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Abstract: China’s large-scale hog farmers are playing an increasingly important role in promoting
the stable development of the hog industry. Taking large-scale hog enterprises as samples, based on
hog sales data from January 2019 to July 2022, this paper adopts a two-way fixed-effects model to test
the impact, mechanism, and heterogeneity of hog futures on the production stability of large-scale
hog farmers. The study found that hog futures help promote stable production of large-scale farmers.
This finding still holds after a series of robustness tests. The mechanism analysis found that, first, hog
futures help large-scale farmers expand their risk management factor inputs. Second, hog futures
help reduce the impact of hog price risk on production. Finally, hog futures help stabilize farmers’
production expectations. The moderating effects analysis found that the stabilizing effect of hog
futures will enhance as farmers’ share of hog farming operations increases. Heterogeneity analysis
found that when hog prices fluctuate negatively, hog futures help promote the stable production of
large-scale farmers. When hog prices fluctuate positively, the production stabilization effect of hog
futures is not obvious. Therefore, hog enterprises should be encouraged to participate in hog futures
hedging transactions to promote stable hog production.

Keywords: hog futures; stable production; expand production; risk hedging; stable expectations

1. Introduction

Pork is the second-most-consumed meat globally, following poultry [1-3]. According
to the Food and Agriculture Organization of the United Nations (FAO), the total world
pork production reached 109.85 million tons in 2022. China is the world’s largest producer
and consumer of pork [4]. In 2022, China’s pork production reached 55.41 million tons,
accounting for 50.44% of the world’s pork production. In China, pork is the staple animal
protein for Chinese households [5], and pork prices are a critical component of China’s
Consumer Price Index [4]. Sustainable development of the hog industry is critical for
China’s economic growth.

However, China’s hog industry has a long-term problem of cyclical fluctuations in
the hog market [6]. Since the beginning of the new century, China’s hog industry has
experienced five major cyclical price fluctuations, especially after China acceded to the
WTO in 2006. The fluctuation of pork prices intensified [7], and the hog cycle damaged
the welfare of both supply and demand, leading to the imbalance of national economic
development and the asymmetry of output-input [8].

From a theoretical perspective, the relationship between hog production and price
conforms to the spider web model [9], where hog price and hog production interact with
each other. Ensuring stable hog production is one of the important ways to promote stable
hog prices. In terms of practicality, since pork consumption is relatively stable and less
responsive to short-term price changes, the market price of hogs and pork mainly depends
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on the supply side [4]. Stabilizing the supply of hogs is crucial for maintaining stable market
prices. The Central Document No. 1 of the last few years has also repeatedly emphasized
the need to promote stable hog production. Therefore, answering the question of how to
promote production stabilization among farmers is of theoretical and practical significance.

Scholars have discussed ways to stabilize hog production from several angles. First,
stabilizing hog production using large-scale farming. The research found that hog industry
chain operators are generally more aware of the “hog cycle”, while retail farmers may
have difficulty accessing timely market information, leading to production volatility [10].
Limited market information has also been found to result in biased market expectations
among small-scale breeders, which can trigger market supply fluctuations [11]. Therefore,
in recent years, China’s industrial policies have focused on guiding large-scale hog farming.
However, large-scale farming only improves the risk tolerance of farmers and does not
fundamentally diversify the risk of hog prices. Second, hog production is stabilized through
contract farming. Contracts shift the producer’s hog profitability risk to the contractor [12],
reducing the negative impact of price fluctuations on production. For example, in Brazil,
a cooperative relationship is formed through production contracts to transfer hog price
risk to slaughtering enterprises [13]. In China, the main form of farming contract is the
“company + farmer” model [14]. Large-scale hog farming companies sign farming contracts
with small-scale farmers, and when the contract expires, the small-scale farmers sell their
hogs to the cooperative farming company according to the agreed price. Thus, the impact of
hog price risk on hog farming is reduced through cooperative farming. However, contract
farming is exposed to the risk of default [15]. The incompleteness of the contract exposes
both parties to the transaction risk of ex-post costs. For instance, when the price is fixed in
the contract, the market price will increase the producer’s risk from selling the product in
the market (outside the contract), and vice versa [16]. Higher market prices may lead to
contractual breaches [17], which usually arise when unexpected external environmental
changes occur [18]. Finally, as futures can play the role of hedging price risk [19], developed
countries, such as the United States, provide farmers with hog price risk management tools
by offering hog futures contracts.

The impacts of large-scale hog farming are manifold. Firstly, large-scale farming
has a positive side. Due to advantages such as information and management [20], large-
scale farming can alleviate hog production fluctuations [21,22] and promote hog price
stability [23]. Large-scale farms are more likely to adopt capital-intensive and knowledge-
intensive sustainable manure management technologies [24]. Secondly, there are also
negative impacts from large-scale hog farming. Large-scale hog farming raises concerns
about environmental pollution [25] and can negatively affect environmental efficiency [26].
In addition, large-scale hog enterprises are more vulnerable to hog epidemics [27]. Despite
the limitations of large-scale hog farming, we need to recognize its positive effects and take
advantage of the favorable aspects of large-scale farming. For example, we should focus on
the role of large-scale farming in promoting the stability of hog production.

