pig production at that
time; whereas by 2017 China’s pig output reached around 672 million,
accounting for 55.01% of the global hog slaughtering amount.”

The agricultural sector faces diverse uncertainties and risks,
notably in pig prices, price risks being a significant concern (Aimin,
2010). Since the early 21st century, pig prices have exhibited frequent
and substantial fluctuations, influenced by external shocks like
epidemics and disasters (Gale et al., 2012; Wang et al,, 2020). In
response, the State Council issued the “Notice on the Production and
Supply of Pork and other non-staple Foods to Maintain Market
Stability” A series of policies and measures was introduced to regulate
the pig market. For instance, in 2007, the Central Committee issued
the “Opinions on Promoting the Development of Pig Production and
Stabilizing Market Supply” This document emphasized policies such
as encouraging the development of large-scaled pig farming and
promoting standardized farming.

These initiatives led to a rapid expansion in Chinas pig industry. The
proportion of large-scale breeding accounts for 64.5% of the total
breeding.’ By September 2021, the top 10 listed companies in China’s pig
industry contributed approximately 14%, representing 66.51 million head
of the national volume." Despite these advancements, challenges of
recurring fluctuations and periodic “peaking” and “bottoming”
phenomena in pork prices remained severe, particularly following
outbreaks like African swine fever (Yang and Wang, 2022). Why does the
price of pigs still fluctuate sharply despite the steady increase in scale? Is
the relationship between industry scale and market price risk limited by
other key factors? Additionally, will an increase in large-scale farming lead
to monopoly and impact pig prices?

To explore these issues, this study analyzes the relationship
between industrial scale and price risk in Chinas hog market using
data from 30 provinces spanning 2003 to 2020. Additionally,
we examine the impact of industrial scale on market risk under
different disease intensities and environmental regulations. The
significance of this study lies in refining hog market risk metrics,
comprehensively discussing the interaction between industrial scale
and hog market risk, and providing theoretical references and

1 Data source: Website of National Bureau of Statistics (http://www.stats.
gov.cn/).

2 Source: Brick Agricultural Database (nttp://www.agdata.cn/).

3 Ministry of Agriculture and Rural Affairs, PRC: http://www.moa.gov.cn/hd/
zbft_news/sswsqnyncfzqk/.

4 China Agricultural Big Data: http://www.agdata.cn.
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empirical evidence for the field. Furthermore, we analyze epidemic
risks and environmental regulation intensity while testing the
threshold effect of industrial scale on market risk, thereby offering
insights for optimizing industrial policy.

The remaining sections of the study are structured as follows: the
second section provides a comprehensive literature review and
theoretical analysis. The third section outlines the research
methodology, data sources, and definition of variables. The third
section is followed by discussion on the results. Finally, the concluding
section presents key findings and their implications.

2 Literature review

There are abundant researches on the factors affecting market
price risk. Existing studies focus the external risk shocks such as
livestock and poultry epidemics (Ma et al., 2023), health events (Zhu
etal,, 2020), and policy risk (Wang Y. J. et al., 2022) on the fluctuation
of hog price. Relevant research also based on industry chain (Kuiper
and Lansink, 2013), agricultural product market development
(Nugroho, 2021a,b). In addition, international relations can also affect
the fluctuation of agricultural prices. For example, the economy’s
openness in the form of trade liberalization. Creates increased price
volatility and a decline in farmers’ welfare in the short term (Jankelova
et al, 2017). In the complex market environment, it is difficult for
farmers to judge market information in a timely manner, because
there are many farmers with low education levels (Dayat et al., 2020).
This also means that farmers’ decisions may not be rational, and this
is one of the important reasons for the random fluctuations of market
prices (Gouel, 2012). Therefore, policy interventions play an important
role in agricultural production and markets in developing countries.

There are few literatures on the scale and the market price of hogs.
The process of pig scale-up and price fluctuations in developed and
developing countries have been compared in some studies, which indicate
that large-scale pig farming stabilizes pig production and prices (Hu and
Wang, 2013). Shen and Qiao (2019) obtained a similar view by comparing
behavioral differences of hog farmers under price fluctuation, and
fragmentation and small-scale farming are the key factors behind the
large fluctuations in China’s hog prices (Weng, 2013). Expanding farmers’
farming scale can alleviate yield fluctuations (Yang and Wang, 2022), and
the accompanying capitalization of farming has a significant stabilizing
effect on China’s hog price fluctuations (Wang et al., 2018). However,
large-scale farms may react excessively to an African swine fever outbreak
by reducing inventories sharply in the short term, which could increase
the risk of unpredictable fluctuations in hog market prices (Wang
M. L. et al, 2022). From a risk pre-control perspective, Zhu and Zhao
(2014) explained why medium-scale hog farming contributes to
stable production.

