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Abstract
This article investigates the evolution of hog spatial market integration in China based on a minimal span-
ning tree by using provincial hog price data. The empirical results show that hog spatial market integration
in China has increased gradually and reached a high stable level after 2012. Hog spatial market integration
underwent a structural break in April 2007, after which hog market integration was greatly strengthened.
Moreover, the market power of hog markets in eastern China and central China is increasing, and
Shandong is a price setter, whereas hog markets in southwestern, northeastern, and northern China
are price followers.
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1. Introduction
Spatial market integration can be understood as the flow and transmission of goods and price
information across regions. A majority of agricultural economics scholars believe that spatial
market integration is directly related to the law of one price (Barrett, 2001). The market is perfectly
integrated when the price difference of a homogeneous commodity between two separated
markets will be, at most, equal to the transaction costs of goods and information flowing freely
between them (Emmanouilides and Fousekis, 2012). Perfect spatial market integration suggests
the realization of the law of one price.

Conversely, complete spatial market segmentation is the condition of self-sufficiency without
trade. Spatial market integration is an important measure of market efficiency. Spatial market
integration can improve the efficiency of resource allocation, reduce social costs, and maximize
social welfare, whereas spatial market segmentation will have negative effects on the healthy
development of markets, increase the deadweight loss incurred by society, and reduce overall
economic efficiency (Serra, Gil, and Goodwin, 2006).

The study of spatial market integration, therefore, has always been a focus of governments and
scholars around the world (Barrett, 1996; Fackler and Goodwin, 2001). The significant issue is the
measurement of agricultural spatial market integration. Another concern is the influence of
different markets. With the increasing integration of agricultural markets, some markets play
a more important role and exert more influence on agricultural prices in other markets; thus, these
markets are “price setters.” Other markets have little market power and are thus referred to as
“price followers.” However, questions remain: How does agricultural spatial market integration
evolve? Have any notable structural breaks occurred in the process of evolution? The latter
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two issues are important but scarcely presented in the existing literature. Thus, addressing the
abovementioned issues in an integrated framework is the main challenge of this article.

This article has three contributions. Our first contribution is to present an integrated frame-
work for studying agricultural market integration. We not only measure the degree of integration
and pricing power of the agricultural market but also analyze the evolution of agricultural market
integration. These analyses help us understand the dynamic process of integration rather than the
only result that the market is integrated or segmented.

Our second contribution is to introduce the minimal spanning tree (MST) method to estimate
agricultural market integration. The MST method can solve the abovementioned issues based
on its four characteristics. First, the MST method applies the greedy algorithm to choose only
the N − 1 strongest links between N markets, which should have N(N − 1)/2 links. This means
that the MST method can reveal the simplest and strongest relationships between different mar-
kets. Second, the MST can present a network topology graph of N − 1 links, which visualizes the
structure and relationships between markets. Third, the MST method provides some network
topological indicators with good economic implications. Market degree and betweenness central-
ity reflect the market’s centrality and can be used to measure market power, and normalized tree
length reflects the closeness degree of all markets and is an indicator of well-measured spatial
market integration (Ji and Fan, 2016). Finally, the MST method and its net topological indicators
are easily combined with the rolling time window method to address the evolution of agricultural
market integration.

Our third contribution is to study the evolution of agricultural spatial market integration as
applied to the Chinese hog market. The Chinese hog market is interesting for four reasons.
First, China has the largest hog market in the world in terms of production and consumption
(USDA, 2018). Second, Chinese hog-producing areas and hog-consuming areas are numerous
and dispersed across the country. Third, China first liberalized its hog market in 1985 and even
further after joining the World Trade Organization in 2001, which increased hog price volatility.
Fourth, China is the only country implementing a pork reserve policy to smooth the volatility of
hog market prices, which it implemented in 2009, providing a practical case for investigating the
influence of government policy on agricultural market integration.