From the existing research, it is not yet known that futures can play a role in stabilizing
production for hog enterprises. Since hog price and hog production are consistent with
the cobweb model [7,9], and they affect each other, we can discuss the role of the future
in stabilizing hog production from the perspective of the impact of futures prices on the
spot price. Combining the existing research, we found that scholars hold three views on
whether futures can reduce spot price volatility. First, scholars believe that futures help
stabilize spot price volatility. Research has found that the futures market has the function of
price discovery [28]. Futures trading helps in the better allocation of commodities, thereby
reducing the magnitude and frequency of price fluctuations [29,30]. Research has found
that futures markets reduce the long-run variance of spot prices and improve the stability
of the spot market based on rational expectations models [31]. The research found that the
futures market stabilizes spot price volatility in the short and long run when consumption
perturbations dominate [32]. Second, some scholars hold the opposing view that futures
cannot stabilize spot price volatility and even exacerbate spot price volatility. Scholars
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believe that future market speculation can destabilize the spot market [29]. Due to the
low cost and fast speed of futures trading, changes in future prices will be transmitted
from the future market to the spot market in a short period of time [30], exacerbating
spot price volatility [33]. Finally, it has also been argued that futures may both exacerbate
and mitigate spot price volatility. Scholars believe that in the short term, speculation
in the futures market may lead to distortions of spot price pairs, but in the long term,
future speculation does not distort spot market prices [34]. Research has found that the
impact of futures on spot prices depends on the degree of self-sufficiency, and when the
self-sufficiency rate is low, the spot market is more susceptible to the impact of future
speculative trading, which exacerbates the price volatility of the spot market [35]. Based on
the relationship between hog production and price, the lack of clarity in the relationship
between futures and spot prices leads to the difficulty of knowing whether the hog future
can stabilize hog production.

In this article, we explore the role of the hog future in promoting stable production
for large-scale farmers. Compared with existing studies, the marginal contributions of this
paper are reflected in the following aspects: (1) In terms of research, stable hog production
through organizational modes such as contracting and large-scale farming essentially
belongs to risk sharing and risk bearing. This paper expands the risk management approach
from the perspective of hedging risk. (2) In terms of the research object, promoting stable
hog production through contract farming or large-scale farming is essentially providing
risk protection for small-scale farmers. Large-scale farmers still face the problem of a lack of
hog price risk management tools. This paper expands the risk protection object to the group
of large-scale hog farming entities. (3) In terms of research content, this paper establishes
the theoretical framework of hog future to promote stable hog production and tests the role
of hog future in stabilizing production and its mechanisms.

2. Materials and Methods
2.1. Introduction of Hog Futures

In January 2021, the Dalian Commodity Exchange (http:/ /www.dce.com.cn/dalianshangpin/
sspz/sz/hyygz30/6264142 /index . html (accessed on 14 February 2024)) commenced trading
hog futures, which are denominated in RMB and traded in lots of 16 tons with the code
LH. The minimum trading margin required for hog futures is 5% of the value of the futures
contract. The trading months for hog futures are January, March, May, July, September, and
November. To manage systemic risk, the Dalian Commodity Exchange has established a
stop limit for hog futures at 4% of the settlement price of the previous trading day. Trading
for hog futures is conducted during regular business hours from Monday to Friday, with
two sessions per day from 9:00-11:30 in the morning and 13:30-15:00. Physical delivery
is required for hog futures, and the Dalian Commodity Exchange has designated spot
delivery warehouses for this purpose. Upon expiration of the hog futures contract, the
counterparty is obligated to make physical delivery following the hog delivery quality
standards (F/DCE LH001-2021) set forth by the Dalian Commodity Exchange.

2.2. Theoretical Framework

The cobweb model is a theoretical tool for analyzing the production behavior of
farmers. It is theorized that farmers’ overreaction to changes in hog prices is responsible
for cyclical fluctuations in hog prices due to the low price elasticity of pork demand and
the relatively high price elasticity of hog supply [7,9]. In the theoretical context of the
cobweb model, farmers’ breeding behavior is influenced by hog price fluctuations and
farmers’ expectations about hog price. Further, farmers’ expectations about hog prices also
depend on their information acquisition capacity [11]. Therefore, we can analyze the role
of hog futures on the stability of hog production from three aspects: hog price volatility,
hog price expectation, and the ability to obtain information about hog prices. Firstly, hog
enterprises engaged in hedging transactions can hedge the risk of hog prices and stabilize
hog production. Secondly, for enterprises not participating in futures trading, since the
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futures price is an unbiased estimation of the spot price [28], hog enterprises can predict the
upcoming spot price of hogs based on the hog futures price [36] to guide hog production
and reduce production fluctuations. Farmers’ rational production behavior will in turn
reduce the level of hog price volatility, thus stabilizing hog production expectations [34].
Finally, based on the function of hedging price risk and stabilizing price expectations of hog
futures, hog enterprises can expand the scale of hog farming, which in turn forces farmers
to expand information inputs, improve management levels, and stabilize hog production.
Based on this, this paper proposes research Hypothesis 1:

H1: Hog futures promote the stable production of hog enterprises.