Previous studies have explored the relationship between industry
scale and price fluctuations from multiple perspectives, however, there
are still some aspects that need further discussion. Firstly, these studies
are inadequate in defining price risk, as they usually only focus on
price fluctuations, while ignoring changes in profit levels. In fact,
relative prices are also a key risk factor in the hog market, directly
guiding farmers’ production behaviors. Secondly, these studies have
ignored the impact of industry scale on prices during shocks such as
epidemics and environmental policy preferences. In recent years, the
risk of major epidemics such as African swine fever has increased
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significantly, while environmental policies are also changing. This
situation leads to producers facing unprecedented uncertainty and
market risks (Guo, 2017). In actual production, industry scale, disease
risk, and environmental policies are inseparable factors. Therefore, the
results of previous studies on the impact of industry scale on hog price
risk may have some deviations.

3 Theoretical analysis

Market uncertainty refers to the uncertain factors in the market
environment of the industry in which the enterprise is located, such
as the degree of industry competition, the change of industry demand,
etc. (Liu and Liu, 2010). Promoting the proportion of large-scale
breeding subjects through policies may affect the level of uncertainty
in the hog market. The asset lock-in effect and supply chain stability
effect brought by scale production are conducive to reducing market
uncertainty. However, the increase of market concentration makes the
bargaining power in the hands of a few people and increases market
uncertainty. In addition, the change of supply quantity brought by the
change of supply structure also increases market uncertainty.

3.1 Increasing the proportion of industrial
scale operation and market price risk

Industrial scale reduction of market price fluctuations in hog
through multiple means. Firstly, the asset lock-in effect increases the
opportunity cost of adjusting production modes for enterprises
(Foster and Rosenzweig, 2022). Large-scale investments may result in
excessive reliance on specific technologies or production equipment,
making it more inclined toward maintaining a stable production
mode (Richter, 2013). Secondly, large-scale breeding enterprises can
reduce price fluctuations by establishing stable supply chains (Long
et al, 2019). By enhancing the flexibility of the supply chain,
enterprises can better adapt to market demand fluctuations and slow
down the transmission of price changes. Thirdly, cooperative breeding
between enterprises and farmers enhances industrial supply stability
(Wang et al, 2014). Contract farming achieves relatively stable
production by signing long-term supply agreements with farmers.
This contractual relationship helps stabilize both production and
supply while reducing the impact of market fluctuations. However,
industrial scale may negatively impact hog market prices. On one
hand, economies of scale enable large-scale farming enterprises to
compete through price competition by reducing production costs as
output increases (Holmes, 2011). This allows them to sell at lower
prices and maintain market share (Wu et al., 2014). Smaller farmers
may also be compelled to lower their prices in order to stay
competitive. On the other hand, increased market supply due to the
expansion of farming scale leads to a surplus of hogs, putting
downward pressure on prices (De Roest et al., 2018).

3.2 Threshold effect for epidemic risk and
environmental regulation risk

Risk factors may reinforce uncertainty for producers, such as
epidemic risk and the direction of environmental regulation. Pig
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epidemic and environmental regulations are crucial factors impacting
pig production, potentially altering the influence of industrial scale on
market price risk. The occurrence of pig diseases not only increases pig
mortality and culling (Li and Che, 2013), but also leads to economic
losses for pig farmers (Li and Wang, 2019). Significant disease outbreaks
can change farmers’ production decisions (Zhang and Fan, 2012),
thereby affecting both pig supply and prices. Environmental regulations
have the potential to modify production costs and investment structures,
while economic pressures and production constraints faced by farms
may disrupt the stability of pig supply and prices. On one hand, stringent
environmental regulations compel farms to adopt more rigorous
environmental management measures, requiring increased resource
allocation and capital investment; consequently, high environmental
costs may drive farmers to reduce their pig supply (Wu et al., 2015). On
the other hand, strict environmental regulations also stimulate
technological innovation within the pig industry as a means of meeting
these requirements (Li et al., 2011). Although short-term technical
innovation investments may initially weaken farmers expansion
capabilities, in the long run they have the potential to enhance farm
productivity efficiency which ultimately influences both stable levels of
pig supply as well as market prices.

Based on the above analysis, this paper proposes the following
three hypotheses:

Hypothesis I: The increase in the proportion of large-scale
breeding entities reduces the random fluctuation of prices, but
may also reduce the relative price of hogs.

Hypothesis 2: Higher intensity of environmental regulation and
disease risk weaken the impact of industry scale on hog

market price.