Our empirical analysis is based on monthly data on Chinese hog prices for 20 hog-consuming
and hog-producing areas over the period 2000–2016. We construct MST of 20 hog markets in
China by using the Pearson correlation coefficients between price growth rates to calculate
the edges of the MST, in which the shortest edges represent the largest Pearson correlation
coefficients. Correlation coefficients between different markets are the earliest method used to
estimate the integration degree and were proposed by Lele (1967). He argued that correlation
between different markets can estimate the degree to which price formation in an individual mar-
ket is influenced by prices in other markets and therefore can be considered an indicator of the
extent to which the two markets are integrated. Therefore, MST based on Pearson correlation
coefficients can provide good insights into the integration of hog markets in China.

The remainder of the article is organized as follows: Section 2 provides a brief literature review
of hog market integration. Section 3 discusses the data used in our empirical investigation of the
Chinese hog market, including sample choice and the statistical analysis of data. Section 4 presents
the results of the integration and the pricing power of different hog markets in China. Section 5
provides the evolution of national hog market integration in China. Section 6 reports the empirical
results of the robustness test, and Section 7 provides the main conclusions and policy implications.

2. Literature review
Agricultural market integration, especially grain spatial market integration, has been
discussed extensively in the economic literature (Abidoye and Labuschagne, 2014; Goodwin
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and Piggott, 2001; Goychuk and Meyers, 2014; Tostão and Brorsen, 2005). Most scholars consider
market integration studies based on the price method to be more credible than those based on
other methods (Vinuya, 2007), and thus, price method studies based on the law of one price
are the most common type. For hog market integration, most of the literature focuses on spatial
market integration in the Europe Union (EU) or the United States and Canada. Earlier studies
often use cointegration models (e.g., Engle and Granger, 1987; Johansen and Juselius, 1990).
For example, Sanjuán and Gil (2001) used a multivariate cointegration test to assess the pork
spatial market integration of seven EU countries, finding indications of a certain degree of inte-
gration. Vollrath and Hallahan (2006) used a vector autoregression model to test the hog spatial
market integration between the United States and Canada, documenting evidence of market
integration. Fousekis (2007) applied a vector correction model to investigate the integration of
pork markets in 14 EU countries and found that pork markets in the EU are far from the idealized
market in which prices are uniform.

As argued by Goodwin and Piggott (2001), cointegration technology neglects the transaction
cost, so threshold cointegration models are proposed, which provide a threshold value to represent
the transaction cost. Meyer (2004) used the threshold vector error correction model to test the
integration of two major EU pig markets (Germany and Netherlands). Liu (2011) used both
symmetric and asymmetric threshold error correction models to analyze the integration between
the Finnish pork market and those of Germany and Denmark in the EU and showed that the
pork market in Finland has a symmetric cointegration relationship with those in Germany
and Denmark. Emmanouilides and Fousekis (2012) applied the exponential smooth transition
autoregressive model to investigate the integration of four major EU pork markets (Germany,
Spain, France, and Denmark), finding that they have a nonlinear integration relationship for
all market pairs. Although threshold cointegration models are applied because they con-
sider the transaction cost, some scholars argue that threshold cointegration models are still
inappropriate because they rely on strong assumptions about constant transaction costs, continu-
ous trade flows, or both (Miljkovic, 2009).

As the copula method has increased in popularity, it has been applied to investigate hog market
integration. Recent research includes that by Grigoriadis, Emmanouilides, and Fousekis (2016),
who applied the mixed R-vine copulas method to analyze the integration degree of seven major
pig meat markets in the EU. They found that the markets of Belgium, Germany, and the
Netherlands have a higher degree of integration with the others, whereas the Italian market
exhibits a lower degree of integration. Although there are some studies on hog market integration,
to our knowledge, no published study has analyzed the price influence of individual hog markets.
Most scholars focus on the pricing power of the grain market. For example, Jian, Besseler, and
Leatham (2000) confirmed that the United States is the price setter among the United States,
Britain, Argentina, and Brazil based on the Granger causality test. Atanu (2006) applied an error
correction model to find that the United States is the pricing center of the world rice market.