Hog futures help farmers expand their production and play an implicit role in stable
hog production. It is argued that because small-scale farmers have information disad-
vantages, they always form price expectations based on social networks [36], and their
farming behavior is characterized by frequent exits and re-entries [11]. On the contrary,
large-scale farmers have advantages such as information and management [20], and their
profitability [37] and risk management are sustainable. Therefore, large-scale farming
contributes to stable hog production [20,38]. After the listing of hog futures, farmers can
utilize hog futures to hedge their risks and promote the expansion of production scale.
The expansion of the production scale will force farmers to expand the factor input of risk
management, which further contributes to the stability of hog production. Based on this,
this paper proposes research Hypothesis 2:

H2: Hog futures promote hog enterprises to expand the scale of production, forcing enterprises to
expand the elemental input of risk management, and play an implicit role in stabilizing hog production.

For hog enterprises involved in futures hedging, hog futures play a role in hedging
price risk. Hog futures help farmers hedge against hog price risks and reduce the impact of
hog price fluctuations on hog production volatility. Since hog breeding entities are affected
by market prices [4,7], based on the risk-hedging function of hog future [39], hog enterprises
utilize hog future to hedge the risk [40] and stabilize their production. As the hog fattening
market is nearly perfectly competitive [7], hog enterprises are passive recipients of the
market price. Due to frequent fluctuations in hog prices, enterprises face high market risks.
In situations where hog prices are fluctuating, enterprises may decide to replenish their
pens if they predict that hog prices will continue to rise. If the actual price of hogs at the
time of slaughter is greater than the forecasted price, enterprises will profit; otherwise, they
will face losses. Based on this, we propose research Hypothesis 3.

H3: Hog futures reduce the impact of hog price volatility on hog production volatility.

For hog enterprises not involved in future hedging, hog futures play a role in stabi-
lizing production expectations. Hog futures reduce the level of hog price volatility and
stabilize production expectations. Futures can hedge price risk [39], and developed coun-
tries take futures hedging to avoid price risk [41]. Participants in the hog future market
form rational hog prices through bidding. For example, hog and pork demand enterprises
can more accurately forecast future market demand based on their historical experience [42]
and are the primary drivers of pricing. There are other participants in the futures market,
such as professional investors [40], and speculators [43]. The price of the hog future is a ra-
tional outcome of a multi-party game [40]. With the combined forces of the participants, the
hog future can reasonably reflect the level of hog supply and demand in the coming period.
Farmers can make farming decisions based on rational hog futures prices, which can make
hog supply adapt to hog demand as much as possible. Rational farming decisions will
reduce the fluctuation level of hog prices, stabilize the expectation of hog production [44],
and further promote the stability of hog production. Based on this, we propose research
Hypothesis 4.
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H4: Hog futures reduce the level of hog price volatility and stable production expectations.

2.3. Variables and Data Sources

The representativeness of the sample is an issue that needs to be carefully considered
in empirical research. This paper analyzes the stabilizing effect of hog futures based on
listed hog companies for two main reasons. First, according to the data released by the
Ministry of Agriculture and Rural Affairs, the level of large-scale hog farming in China
reached 53% in 2020, which indicates that large-scale farmers have become the main force of
hog supply, so it is necessary to explore the role of hog futures in stabilizing the production
of large-scale farmers. Second, there is a high capital and knowledge threshold in the hog
future, and it is difficult for small-scale farmers to participate in hog future trading directly.
Hog future is exactly the hedging tool for large-scale farmers. As the head enterprise
of the hog industry, listed companies have certain human and capital strengths and can
participate in hog future trading. Therefore, this paper selects listed hog companies as
empirical samples.

This study utilizes monthly hog sales data from January 2019 to July 2022, which is
publicly released by listed hog companies, to examine the impact of hog future listing
on production fluctuations. The hog sales data is sourced from the Juchaolnformation
Website (http://www.cninfo.com.cn/ (accessed on 14 February 2024)), while data for
control variables are obtained from the National Bureau of Statistics (http://www.stats.gov.
cn/ (accessed on 14 February 2024)) and the BRIC database (http://www.chinabric.com/
(accessed on 14 February 2024)). Based on the proposed hypotheses, this study sets the
variables from the following aspects.

Dependent variable. Production fluctuations. Hog production fluctuations can be
expressed in various ways, both changes in hog stock and changes in slaughter can measure
hog production fluctuations [45]. In this paper, we use the HP filter method [46] to calculate
hog slaughter fluctuations and take the absolute value of the obtained fluctuation term to
measure hog production fluctuations. This is undertaken as follows.

The first is to obtain fluctuation data through the HP filter method. The HP filter
method assumes that the time series consists of a trend term and a fluctuating term, and
the output is as follows:

yr=8+c t=1,...,T 1)

In Equation (1), y; is the output in period ¢, g and c; are the trend and volatility terms
in period t, respectively. T is the end time.