4 Data sources, model construction,
and PVAR model checking

4.1 Data sources and description

This paper uses 30 provinces’ in China spanning from 2003 to
2020. Data on hog prices and industrial scale are from the “China
Animal Husbandry and Veterinary Statistics Yearbook”; Data on hog
epidemics are from the “Veterinary Bulletin of the Ministry of
Agriculture;” and data on other variables are from the National Bureau
of Statistics and the “China Statistical Yearbook” Among them,
variables involving RMB-denominated variables are deflated with the
2003 consumer index. Figures 1, 2 show the industrial scale in each
province, with a remarkable increase in the industrial scale of farming
in 2020 compared to 2003. Meanwhile, the stochastic fluctuation of

5 Due to data availability, except for Tibet, Taiwan, Hong Kong and Macao,
the 30 provinces are Shanghai, Yunnan, Inner Mongolia, Beijing, Jilin, Sichuan,
Tianjin, Ningxia, Anhui, Shandong, Shanxi, Guangdong, Guangxi, Xinjiang,
Jiangsu, Jiangxi, Hebei, Henan, Zhejiang, Hainan, Hubei, Hunan, Gansu, Fujian,

Guizhou, Liaoning, Chongging, Shaanxi, Qinghai and Heilongjiang
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FIGURE 2
Scale farming by region in 2020.

hog prices (Figure 3) and the relative price of hogs (Figure 4) oscillated
upward, and the upward trend was particularly obvious after 2018.
Although the scale of Chinas hog industry has been increasing since
2003, the stochastic fluctuation of hog prices has not significantly
decreased, and the relative price of hogs has continued to decline.

4.2 Model construction
4.2.1 PVAR model construction

The panel vector autoregressive (PVAR) model was first proposed
by Holtz, following the advantages of the vector autoregressive (VAR)
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model proposed by Sims. The PVAR model examines the interaction
among endogenous variables in panel data, studying the vector
autoregression model that treats all variables as endogenous and
analyzes their relationship with lag terms. Compared to the long time-
series requirement of traditional VAR model, PVAR models are
characterized by large-cross sections and short time series. Given that
the PVAR model can capture the economic differences, it portrays the
temporal performance of the samples, thereby forming policy insights.
To verify the hypotheses proposed by the theoretical analysis, the
PVAR model of the interaction between industrial scale and market
price risk is constructed as follows.

Yi=Xo+yYu—j+ai+pPi+ei (1)
In Equation (1), ¥ is a two-dimensional column vector,
Yy = (U iR,y )T , i denotes the iy, provincial area, ¢ denotes the 7y,
year; y ; is the matrix coeflicient to be estimated, and ¥;,_ j stands the
Jm order lag term (j=1, 2,..., m); U R portrays the degree of industrial
scale, and 7}, indicates market risk, which encompasses random
fluctuations in hog prices and the relative price of hogs. In addition,
Ap is the constant term, o; denotes the regional fixed effect; f; reflect
the specific time effect in each period; and g; is the time
perturbation term.

4.2.2 Expanded model construction

The threshold effect means when a variable reaches a specific
value, it leads to a significant change in the role of another variable,
and the critical value of the parameter as the cause of this phenomenon
is called the threshold value. Considering that the intensity of hog
epidemics and environmental regulation may change the impact of
industrial scale and market price risk, this paper constructs the
following panel threshold regression model:

Yy = a + BiScaley (epi < y )+ BaScaley (epi >y )+ B3.Xi; +£ir(2)

Yy = + PiScalej, (enr <y )+ BrScale;; (enr >y )+ B3.Xjr + £i/(3)

In Equations (2, 3), ¥j, denotes the dependent variable, Scale;, is
the independent variable, epi and enr are threshold variables, y is the
threshold value, Xj; indicates a series of control variables, and the
meanings of other variables are the same as in Equation (1).

4.3 Variables selection

4.3.1 Explained variables

According to the “Six Departments Issued the Preliminary Plan for
Preventing Excessive Decline in Hog Prices,” the random fluctuation
in hog prices and the relative price of hogs were selected to measure the
market price risk. (1) The relative random fluctuation in hog prices.
First, use the exponential smoothing method to fit the long-term trend
of prices, and calculate the real risk of hog market prices, that is, the

6 Chinese government website: http://www.gov.cn
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FIGURE 4
Relative price of hogs from 2003 to 2020.

value of random fluctuation as follows: pw = p — pt, where p is the
actual price, pt is the trending price, pw denotes the price of random
fluctuation value. Although the value of random price fluctuation can
truly reflect the market risk, its comparability is poor due to the
problem of “unit of measurement.” In comparison, the absolute value
of relative random fluctuation can indicate the market price risk of
hogs. At the same time, it is not affected by time and space, so it is more
scientific to estimate hogs’ market price (Vi et al., 2012). The specific
fluctuation = PW|. (2) The relative price of
_ Phog pt
hogs. pr= P/E’ where pp,g is the market price of hogs and p feq is
the feed price for the same period. The higher the indicator means the

measurement is as follows:

larger profitability of the hog market, and vice versa, the smaller it is.
4.3.2 Explanatory variable
4.3.2.1 Industrial scale

According to the “National Hog Production Development Plan
(2016-2020),” the proportion of farms with more than 500 head of
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hogs is used to measure the industrial scale. Since the “China Animal
Husbandry and Veterinary Medicine Statistical Yearbook” only
published the number of farmers of different farming scales after 2010,
but not the output of different farming scales.” In this regard, most
studies used the ratio of the number of large-scale farmers to the total
number to express industrial scale. However, this ratio cannot
accurately reflect the degree of industrial scale, so we use the median
value of each group’s output number as the weight, weight each group
of farmers, and finally calculates the scale farming ratio:

6 6
scale = ZSi * Zi/ ZSi * Zj (4)
i=3 i=1

In Equation 4, scale indicates the scale of the industry, S;
Represents the number of Group i scale farms, Z; Represents the
group median value of the number of columns in group i.