All of the previously discussed research provides good references for this article, but the
abovementioned methods appear unsuitable for solving the problems proposed in this article.
The abovementioned methods are often used to investigate the integration of hog markets when
considering a total of between two and seven markets. The reason for this approach is that the
cointegration model and threshold cointegration model are applied to analyze spatial market
integration mostly based on the pairwise procedure, which means that N markets require us
to estimate N(N − 1)/2 models. The higher-dimensional copula method is also based on
pair-cupula densities. Moreover, these models have no simple indicator to reflect the integration
of all markets, such as normalized tree length as provided by the MST method. The total number
of Chinese hog markets studied in this article is 20, so although the cointegration model, threshold
cointegration model, and copula method are theoretically applicable, these calculations are
difficult and complicated to perform from an actual operational perspective.
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In contrast, the MSTmethod is a much more suitable model for solving the issues in this article.
One recent application of the MST method to market integration is that given by Ji and Fan
(2016), who analyze the evolution of crude oil market integration in 24 countries. Unlike their
study, which used Prim’s algorithm, we construct MST by using Kruskal’s algorithm.
Kruskal’s algorithm always finds the shortest edge (largest correlation coefficient) to add into
the graph regardless of whether it can temporarily connect with other edges, but Prim’s algorithm
always chooses the next nearest vertex (market) to ensure that every edge added in the graph is
connected. Because the shorter the edge is, the better integrated the markets on the ends of that
edge are, Kruskal’s algorithm is much more suitable for use to study market integration.
Therefore, our article appears to be the first to use the MST method based on Kruskal’s algorithm
to analyze agricultural market integration. Its application to the Chinese hog market is also novel.

3. Data description
3.1. Sample selection

Nominal monthly hog price data (unit: yuan per kilometer) for 20 provinces/municipalities/
autonomous regions over the period 2000 M1 to 2016 M6 (198 observations) were obtained from
the Chinese Animal Husbandry Information Network (http://www.caaa.cn). The selected samples
include 20 hog markets, each divided into a hog-consuming area and hog-producing area, which
are distributed in six regions as follows: eastern China, southern China, central China, south-
western China, northern China, and northeastern China.

Hog-producing and hog-consuming areas are determined according to a comparison of per
capita pork consumption and per capita pork production. Specifically, Heilongjiang, Jilin,
Liaoning, Anhui, Shandong, Hebei, Henan, Sichuan, Jiangxi, Hubei, Hunan, and Guangxi are
selected as hog-producing areas in which per capita pork production is higher than per capita
pork consumption. These hog markets almost cover the top 10 major hog production regions
in China. By contrast, Beijing, Tianjin, Shanghai, Jiangsu, Zhejiang, Fujian, and Guangdong
are selected as hog-consuming areas in which per capita pork production is lower than per capita
pork consumption. Figure 1 shows the distribution of 20 provinces/municipalities/autonomous
regions in China in which the different regions are color coded. From Figure 1, we can see that
hog-producing areas and hog-consuming areas have geographic agglomeration effects. The
hog-consuming areas are mainly distributed in eastern coastal regions, which demand a large
amount of pork because of their high population density and rapid economic development.
The hog-producing areas are mainly distributed in inland regions that are suitable for feeding
hogs because of built-in advantages, such as geographic environment, high production of grain,
low wage cost, and government policy support.