According to Hodrick and Prescott, the condition for separating the trend term and
fluctuation term is to minimize the following functions:

T T
min = Z C% + /\Z[(gt+l —gt) — (8t — gH)]z @
t=1 t=1

The second is about the determination of the smoothing parameter A. According to
Ravn and Uhlig [47], A = 1600p*, where p is the number of periods per quarter. Since this
paper uses monthly data, p = 3, and the calculation yields A = 129600.

The volatility of the time series can be obtained as

Ct
HP @ (©)]
The output fluctuations calculated by the HP-filter method refer to deviations of the
actual values from the cycle value, and there is directionality. This paper does not consider
the direction of fluctuations, but only the magnitude of fluctuations. Therefore, we take the
absolute value of the hog production fluctuations calculated by the above method to obtain
the corrected fluctuation indicator:
hf = |HP| @
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In Equation (4), hf is the fluctuation indicator.

Core independent variable. Future Listing. According to the research questions in
this paper, referring to the previous studies, a dummy variable [48] for future listings is set.
Specifically, in the time dimension, hog futures are assigned a value of 0 before listing and
1, and vice versa.

Moderating variables. Business weight. The sampled enterprises do not only have hog
farming as a business. For example, the main business of the sample firm, WELLHOPE, is
feedstuffs, and it has only started to be involved in hog farming in 2016. We set the variable
“business weight” based on the number of hogs slaughtered and the size of enterprises to
test the impact of hog futures on the stable hog production of different types of enterprises.

Control variables. From the perspective of hog production, factors such as corn
price [5] and hog price [49] can affect hog production. We include corn price and hog price
variables in our model. In terms of consumption, the price of pork substitutes [4] and
consumption level [10] can also affect hog production. Therefore, we added chicken price,
income level, and consumer price index (CPI) variables to the model. The occurrence of
hog disease is a significant factor that impacts production [4]. This study controls for the
impact of epidemic disease by utilizing the epidemic index published by the Bric database.
According to existing research [50], the total enterprise assets are employed as a control
variable to manage the characteristics of the enterprise. Given the seasonality of pork
consumption [49], we include seasonal effects in our model. In addition, this paper controls
for the effects of hog price fluctuations, corn price fluctuations, chicken price fluctuations,
and CPI fluctuations. We have carried out logarithmization of the variables. The descriptive
statistics of the main variables are shown in Table 1.

Table 1. Descriptive statistics of variables.

Variable Type Variable Mean Std. Dev. Min Max
Explained variables Production fluctuations 0.284 0.226 0.001 1.212
P Hog production 3.157 1.482 —1.833 6.449
explanatory variables Future listing 0.440 0.497 0.000 1.000
Adjustment variables Business weight 0.142 0.084 0.023 0.470
Hog price 3.561 0.346 3.084 4.060
Corn price 0.884 0.149 0.678 1.068
Chicken price 3.047 0.048 2.975 3.193
Control variables CPI 4.607 0.006 4.593 4.619
Hog epidemic —1.875 0.561 —2.526 —0.301
Income 2112 0.109 1.917 2.337
Interest rate 2.825 0.368 1.684 3.527

2.4. Empirical Research Design

Fixed effects models mitigate endogeneity problems due to omitted variables and
are commonly used to analyze panel data [51,52]. Considering that the production of hog
enterprises may be affected by unobservable individual effects as well as time effects,
referring to existing research, we use a two-way fixed-effects model to empirically analyze
the impact of hog futures on the production stability of hog enterprises. The regression
model established is as follows:

hfiy =a+ Bfi + 60X +vfXir + Ai +ve + € (5)

In Equation (5), hf;, denotes hog production fluctuations in period t of the i enterprise,
and f; is the variable of future listing, X;; denotes the control variable, fX,, denotes the
fluctuation of the control variable, which is calculated in a manner consistent with the
fluctuation of hog slaughter. A and v denote unobservable individual and time effects,
respectively. ¢;; is the random disturbance term, and &, 8, and 7 are the parameters to
be estimated.
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3. Results and Discussion
3.1. Cointegration Test of Panel Data

In this paper, to avoid pseudo-regression, we perform panel cointegration tests on
the panel data. Specifically, we use the Kao test, Pedroni test, and Westerlund test to
conduct panel cointegration tests on the panel data, respectively. The results are shown
in Table 2. According to Table 2, all three tests reject the original hypothesis that there is
no long-run cointegration at the 1% significance level, suggesting that there is long-run
cointegration in the panel data, which shows that we can directly use the original sequence
for regression estimation.

Table 2. Results of cointegration test.

Method Statistic p-Value
Kao test —6.257 *** 0.000
Pedroni test —b5.685 *** 0.000
Westerlund test —3.341 *** 0.000

Note: *** denote 1% significance levels.

3.2. Analysis of Benchmark Regression Results

This paper uses stepwise regression to test the research hypotheses. The empirical
results are shown in Table 3. In Table 3, Model 1 and Model 2 are the regression results
without adding control variables and fixed effects and with adding control variables and
fixed effects, respectively. According to Table 3, the core explanatory variable future listing
is negative at least at the 5% significance level, and the significance level and goodness
of fit increase after adding control variables and fixed effects, indicating that hog futures
promote stable production by large-scale farmers. Hypothesis 1 is verified.

Table 3. Benchmark regression results.