4.3.3 Threshold variables

4.3.3.1 Environmental regulation

Because of no direct data on environmental regulation in the
official statistical database, this paper draws on the research method
of Zeng et al. (2021), using the adjustment coeflicient to improve
regional economic development to measure environmental regulation.
The formula is as follows:

GDPyx——3— (5)

area;,
3 it
3

In Equation (5), GDPy is the gross domestic product of region i in
t year, areaj; stands the area of region 7 in year ¢, and 7 means
the circumference.

4.3.3.2 Epidemic risk

The epidemic disease index can reflect the intensity of disease
outbreaks and mainly involves eight common types of pig diseases,
including foot-and-mouth disease, African swine fever, swine
vesicular disease, swine fever, porcine reproductive and respiratory
syndrome, porcine cysticercosis, porcine pneumonic disease, and
porcine dengue. According to Wang et al. (2019), the formula is
as follows:

DEATH,, + CULL;, ©
SLAUGHTER;

In Equation (6), DEATH}, is the number of pigs killed by the

epidemic in region 7 in ¢ year, CULLj, stands the number of pigs culled

7 The Chinese Animal Husbandry and Veterinary Yearbook divides pig large-
scale breeding into six groups, which are 50~99 head (S1), 100~499 head (S2),
500~2,999 head (S3), 3,000~9,999 head (S4), 10,000~49,999 head (S5) and
more than 50,000 head (S6).
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due to the epidemic of region i in year ¢, and SLAUGHTERj; is the
total number of pigs slaughtered in the area that year.

4.3.4 Control variables

Drawing on previous studies, piglet price, total regional
population, per capita disposable income ratio (urban/rural),
transportation accessibility and urbanization rate were chosen as
control variables in this study. The control variables are displayed in
Table 1 because they are easy to calculate. Table | shows the descriptive
statistics for each variable.

4.4 PVAR model test

4.4.1 The unit root test

When the panel data are not stable, it will lead to pseudo-
regression and undermine the impulse response. So, this paper used
Fisher — ADF and Fisher — PP, to conduct smoothness tests, and the
results are shown in Table 2. The variables ration pigs Sfluctuation, and
scale test results indicate that the original hypothesis cannot
be rejected at 1% significantly, so they are considered a non-stationary
series. The above three variables are subjected to first-order
differencing and tested for stability, and it can be noted that all of them
significantly passed the unit root tests, which satisfies the conditions
for establishing the PVAR model with first-order differencing.

4.4.2 Optimal lag order test

We used the method provided by Abrigo and Love (2016) to
determine the optimal lag order of the model, and the results are given
in Table 3. For Model 1, the BIC criterion suggests choosing a lagged

TABLE 1 Synopsis of the variable description.

10.3389/fsufs.2024.1291743

first-order PVAR model, but A/C and QIC prefer lagged third-order.
For Model 2, the BIC criterion suggests a lagged first-order PVAR
model, but AIC and QIC favor lagged fifth-order. Considering the
limited sample, a higher lag order may lead to low degrees of freedom
and model overfitting. Therefore, this study combines the three
criteria and selects the second-order PVAR model for analysis.

4.4.3 Cointegration test

The Westerlund and Pedroni methods are used to test the
cointegration relationship. Table 4 presents the test results, indicating
along-term cointegration relationship between market risk indicators
and industrial scale, which can be analyzed using a PVAR model.
Therefore, we can establish a PVAR model for impulse
response analysis.

5 Results and discussion

5.1 Estimation of the PVAR model

It can be observed from Table 5 that increasing the proportion of
large-scale farms in the pig industry reduces price fluctuations and
also lowers hog prices. On one hand, scaling up the industry acts as a
price stabilizer, supporting Yang et al’s research findings. This could
be attributed to increased fixed asset investment resulting in higher
adjustment costs for large-scale farms, making them less likely to
change breeding decisions (Yang and Wang, 2022). The improved
supply stability reduces price fluctuations caused by supply changes.
On the other hand, industrial scale also decreases the relative price of
hogs compared to major feed prices. A higher ratio indicates better

Variables Definitions Mean Std. Dev
PVAR variables

Ascale First-order difference in degree of scale 0.031 0.043
Arationpjg First-order differences in relative hog prices 0.385 1.383
Mluctuation First-order difference of relative random fluctuations 0.027 0.273
Core variables

scale Industrial scale (%) 0.325 0.255
ration pig Relative price of hogs (hog price/feed price) 5.271 1.648
Sluctuation Relative random fluctuations 0.247 0.207
gdp Gross regional product (billion yuan) 161.2 160.9
piglet piglet price 0.262 0.183
population Total population at the end of the year (tens of millions) 4.450 2.675
highway Transportation accessibility (total kilometers of highway) 0.304 0.205
income Per capita disposable income ratio (urban/rural) 2.774 0.482
city Urbanization rate (urban population/rural population) 1.567 1.647
Threshold variables

enr Environmental regulation 1.348 1.726
epi Epidemic risk 1.964 11.95
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TABLE 2 Smoothness test of variables.