3.2. Unit root test and statistical analysis

To ensure the comparability of hog prices in different markets, a monthly consumer price index is
used to remove the price influence of nominal hog prices and obtain real hog prices. Then, the
augmented Dickey-Fuller (ADF) test proposed by Dickey and Fuller (1979) is used to examine
whether real hog prices have unit roots. The unit root test results on real hog prices for 20 prov-
inces/municipalities/autonomous regions are presented in Table 1. The results show that the real
hog prices are nonstationary in levels but stationary in first differences at the 5% significance level.
This confirms that all real hog prices have unit roots, so we will use the real hog price growth rates
(ri,t) to perform the following empirical analysis because of their stationary character.

ri;t � ln�Pi;t� � ln�Pi;t�1�; (1)

where Pi,t is the price of hog market i at time t.
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Table 2 provides the descriptive statistics of ri,t for 20 provinces/municipalities/autonomous
regions. The analysis results are as follows.

First, from the mean value, we can see that the means of ri,t in 20 provinces/municipalities/
autonomous regions are almost equal to zero, so we conduct the hypothesis test H0: meani = 0,
where meani is the mean value of ri,t in hog market i (i = 1,⋯20). The results show that the null
hypothesis is true at the 5% significance level for all hog prices, which means that hog prices
alternate between increases and decreases. These results are evidence of the hog cycle in China.

Second, unlike the mean value, the volatilities of real hog price growth rates for the 20 prov-
inces/municipalities/autonomous regions are quite different. According to the standard deviation,
we can see that the volatility of ri,t in Tianjin is highest, with a higher maximum value and the
lowest minimum value. From a regional perspective, the average volatilities of ri,t are highest in
northeastern China and lowest in southern China, two areas located on opposite sides of China.

Finally, the Jarque-Bera (JB) test indicates that the real hog price growth rates in differentmarkets do
not follow the same distribution. Specifically, 10 hog price growth rates of 20 provinces/municipalities/
autonomous regions follow a normal distribution at a 5% significance level. For the rest, 7 hog price
growth rates present a right-skewed distribution with a positive skewness value, which has more sam-
ples on the left of themean hog price than a normal distribution, and 3 hog price growth rates present a
left-skewed distribution with a negative skewness value. Moreover, the kurtosis values are greater than
3, which is the value of a normal distribution, showing an obvious peak and a fat tail distribution.

Figure 1. The distribution of 20 provinces/municipalities/autonomous regions in China.
Note: Regions are color-coded as follows: eastern China, dark gray; southern China, light purple; central China, dark blue;
southwestern China, light blue; northern China, dark purple; and northeastern China, light gray.

Journal of Agricultural and Applied Economics 353

https://doi.org/10.1017/aae.2019.7 Published online by Cambridge University Press

https://doi.org/10.1017/aae.2019.7


4. Integration of regional markets and price influence analysis
In this section, we use Kruskal’s algorithm (Kruskal, 1956) based on a Euclidean distance matrix to
construct an MST. The distance matrix is defined as

dij �
��������������������
2�1 � ρij�

q
; (2)

where ρij is the Pearson correlation coefficient of the price growth rates of hog markets i and j, and
dij is the distance between market i and market j. Generally, dij= 0 if the price time series from the
i and jmarkets are perfectly correlated, and dij = 1 if the price time series from the i and jmarkets
are perfectly uncorrelated, indicating that smaller values of dij imply higher correlations and stron-
ger compactness between hog markets.

Then, the distance matrix is used as edges to construct the MST (see Figure 2) in which the
different regions are symbol coded. As shown in Figure 2, hog markets in all regions except central
China are linked, showing the highly integrated intraregional hog market. In particular, the hog
markets from southern China, in which Guangxi and Hainan are directly connected to

Table 1. Augmented Dickey-Fuller (ADF) unit root test of real hog prices for 20 provinces/municipalities/autonomous
regions