Model 1 Model 2
Variable Production Fluctuations Production Fluctuations
Future listing —0.061 ** —0.219 ***
(0.027) (0.076)
Hog price —0.419 ***
(0.156)
Corn price 1.278*
(0.732)
Chicken price 4.344 ***
(1.162)
CPI 6.155*
(3.193)
Hog epidemic 0.057
(0.080)
Income —0.102
(0.192)
Interest rate —0.102
(0.088)
Enterprise size —0.125*
(0.074)
Constant 0.299 *** —39.694 **
(0.014) (15.915)
Fluctuation term No Yes
Seasonal effect No Yes
Year effect No Yes
Individual effect No Yes
R-squared 0.014 0.371

Note: ***,** and * denote 1%, 5%, and 10% significance levels, respectively; Standard errors are in parentheses.
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Among the control variables, the coefficient of hog price is significantly negative,
indicating that rising hog prices help mitigate hog production volatility. It also suggests
that falling hog prices are an important factor affecting hog production. The coefficient on
corn price is significantly positive, indicating that higher feed grain prices cause farmers to
adjust hog slaughter. The coefficient of chicken price is significantly positive, indicating that
changes in the price of pork substitutes also cause farmers to adjust their hog inventories.
The coefficient of CPI is significantly positive, indicating that changes in consumption
cause hog production to fluctuate. The coefficient of enterprise size is significantly negative,
indicating that as the size of hog enterprises increases, enterprises will pay more attention
to risk management, which helps to reduce hog production volatility.

3.3. Endogeneity Discussion and Robustness Testing

Bidirectional causality and omitted variables are important factors that contribute
to the endogeneity problem, which reduce the reliability of the empirical results. Since
hog future is an institutional arrangement that is relatively less affected by microfirms, the
empirical model is less affected by bidirectional causality. Therefore, this paper centers on
omitted variables. Even if this paper adopts a two-way fixed-effects model, it may still
face the problem of omitted variables. In August 2018, China experienced the far-reaching
African Swine Fever (ASF), which had a great impact on the supply of hogs in China. In
December 2019, there was a COVID-19 outbreak in China. In January 2020, the Chinese
government announced a series of measures against COVID-19, such as restricting the
residents’ movement, etc. The COVID-19 outbreak led to disruptions in the supply chain,
affecting hog production. In addition, the Chinese government has also made frequent
interventions in the hog industry, affecting hog production. Ignoring these factors may
lead to unreliable estimates.

In this paper, we set dummy variables according to the time of the ASF to exclude
the influence of the ASF epidemic on the estimation results. The empirical results are
shown in Model 3 in Table 4. Based on the exclusion of the ASF, this paper sets dummy
variables based on the time when the Chinese government announced the restriction of the
movement of people to exclude the impact of the COVID-19 epidemic on hog production,
and the empirical results are shown in Model 4 in Table 4. Based on the exclusion of ASF
and COVID-19, we then set government intervention variables based on the central reserve
meat policy to exclude the impact of the industrial policy on hog production, and the
empirical results are shown in Model 5 in Table 4. According to the robustness test results
in Table 4, hog futures still play a role in stabilizing hog production after excluding the
interfering factors. This also indicates that the empirical result in the previous section
is robust.

Table 4. Robustness test results.

Model 3 Model 4 Model 5 Model 6
Excluding the Impact  Excluding the Impact  Excluding the Impact Replacing the Core
of the ASF of the COVID-19 of Policy Interventions  Explanatory Variable
Variable Production Production Production Production
Fluctuations Fluctuations Fluctuations Fluctuations
Future listing —0.293 *** —0.290 ** —0.223 ***
(0.112) (0.112) (0.079)
Future trading —0.143 ***
(0.048)
Hog price —0.479 *** —0.491 *** —0.318 % —0.542 ***

(0.154) (0.155) (0.166) (0.140)




Agriculture 2024, 14, 335 9o0f 16
Table 4. Cont.
Model 3 Model 4 Model 5 Model 6
Excluding the Impact Excluding the Impact Excluding the Impact Replacing the Core
of the ASF of the COVID-19 of Policy Interventions  Explanatory Variable
Variable Production Production Production Production
Fluctuations Fluctuations Fluctuations Fluctuations
Corn price 0.862 0.663 1.210 0.856
(0.760) (0.788) (0.779) (0.656)
Chicken price 4.042 *** 3.990 *** 4.043 *** 3.173 ***
(1.111) (1.113) (1.184) (0.977)
CPI 10.033 *** 11.362 *** 6.311* 8.376 ***
(3.196) (3.481) (3.500) (2.824)
Hog epidemic 0.138 0.116 0.033 0.10 1*
(0.086) (0.089) (0.089) (0.055)
Income —0.158 —0.131 —0.084 —0.009
(0.189) (0.191) (0.200) (0.165)
Interest rate —0.114 —0.086 —0.111 —0.033
(0.089) (0.094) (0.096) (0.078)
Enterprise size —0.146 ** —0.147 ** —0.134 * —0.152 **
(0.071) (0.071) (0.074) (0.059)
Constant —b55.569 *** —61.559 *** —39.772 ** —45.739 ***
(15.935) (17.107) (17.089) (13.975)
Fluctuation term Yes Yes Yes Yes
Seasonal effect Yes Yes Yes Yes
Year effect Yes Yes Yes Yes
Individual effect Yes Yes Yes Yes
R-squared 0.365 0.366 0.377 0.344

Note: ***,** and * denote 1%, 5%, and 10% significance levels, respectively; standard errors are in parentheses.