TABLE 4 Cointegration test.

10.3389/fsufs.2024.1291743

Method Value p

Westerlund —6.8456 0.000
Pedroni-panel —39.1468 0.000
Pedroni-Group —32.3663 0.000

*means the optimal lag order under the criterion.

Variables ADE~ fisher | PP= fisher Smoothness
X
ration pig 91.721 103.595%
Suctuation 155,673+ 462.153%+* v
scale 45.632 36.716 X
ion 353.192##% 450,295 v
Aration pig
Mluctuation 454.724%%% 1130.620%#* v
Ascale 88.813%+ 225.595% v
#p < 0.01.

TABLE 3 Optimal lag order selection for the model.

Lag order BIC AlC oIC

Model 1: Aration pig ~ Ascale

1 —72.065% 12.449 —21.565
2 —61.159 9.269 —19.076
3 —56.891 —0.548% —23.224%
4 —34.599 7.657 —9.349
5 —22.436 5.735 —5.602

Model 2: Afluctuation — Ascale

1 —18.827% 65.687 31.672
2 —10.148 60.280 31.935
3 9.175 65.518 42.842
4 8.874 51.132 34.124
5 0.0059 28.177* 16.839%

*means the optimal lag order under the criterion.

profitability for hog breeding while a lower ratio may harm farmers’
welfare and increase their vulnerability. To improve this ratio, relevant
policies have been introduced by the Chinese government such as “the
Work Plan to Improve Government Pork Reserve Adjustment
Mechanism and Guarantee Supply and Price of Pork Market”® The
decline in relative hog prices may result from changes in main
suppliers’ characteristics where scale operations reduce overall average
costs and enhance industry supply efficiency (Asche et al., 2018).
Improved supply efficiency allows Chinas pig industry to achieve
higher production levels based on existing capacity while recent years
have seen a decrease in China’s pork consumption elasticity (Zhang
etal,, 2018), leading to oversupply issues causing stable low prices.
This also confirms our Hypothesis 1, which suggests that
increasing industrial scale breeding may stabilize price fluctuations
but could negatively impact overall price levels. Small farmers, who
are often limited by education and business capacity (Gneiting and
Sonenshine, 2018), may find it challenging to navigate the market.

8 Chinese government:
content_5621495.htm

https://www.gov.cn/xinwen/2021-06/29/
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While reduced price fluctuations might alleviate the need for constant
production adjustments, a decline in prices could discourage their
enthusiasm for agricultural production (Vongvisouk and Dwyer,
2016). However, China has over 200 million small farmers. For
instance, in hog breeding alone, there will still be approximately
19.923 million farmers with less than 500 heads of livestock by 2023.°
As a higher-paying sector within agriculture, the breeding industry
attracts many farmers involved in animal husbandry. A decrease in
profit margins may further drive these farmers away from agriculture
and toward non-agricultural sectors, leading to an imbalance between
professional labor and industries that hinders agricultural development.

5.2 Impulse response function analysis

The orthogonal cumulative impulse response function for the
panel data analysis of industrial scale and relative price (Model 1)
and industrial scale and price random fluctuation (Model 2) is
shown in Figures 5, 6. In upper right corner of Figure 5, A yion pig
always shows a negative change with A, indicating that
expanding the industrial scale reduces the ratio of hog price to feed
price, leading to a decline in profit level. Similarly, in upper right
corner of Figure 6, a change in Afluctuation due to a change in the
standard deviation of Ay, can be observed. After being impacted
by the standard deviation, it can be seen that the maximum negative
value of Agycuaion Starts decaying, suggesting that an increase in scale
reduces price random fluctuation and promotes stable operation of
hog market prices. Therefore, these findings from the impulse
response diagram align with those presented in Table 4, confirming
that China’s hog industry scale can mitigate random fluctuations in
hog prices and relative prices.

5.3 Robustness test

The hog supply in China is influenced by various factors such as
economic development, resource availability, environmental capacity,
and market demand. To manage this, the Chinese government has
divided the country into hog output areas, main marketing areas, and
production and marketing balance areas."” In the “14th Five-Year Plan
National Animal Husbandry and Veterinary Industry Development
Plan” by the Ministry of Agriculture and Rural Affairs, it is emphasized
that large enterprises should focus on breeding in main marketing

9 Data source: China Animal Husbandry and Veterinary Statistics Yearbook.
10 According to the "14th Five-Year Plan” National Animal Husbandry and

Veterinary Industry Development Plan, http://www.moa.gov.cn.
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areas to ensure self-sufficiency. In main production areas, efforts
should be made to expand production capacity and upgrade the
industry toward large-scale standardization. The balance of

TABLE 5 Estimated results of PVAR.