Region
Province/Municipality/
Autonomous Region

Real Hog Prices in Levels
Real Hog Prices in First

Differences

ADF Test
Statistics

P
Value

ADF Test
Statistics

P
Value

Eastern China Shandong −1.8187 0.3707 −9.8813 0

Jiangsu −2.0337 0.2723 −9.3694 0

Anhui −1.9965 0.2883 −9.4404 0

Zhejiang −2.3918 0.1454 −9.6536 0

Fujian −2.0565 0.2627 −10.1340 0

Shanghai −2.0972 0.2461 −9.9686 0

Southern
China

Guangdong −1.8383 0.3612 −9.4551 0

Guangxi −2.0926 0.2480 −8.7503 0

Hainan −1.8857 0.3386 −12.7147 0

Southwestern
China

Sichuan −1.7743 0.3925 −8.3159 0

Central China Hubei −1.9993 0.2871 −9.6241 0

Hunan −1.7787 0.3903 −9.5988 0

Henan −1.8675 0.3472 −13.6014 0

Jiangxi −1.8271 0.3666 −9.9873 0

Northern
China

Beijing −2.3791 0.1490 −9.2609 0

Tianjin −2.1935 0.2094 −11.4852 0

Hebei −2.0537 0.2639 −9.6719 0

Northeastern
China

Heilongjiang −1.9175 0.3238 −9.9833 0

Jilin −2.0063 0.2840 −9.7725 0

Liaoning −1.8362 0.3621 −9.9140 0
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Table 2. Descriptive statistics of real hog price growth rates in 20 provinces/municipalities/autonomous regions

Region
Province/ Municipality/
Autonomous Region Mean

Standard
Error Maximum Minimum Skewness Kurtosis

Jarque-
Bera P

Eastern China Shandong 0.0051(1.046) 0.0683 0.2079 −0.2136 −0.0427 3.6152 3.1670 0.2053

Jiangsu 0.0041(0.7641) 0.0748 0.2423 −0.1794 0.0252 3.0641 0.0545 0.9731

Anhui 0.0042(0.8826) 0.0664 0.1689 −0.1799 −0.1067 3.1194 0.4909 0.7824

Zhejiang 0.0040(0.8417) 0.0671 0.2209 −0.1729 0.0809 3.1198 0.3325 0.8468

Fujian 0.0034(0.6636) 0.0709 0.2368 −0.2357 0.1782 3.9620 8.6393 0.0133

Shanghai 0.0034(0.7014) 0.0677 0.2426 −0.2215 0.3421 4.2720 17.1226 0.0002

Southern
China

Guangdong 0.0038(0.9697) 0.0547 0.2060 −0.1539 0.1694 4.0286 9.6266 0.0081

Guangxi 0.0038(0.9818) 0.0549 0.2062 −0.1341 0.2690 3.6582 5.9313 0.0515

Hainan 0.0022(0.4719) 0.0649 0.2879 −0.2713 −0.0299 5.9147 69.7615 0.0000

Southwestern
China

Sichuan 0.0047(1.1028) 0.0601 0.1861 −0.1780 0.0592 3.4170 1.5423 0.4625

Central China Hubei 0.0039(0.8046) 0.0677 0.1964 −0.1919 0.0612 3.4567 1.8353 0.3995