In addition, we set up the future trading variable to replace the core explanatory
variable through the trading data of hog future for the robustness test. Specifically, we
set the core explanatory variables based on the holdings of hog futures, replace the future
listing variable in the original model, and re-regress the model. The empirical results are
shown in Model 6 in Table 4. According to the empirical results, the coefficient of variable
future trading is negative at the 1% significance level, indicating that hog futures reduce
production volatility. The empirical results of the previous section are once again confirmed.

3.4. Mechanism Analysis

Firstly, we test the expansion effect of hog futures. Expanding the scale of hog produc-
tion helps to force farmers to expand the factor inputs related to risk management, thus
reducing the volatility of hog production. We set the hog production variable according to
hog slaughtering volume to test the expansion effect of hog future. The empirical results
are shown in Model 7 in Table 5. According to Model 7, the coefficient of future listing is
positive at the 5% significance level, indicating that hog futures help promote farmers to
expand production. Hypothesis 2 is verified.

Secondly, we test the risk-hedging effect of the hog future. China’s hog market is
almost fully competitive, and each hog farmer is a recipient of the market price. Therefore,
to avoid the price risk, hog farmers can only decide the breeding quantity according to
the market price. After the listing of hog futures, hog enterprises can use the hedging
function of futures to hedge the hog price risk, and reduce the impact of the hog price
on hog farming. We introduce an interaction term between future listing and hog price
fluctuations in our empirical model to test the risk-hedging function of hog futures. If the
coefficient of the hog price fluctuations is significantly positive and the coefficient of the
interaction term between futures listing and hog price fluctuations is significantly negative,
hog futures are considered to play a role in reducing the risk of hog price. Model 8 in
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Table 5 reports the empirical results of the risk hedging mechanism. According to Model
8, the coefficient of hog price fluctuations is significantly positive, which indicates that
farmers’ hog farming behavior depends on hog price. The coefficient of the interaction
term between future listing and hog price fluctuations is significantly negative, indicating
that hog future plays a role in reducing the risk of hog price. Hypothesis 3 is verified.

Table 5. Empirical results of expansion effects and risk hedging mechanisms.

Model 7 Model 8
Variable Hog Production Production Fluctuations
Future listing 0.291 ** —0.242 ***
(0.115) (0.076)
Future Listing x Hog price fluctuations —0.642 **
(0.288)
Hog price fluctuations 0.370 *
(0.190)
Hog price 0.111 —0.413 ***
(0.181) (0.155)
Corn price 1.670 * 0.960
(0.986) (0.741)
Chicken price —4.050 *** 3.643 ***
(1.147) (1.197)
CPI 4.381 5.373 %
(4.124) (3.192)
Hog epidemic —0.002 0.044
(0.092) (0.080)
Income 0.503* —0.058
(0.285) (0.191)
Interest rate 0.084 —0.060
(0.108) (0.090)
Enterprise size 0.660 *** —0.117
(0.107) (0.073)
Constant —11.446 —34.011 **
(19.662) (16.020)
Fluctuation term No Yes
Seasonal effect Yes Yes
Year effect Yes Yes
Individual effect Yes Yes
R-squared 0.951 0.380

Note: ***, ** and * denote 1%, 5%, and 10% significance levels, respectively; standard errors are in parentheses.

Thirdly, we examine the stable expectation mechanism of hog futures. In the produc-
tion decision-making process, farmers take into account their expectations of future prices.
The more volatile the spot price is, the more volatile the farmers’ expectations become. This
study aims to verify whether the listing of hog futures can stabilize spot price volatility
and, therefore, stabilize expectations.

We test whether hog futures reduce the level of hog price volatility based on time
series data, and the empirical results are shown in Table 6. In Table 6, Model 9 and Model
10 are the empirical results without adding control variables and fixed effects and with
adding control variables and fixed effects, respectively. According to the empirical results,
the variables of future listing are all negative at the 1% significance level, indicating that
hog futures can reduce the level of hog price volatility and thus play a role in stabilizing
farmers’ production expectations. Hypothesis 4 is verified.
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Table 6. Empirical results of the stable expectation mechanism.

Model 9 Model 10
Variable Hog Price Fluctuations Hog Price Fluctuations
Future listing —0.170 *** —0.290 ***
(0.059) (0.046)
Corn price —0.055
(0.420)
Chicken price —0.713
(0.568)
Hog epidemic 0.249 **
(0.120)
CPI —2.294
(2.476)
Constant 0.260 *** 12.953
(0.017) (11.097)
Fluctuation term No Yes
Seasonal effect No Yes
Year effect No Yes
R-squared 0.051 0.734

Note: *** and ** denote 1% and 5% significance levels, respectively; standard errors are in parentheses.