Model Model
1: Arationpig — Ascale 2: Miluctuation — Ascale
variant Arationig Ascale AMluctuation Ascale
L‘Arationpig —0.265%%* 0.00234
(0.0722) (0.00220)
L2.Arationp,'g —0.864%%* 0.00287
(0.0902) (0.00242)
LAscale —20.10%% —0.145 2,918 —0.163*
(3.235) (0.0955) (0.541) (0.0964)
L2.Ascale —16.24%% —0.0528 — 1,904 —0.0821
(3.070) (0.0764) (0.519) (0.0776)
L.Afluctuation —(.684%#% —0.00438
(0.0516) (0.00925)
L2 .Mfluctuation —(.4323%%% 0.00722
(0.0594) (0.00843)
N 400 400 400 400

Robust standard errors in parentheses. *p <0.1, ¥¥p <0.05, ***p <0.01. The same as the
tables below.

10.3389/fsufs.2024.1291743

production and marketing areas should aim at increasing production
potential while promoting operational scale for basic self-sufficiency.

It can be inferred that economically developed regions (e.g.,
Guangdong, Zhejiang, and Beijing) are the main marketing areas for
hogs. The relationship between industry scale and market price in
these areas may be influenced by hog supply from other regions. To
ensure robustness, the study excluded samples from the main
marketing area first and then further eliminated samples from the
main production area. As shown in Table 6, the coefficients of
industrial scale on relative price and random fluctuations in the hog
market remain significantly negative, confirming the consistency of
previous findings.

5.4 Heterogeneity analysis

In order to investigate the impact of different operation scales on
hog production fluctuation and relative price, this study categorizes
operations into small-scale (annual litter size of 500-2,999 head),
medium-scale (annual litter size of 3,000-9,999 head), and large-scale
(annual litter size of 10,000 head or more). The results for each scale
are presented in Tables 7-9, respectively. Firstly, significant differences
exist in how different operation scales affect the relative price of the
hog market. Medium-scale and large-scale operations have a more
pronounced inhibitory effect on market prices compared to small-
scale operations. This is due to their higher capital intensity and larger
market share, which gives them a stronger influence over the hog
market. Secondly, the impact of industrial scale on hog price
fluctuations varies across scales. Medium-scale farms have the greatest
stabilizing effect on prices, followed by small-scale farms. However,

Impulse response function (Model 1).
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TABLE 6 Robustness test for replacing study area.

Model 1:

Aration pjg — Ascale

Model 2:

Mluctuation — Ascale

Variables Ascale Mluctuation  Ascale

Aration pig

Delete the samples of main marketing areas

L.Dfluctuation —0.691%%% —0.00471
L2.Dfluctuation —0.425%%% 0.00594
L.Dscale —17.73%%* —0.153 —2.994%** —0.136
L2.Dscale —1.746%*% —0.0871
L.Drationpijg —0.0614 0.00263

Observations 325 325 302 302
Delete the samples of main production and marketing areas

L.Drationpl'g —0.122 0.000816

L.Dscale —26.76%%* —0.295* —3.302%%* —0.307*
L.Dfluctuation —0.463%% —0.00486
N 175 175 175 175

large-scale farms do not significantly contribute to price stabilization.
The present finding is in line with previous relevant studies (Wang
et al, 2018) and aligns with the observed “U-shaped” curve of
technical efficiency in hog production (Yang and Wang, 2022). In
brief, insufficient scale operations fail to harness economies of scale
due to higher transaction costs, while excessive scale operations
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struggle to achieve optimal efficiencies owing to the elevated
opportunity cost associated with altering production methods. These
factors directly impact the stability of subsequent hog inventory
and prices.

5.5 The threshold of epidemics and
environmental

Hog epidemics and environmental regulations, as external factors
affecting hog production, may impact the effect of industry scale on
hog price fluctuations. The threshold effect analysis in this paper uses
a single-threshold model. As shown in Table 10, in the model of
industry scale and the relative price of the hog market, the epidemics
and environmental regulation thresholds are 0.193 and 0.039,
significantly at the 1% level. In the model of industry scaling and
random price fluctuations in the hog market, the epidemic and
environmental regulation thresholds are 1.387 and 2.056, respectively,
and pass the significance test.

Based on the aforementioned thresholds, this paper incorporates
the pig epidemic index and environmental regulation intensity into
the single-threshold regression model. The results are presented in
Table 11. Regarding the impact of industry scale on the relative price
of the hog market (the first column of Table 10), it is observed that this
impact remains consistent at the threshold boundaries. Specifically,
when the epidemic index is less than 0.193, there is a significant
coefficient (—1.713) indicating a negative effect of industry scale on
relative price; whereas when the epidemic index exceeds 0.193, there
is still a significant coeficient (—1.383) suggesting a negative influence
of industry scale on relative price. The third column of Table 10
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TABLE 7 Estimates of PVAR for the 500-2,999 head.