Hunan 0.0041(0.9744) 0.0589 0.1628 −0.1667 0.0448 3.0188 0.0687 0.9662

Henan 0.0043(0.9032) 0.0662 0.2194 −0.1996 0.1014 3.9012 7.0044 0.0301

Jiangxi 0.0038(0.8829) 0.0608 0.1946 −0.1725 0.2129 3.6573 5.0355 0.0806

Northern
China

Beijing 0.0046(0.9928) 0.0655 0.1988 −0.1922 0.0198 3.1268 0.1448 0.9301

Tianjin 0.0050(0.9218) 0.0767 0.2334 −0.2700 −0.2254 4.3984 17.7201 0.0001

Hebei 0.0050(0.9541) 0.0732 0.1938 −0.2611 −0.3020 4.3410 17.7543 0.0001

Northeastern
China

Heilongjiang 0.0058(1.1121) 0.0736 0.2407 −0.2039 0.1490 3.8119 6.1394 0.0464

Jilin 0.0056(1.0472) 0.0755 0.2230 −0.2225 0.0099 3.8122 5.4181 0.0666

Liaoning 0.0057(1.1214) 0.0707 0.2459 −0.1877 0.0868 3.8885 6.7277 0.0346

Note: The value in parentheses is the t-statistics value corresponding to the null hypothesis: meani = 0 (i = 1, ⋯ 20).
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Guangdong, are the most integrated. This finding indicates that the hog market in Guangdong
plays an important role in southern China. With respect to the integration of interregional
hog markets, the hog markets in northeastern China are linked to those in northern China,
and the hog markets in southwestern China are linked to those in northern China. In addition,
the hog markets in northern China, southern China, and central China are each connected to
those in eastern China. This situation suggests that interregional hog markets are relatively highly
integrated. These results show that national hog spatial market integration has been verified and
that the national hog market shows a high geographic agglomeration effect, which means that
geographic distance is an important factor determining hog market integration.

Furthermore, most hog markets in eastern China are located in the center of the MST, which
suggests that this may be an important pricing region for the national hog market. The hog mar-
kets from eastern China are all congregated around Shandong except for Fujian and Shanghai,
which are linked to Hunan. This finding further suggests that the hog market in Shandong
may have an important influence on the national hog market.

To further verify the pricing power of hog markets in China, we use two network topology
indicators—namely, market degree and betweenness centrality—to more accurately reveal the
importance of each hog market (see Table 3). The specifications of market degree and betweenness
centrality are referred to by Ji and Fan (2016). According to the market degree indicator, defined as
the number of links connected to any given market, the hog markets in Shandong and Hunan have
the highest degree of 4, followed by the four hog markets in Guangdong, Zhejiang, Hebei, and Jilin,

Table 3. Measurement results of network topology indicators

Region Province/Municipality/Autonomous Region Degree Betweenness

Eastern China Shandong 4 0.58

Jiangsu 2 0.09

Anhui 1 0.00

Zhejiang 3 0.52

Fujian 1 0.00

Shanghai 2 0.09

Southern China Guangdong 3 0.47

Guangxi 2 0.37

Hainan 1 0.00

Southwestern China Sichuan 1 0.00

Central China Hubei 1 0.00

Hunan 4 0.34

Henan 1 0.00

Jiangxi 1 0.00

Northern China Beijing 1 0.00

Tianjin 2 0.37

Hebei 3 0.18

Northeastern China Heilongjiang 1 0.00

Jilin 3 0.33

Liaoning 1 0.00
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which have a market degree of 3. In addition, betweenness centrality can be used to find markets
that serve as a bridge from one part of the graph to another, which is considered an important and
useful measure of the market’s centrality in the MST (Sieczka and Holyst, 2009). Shandong has the
largest betweenness centrality, while Zhejiang and Guangdong rank second and third, respectively.
Based on the previous analysis, the hog market in Shandong plays an important role in the national
hog market and can be called the price setter, and the hog markets in eastern China can be regarded
as a pricing region, with the strongest market power in the national hog market. Thus, the hog
markets in eastern China, especially in Shandong, set the general trend for the national hog price.

Sichuan, the largest hog producer with the most breeding farms (households), only has a degree
of 1 and betweenness centrality of 0, which places Sichuan at the fringe of the MST. This finding
suggests that the hog market in Sichuan has weak pricing power, which means that it is a price
follower, whereas Shandong, only the fourth largest hog producer, is the price setter. The reasons
for this situation are that the influence of a hog market may depend on not only hog production
and the number of breeding farms (households) but also the large-scale hog-breeding level, geo-
graphic location, per capita income, and many other factors.