3.5. Moderating Effects and Heterogeneity Analysis

The stabilizing effect of the hog future can be affected by the percentage of a farmer’s
hog business. When the proportion of hog breeding businesses increases for hog farmers,
they tend to invest more in related business information search, talents, and capital, thereby
increasing the profitability of the hog business. Therefore, the implicit and explicit stabiliza-
tion effects of the hog future increase when the revenue share of the hog business increases.
Model 5 in Table 5 shows the empirical results of the moderating effect of hog business
weight. The interaction term between future listing and business weight is significantly
positive, indicating that the effect on production fluctuations of hog future becomes more
evident as the share of enterprises” hog business increases. Model 11 in Table 7 shows the
empirical results of the moderating effect of hog business weight. The interaction term
between future listing and business weight is significantly negative, indicating that the
stabilizing production effect of hog future becomes increasingly evident as the proportion
of enterprises” hog business increases.

Differences in the direction of hog price fluctuations can cause differences in the
stabilization effects of hog futures. When hog prices fluctuate negatively, based on the risk
hedging function, hog futures can reduce the impact of hog price risk on production, thus
stabilizing hog production. When hog prices fluctuate positively, pork supply fails to meet
demand. Since pork supply is affected by the growth cycle of hogs, it is difficult to return
to the normal supply level in the short term. For a while, hog prices will continue to rise.
Thus, farmers tend to reduce slaughtering to gain excess profit. At this time, the stabilizing
effect of hog futures is not obvious. We divide the sample into two groups according to the
direction of hog price fluctuations to test the heterogeneity mentioned above. The empirical
results are shown in Model 12 and Model 13 in Table 7. The empirical results show that
when hog prices fluctuate negatively, the coefficient of future listing is negative at the 5%
significance level, indicating that hog futures can stabilize hog production. When the hog
price fluctuates positively, the coefficient of future listing is not significant, which means
that the stabilizing effect of hog futures is not obvious.
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Table 7. Empirical results of moderating effects and heterogeneity.

Model 11 Model 12 Model 13
The Moderating Effect of Negative Hog Price Positive Hog Price
Business Weight Fluctuations Fluctuations
Variable Production Fluctuations Production Fluctuations Production Fluctuations
Future listing —0.327 *** —0.416 ** —0.581
(0.115) (0.183) (0.445)
Fut.ure Listing x Business 1180w
weight
(0.430)
Business weight 1.373 ***
(0.277)
Hog price —0.403 *** —2.420 *** —0.002
(0.152) (0.800) (0.481)
Corn price 0.228 2.647 ** —1.560 *
(0.782) (1.148) (0.807)
Chicken price 4.361 *** 8.660 *** 1.550
(1.082) (3.314) (1.408)
CPI 7.701 ** 8.470 5.511
(3.238) (7.230) (4.419)
Hog epidemic 0.123 0.429 *** —0.071
(0.084) (0.145) (0.099)
Income —0.117 —0.695 ** 0.600
(0.186) (0.309) (0.438)
Interest rate —0.105 —0.469 * 0.062
(0.085) (0.254) (0.126)
Enterprise size —0.117 —0.067 —0.266 **
(0.072) (0.078) (0.113)
Constant —45.970 *** 400.557 —1112.185 ***
(16.020) (326.009) (407.781)
Fluctuation term Yes Yes Yes
Seasonal effect Yes Yes Yes
Year effect Yes Yes Yes
Individual effect Yes Yes Yes
R-squared 0.365 0.367 0.375

Note: ***,** and * denote 1%, 5%, and 10% significance levels, respectively; standard errors are in parentheses.

3.6. Discussion

Since the relationship between futures and spot prices is not yet clear, the answer to
the question of whether the hog future can contribute to the stabilization of hog production
is unknown. Our research found that even if there is speculative trading in the futures
market that exacerbates spot price volatility, the hog future can still play a role in stabilizing
production. The possible reasons are as follows:

Firstly, before hog companies engage in hedging. The effect of speculative trading on
prices is usually short-term. In the short term, speculative trading can cause future prices
to deviate from rational prices. The hog firm’s decision to hedge is long-term. If speculative
trading causes future prices to fall rapidly in the short term, pork demanders will buy to
hedge, allowing future prices to gradually return to normal levels. On the contrary, when
the future price rises rapidly in the short term, hog companies will sell hedges. Under
the correction of the hedging entities (e.g., hog enterprises and pork demand enterprises,
etc.), the future price can quickly return to the normal level. Therefore, irrational future
prices will not last for a long time. In other words, since the production decisions of hog
enterprises are characterized by long-term (this long-term is relative to speculative trading),
when speculative trading leads to a rapid increase in futures prices, hog enterprises will
hedge, thus promoting stable production. When speculative trading leads to a rapid decline
in the future price, hog production enterprises do not decide to produce based on short-
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term price trends, but wait for the future price to return to rationality. Therefore, the impact
of speculative trading on the hedging effect of hog enterprises is relatively limited.