10.3389/fsufs.2024.1291743

TABLE 9 Estimates of PVAR for above 10,000 head.

Model 1: Model 2: Model 1: Model 2:
Aration pig — Ascalel Afluctuation — Ascalel Aration pjg — Ascale3 Mluctuation — Ascale3
Variables - B seills Variables el - seills
Aration pig Ascalel Miluctuation Ascalel Aration pig Ascale3 Afluctuation Ascale3
L.Dration pig —0.254%%% —0.005%* L.Drationpig —0.320* 0.001
L2.Dration pig —0.870%*%* 0.005% L2.Dration pig —0.701%*%* —0.002
L.Dscalel —11.880%#* 0.191% —2.084%#% 0.208* L.Dscale3 —115.200%%* 1.501% —44.540 4.795
L2.Dscalel —10.110%** 0.405%** —1.201%* 0.390%** L2.Dscale3 —82.800%** 1.329%* —36.180 4.173
L.Dfluctuation —0.672%*% —0.017%* L3.Dscale3 —20.600 2.241
L2.Dfluctuation —0.436%5F 0.002 L.Dfluctuation —1.097#%%* 0.026
N 400 400 400 400 L2.Dfluctuation —0.649%* —0.004
L3.Dfluctuation —-0.312 —-0.010
TABLE 8 Estimates of PVAR for the 3,000-9,999 head. N 400 400 370 370

Model 1: Model 2:

Arationpjg — Ascale2 Mluctuation — Ascale2
Variables Aration pig Ascale2 Afluctuation Ascale2
L.Drationpijg —0.951%%% —0.011
L2.Dration pig —1.028*** —0.004
L3 .Drationp,'g —0.966%* —0.026%*
L.Dscale2 —183.400%* —6.631%% —8.550%%* —2.933%**
L2.Dscale2 —178.800%* —5.978%% —7.745%%% —2.194%%*
L3.Dscale2 —141.0007%* —4.696**
L.Dfluctuation —0.687##* 0.008
L2.Dfluctuation —0.402°%%% 0.008
N 370 370 400 400

illustrates the threshold effect of environmental regulation intensity
on the relative price of industry size. When the regulation intensity is
below 0.039, the coefficient for industrialization on hog prices is
significant at 69.35; however, beyond this threshold, the coefficient
becomes —1.174 and remains statistically significant at a 1% level.

In terms of industry size and the random fluctuations in hog
prices, as indicated in the second column of Table 10, the coefficient
for industry size on relative price is —0.354 when the disease index is
below 1.387. However, once this threshold is surpassed, the coefficient
for industry size on stochastic price volatility diminishes and loses its
significance. Moving to Column 4, we observe a threshold effect
related to environmental regulation where the coefficient for industry
scale on random price volatility exhibits negative significance at a level
of 1 percent when the intensity of environmental regulation remains
below 2.056. Nevertheless, once this threshold is exceeded, there is no
longer any significant relationship between industry size and
price volatility.

On one hand, environmental regulation strongly influences the
impact of industry size on market prices, supporting Sneeringer and
Key’s (2011) research on heterogeneous regulatory policies regarding
pig farming size. In fact, China’s pig farming sector exhibits evident
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TABLE 10 Threshold tests for hog epidemics and environmental
regulation.

Threshold Threshold Fvalue p value

type value
) singl 0.193 83.110 0.000
ration pig, scale (epi) single
threshold
inal 0.039 94.700 0.000
ration pjo ,scale (enr) single
pig
threshold
Jiuctuationscale (epi) single 1.387 17.770 0.000
threshold
Sluctuation, scale (enr) single 2056 17.140 0.000
threshold

scale characteristics in its environmental policies, such as the
implementation of the Environmental Protection Tax Law on January
1, 2018. This law explicitly imposes an environmental protection tax
on farms with more than 500 pigs in stock, indicating that large-scale
farms may be more affected by these regulations. Additionally, it
implies that epidemic intensity does not significantly affect industry
size due to large-scale farms’ ability to mitigate outbreaks through
their financial and technological advantages.

On the other hand, the findings from the threshold regression
analysis suggest that hog epidemics and environmental regulations
play significant roles in influencing the impact of industry size on
market prices. As the severity of epidemics and environmental
regulations increases, the ability of industry scale to mitigate random
price volatility diminishes or even disappears. Producers not only face
price reductions but also bear the burden of price volatility caused by
uncertainties such as epidemics and environmental regulations.

6 Conclusion and implications

This paper analyzes the relationship between industrial scale
and hog market price risk, using provincial panel data from 2003
to 2020 in China. We find that there is an interactive relationship
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TABLE 11 Analysis of threshold effects of hog epidemics and environmental regulation.