Secondly, after hog companies engage in hedging. The short-term fluctuation of future
prices will not affect hog production after hedging. It is undeniable that the short-term
sharp fluctuations in future prices will bring the risk of forced position closure, which has
a high demand for the enterprise to control future trade risk. As large hog enterprises
have advantages such as talents, controlling trading risks happens to be an advantage of
large hog enterprises. After avoiding the risk of forced position closure, hog enterprises
only need to choose hedging or physical delivery after future expiration. At this time, the
short-term drastic changes in futures prices caused by speculative trading have a relatively
limited impact on the production of enterprises.

4. Limitations, Conclusions and Implications
4.1. Limitations of the Study

Our research has certain limitations. In terms of the empirical sample, this paper
discusses the stabilizing effect of the hog future with the sample of large hog enterprises,
and the sample has certain limitations. A large number of large-scale hog farmers exist
in China, while the number of large hog enterprises is relatively small. Although the hog
production of large-scale hog enterprises has reached a high proportion, and large-scale
hog enterprises and large-scale farmers have similar characteristics, we should also pay
more attention to the large-scale farmers. In the future, we can obtain the production and
operation data of large-scale farmers through field research to test the role of hog futures
on large-scale farmers’ production stabilization and its heterogeneity.

4.2. Conclusions

This paper aims to broaden the governance perspective of hog supply volatility by
analyzing the impact of hog futures on production stability. We utilized monthly hog sales
volume data from hog-listed companies and employed a two-way fixed effects model to
investigate the impact and mechanism of hog futures on hog production stability. Our
findings suggest that the hog future has a positive impact on hog enterprises’” production
stability. This finding remains robust after excluding several confounding factors, such
as the ASF epidemic, COVID-19, and government intervention. The mechanism analysis
finds that hog futures help encourage farmers to expand their risk management factor
inputs. Hog futures help reduce the impact of hog price volatility on farmers” production
fluctuations. Hog futures help stabilize farmers’ production expectations. The analysis
of the moderating effect finds that the stabilizing effect of the hog future increases as the
proportion of farmers” hog business increases. There is heterogeneity in the stabilizing
effect of hog futures; when hog prices fluctuate negatively, the hog future helps promote
stable production for large-scale farmers. When the hog price fluctuates positively, the
production stabilization effect of the hog future is not obvious.

4.3. Implications

The implications of our findings are as follows.

First, the government should establish a market monitoring and early warning mecha-
nism based on hog future prices. Price expectations play a crucial role in influencing hog
production. The hog future price reflects the expectations of future market participants
regarding the future supply and demand in the pork market. By establishing a monitoring
and early warning mechanism for hog future prices, the government can regulate the spot
market with the help of hog futures’ price discovery function, thus reducing the possibility
of large fluctuations in hog prices.

Second, the government should consider stabilizing hog forward price expectations
by actively participating in hog future trading. The current hog price intervention pol-
icy mainly consists of the central reserve meat policy. The Development and Reform
Commission intervenes in short-term market prices by assessing the range of rising hog
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prices and deciding to put in or store frozen pork. However, government intervention
may disturb short-term market price signals and not affect hog price expectations. This
may trigger a game between market subjects and the government, leading to more violent
price fluctuations, and causing a reduction in the guiding effect of price signals on farm-
ing subjects, further aggravating the imbalance between supply and demand. Therefore,
while intervening in market prices in the short term, the government should also consider
participating in hog future trading to influence forward price expectations. Moreover,
with the advantage of the economic system, state-owned farms can simultaneously decide
to increase or decrease production capacity while intervening in the forward price, thus
ensuring the stability of the hog supply.

Third, the capital market should play a multi-level role in supporting the development
of the hog farming industry. The government should promote financial innovations that
serve large-scale hog breeding subjects and encourage them to participate in hog futures
trading. The large-scale hog breeding subject is the dominant player in hog futures pricing.
Its deep participation helps form rational hog futures prices that accurately reflect the
future hog market supply and demand.

Fourth, the government should actively promote financial innovation and services
that cater to small and medium-sized hog farming subjects. The high capital and trading
thresholds associated with hog futures present significant obstacles for these small farmers.
To address this issue, the market should offer financial products with low capital and oper-
ation thresholds for small and medium-sized farmers by promoting financial innovation
based on hog futures. This approach not only enhances the trading depth of the hog future
but also contributes to the formation of a rational hog future price. Additionally, profes-
sional investors can participate in hog future trading by absorbing risk-averse funds from
small and medium-sized farmers. This protective function shields small and medium-sized
farmers from price risks and, based on the information advantage of professional investors,
helps to achieve rational pricing of hog futures.

Fifth, to foster financial talent concentration in the hog industry, the government
should provide incentives through measures such as personal tax benefits. The hog in-
dustry is characterized by high risk and low profitability, resulting in low compensation
for industrial employment personnel, and making it difficult to attract highly skilled pro-
fessionals. Offering preferential policies such as personal tax deductions for employed
personnel would improve the industry’s appeal and encourage the concentration of tal-
ented resources within the hog industry. This, in turn, would promote financial and service
innovation in the industry, and support the participation of large hog enterprises in hedg-
ing. Furthermore, such incentives would facilitate financial innovation that caters to small
and medium-sized farmers, ensuring the industry’s stable development.
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