(eri) single threshold

10.3389/fsufs.2024.1291743

(enr) single threshold

Variables rati onpig Sluctuation "‘7fi(”’1)ig fluctuation
piglet
9.213%%%* (0.416) 1.379%%%* (0.123) 9.237#%% (0.411) 1.319%%% (0.124)
gdp
0.003*** (0.001) 0.000 (0.000)
population
~0.329 (0.203) —0.016 (0.060) —0.181 (0.166) —0.038 (0.054)
highway
—1.213%%% (0.395) —0.166 (0.117) —0.760** (0.386) —0.076 (0.121)
income
0.627%** (0.210) 0.231°%%% (0.062) 0.508%** (0.211) 0.226%*%* (0.063)
city
—0.298%* (0.119) —0.052 (0.035) —0.176 (0.117) —0.052 (0.038)
0< i < single thresholds
enr
—1.713%%% (0.366) —0.354%%% (0.109) 69.355%%% (13.040) —0.2897#%* (0.108)
i > single threshold
enr
—1.383%%% (0.390) —0.091 (0.118) —1.174%%% (0.342) —0.128 (0.109)
Constant
3.482%** (1.024) —0.457 (0.305) 1.447 (0.883) —0.350 (0.283)
N 491 491 491 491
R-squared 0.595 0.239 0.745 0.638

between the two. First, the industrial scale can reduce the random
fluctuation of hog market price, and also the relative hog market
price. Second, the effect of scaling on hog market risk has obvious
scale heterogeneity. Medium-scale industry can significantly
reduce random price fluctuations, and medium-scale and large-
scale industrial scale have a larger impact on the relative price.
Finally, epidemic risk and environmental regulation also affect the
stable operation of the hog industry, but only environmental
regulation significantly affects the price stabilization effect of
scale. This study contributes in the following aspects: First, it
expands the indicators of market price risk, in addition to focusing
on random fluctuations, and supplements the research on market
profit risk faced by producers. Second, based on the theory of
uncertainty, it analyzes the relationship between the increase of
the proportion of large-scale farming in the industry and market
price risk. Third, it incorporates epidemic risk and environmental
regulation risk into the analytical framework, supplementing the
literature on policy intervention and uncertainty consequences.
Regarding the above research conclusions, the following policy
implications are obtained.

One is to reduce the impact of external shocks on the pig
industry in favor of sudden disease outbreaks and policy
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uncertainty. While strengthening veterinary supervision, the
Government must increase its investment in disease prevention and
control. This can be done, for example, through the provision of a
comprehensive veterinary technical training program, and
improved availability of veterinary drugs and vaccines to ensure
optimal biosecurity standards throughout the farm. Secondly, the
active participation of farms in disease prevention and control can
be promoted by subsiding the cost of vaccination. The rational
formulation of environmental regulation policies is an important
factor in the sustainable development of the pig farming industry.
The government should formulate policies flexibly according to the
pressure of environmental regulation and the impact of industrial
development. The government must formulate policies carefully to
avoid excessive negative impacts on the scale of the industry. In this
regard, it can extend the transition period and provide financial and
technical support for the transition to help farms adapt to
environmental regulatory requirements.

Secondly, promoting appropriate scale is key to the sustainable
development of the pig industry. From the governmental level,
differentiated policy support measures, such as the establishment of
entry thresholds and financial subsidies for specific scale operations,
should be established to support small-scale and medium-scale farms,
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and to realize large-scale operations gradually. At the same time, to
promote fair competition and effective utilization of resources, the
government can strengthen the supervision of farms operating on too
large a scale. At the market level, optimize the diversified operation of
the market and encourage the development of diversified farming
business entities, such as small farmers, farmers’ professional
cooperatives and large-scale farming enterprises. In addition,
information transparency should be strengthened, and a sound
information dissemination mechanism for the hog market should
be established, such as providing information on farming costs and
market prices, to reduce market distortions caused by
information asymmetry.

Third, establishing market regulatory mechanisms can ensure
healthy operation in the hog market. Firstly, the government can set
up a perfect market supervision organization, improve the frequency
and accuracy of monitoring market supply and demand, release price
information timely, formulate anti-monopoly and anti-unfair
competition regulations, and strengthen market supervision and law
enforcement. Secondly, the government should improve the
information-sharing mechanism and promote information
cooperation in the hog industry. Specific practices include establishing
an industry information platform and regularly releasing market
reports, market data, and policy interpretations to provide farmers
and breeding enterprises with accurate market information. In
addition, the government can organize industry conferences,
exhibitions, and training to provide technical guidance and consulting

services, finally boosting the hog industry’s development.

7 Research limitations and future
direction

Due to the limitation of industrial scale data, this study did not
conduct empirical tests at the city, county and village levels and
more detailed time dimensions. The next research direction of this
study is to empirically analyze the relationship between industrial
policies and market price risks in developing and developed
countries from a historical perspective based on the production
scale and price data of various countries. In addition, prediction
models can be established through simulation methods such as
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