First, the large-scale hog-breeding level in Sichuan is far lower than that in Shandong.
According to data from the China Animal Husbandry and Veterinary Yearbook 2015
(Editorial Committee of China Animal Husbandry and Veterinary Yearbook, 2016), although
the number of hog-breeding farms (households) and the scale of pork production in Sichuan
are the largest in China, accounting for 15.49% and 9.30% of the total, respectively, large-scale
farms (households) owning more than 500 hogs account for only 0.22% of the total in
Sichuan Province. The large-scale hog-breeding level of Sichuan is the lowest in the 20 provincial
hog markets. In contrast, the number of hog-breeding farms (households) in Shandong is approx-
imately 1/7 of that in Sichuan, but 11,688 large-scale hog-breeding farms (households) in
Shandong own more than 500 hogs in Shandong, which is many more than in Sichuan; therefore,
the large-scale hog-breeding level in Shandong is approximately 70% higher than that in Sichuan.
Because a higher large-scale hog-breeding level of the hog market means stronger market power,
Shandong has greater market power than Sichuan.

Figure 2. Minimal spanning tree for the full sample.
Note: Symbols of the provinces are coded in terms of
districts as follows: eastern China (#), southern China
(☆), central China (*), southwestern China (○), northern
China (◊), northeastern China (△).
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Furthermore, Shandong’s geographic advantage is considerably greater than that of Sichuan.
Although Sichuan is adjacent to seven provinces/municipalities/autonomous regions, these are
mainly located in northwestern and southwestern China. These regions, in which the per capita
income level is lower, belong to neither the major hog-consuming nor the major hog-producing
areas; therefore, it is impossible for these regions to demand a large amount of pork. In contrast,
Shandong is located in eastern China, which is the most economically developed area, and the
provinces/municipalities adjacent to Shandong belong to either a major hog-producing area or a
major hog-consuming area. The higher per capita income level and the better geographic
location trigger a greater domestic hog trade and circulation; as a result, Shandong attracts more
attention from the other regions than Sichuan. These potential factors place Shandong at the
center of the MST.

5. The evolution of national hog market integration
Because of the influences of farming practices, policies, environmental conditions, and many other
factors, the integration of the national hog market and the market power of hog markets in
different provinces/municipalities/autonomous regions can change over time. Because the
Pearson correlation coefficient is the foundation of constructing an MST, we apply the time-
varying characteristics of the Pearson correlation coefficients by using the rolling time window
method to reflect the dynamic evolution of the hog market. It is worth mentioning that the
Pearson correlation coefficient captures the linear comovement of hog prices, so the Kendall rank
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Figure 3. Time-varying mean, variance, skewness, and kurtosis of the correlation coefficients.
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correlation coefficient considering both linear and nonlinear relationships could be a theoretically
superior measure for constructing an MST to study the market integration (e.g., Fousekis
and Grigoriadis, in press). However, because of the similar trends of hog prices in different
provinces/municipalities/autonomous regions of China (Pan and Li, 2015; Wu, 1999), using the
Pearson correlation coefficient to study hog market integration in China is still a valuable attempt.
Here, mean(t), var(t), ske(t), and kur(t) are defined as the varying mean, variance, skewness, and
kurtosis of the correlation coefficients:

mean t� � � 2
N�N � 1�

X
�i;j� ρ

T1
ij �t�; (3)

var t� � � 2
N�N � 1�

X
�i;j� ρ

T1
ij t� � � ρT1 t� �

h i
2
; (4)

ske t� � � 2
N�N � 1�

X
�i;j� ρ

T1
ij t� � � ρT1 t� �

h i
3
=var3=2�t�; (5)

kur t� � � 2
N�N � 1�

X
�i;j� ρ

T1
ij t� � � ρT1 t� �

h i
4
=var2�t�; (6)

where ρ
T1
ij t� � is the Pearson correlation coefficient between markets i and j in a time window

[t, t + T1] and T1 is the window width. Here, we set T1=24 months and window step length =
1 month.

Figure 3 presents the time-varying mean, variance, skewness, and kurtosis of the Pearson
correlation coefficients. As shown in Figure 3, the integration of the national hog market has in-
creased since 2000; after 2012, it remains steady at a relatively high level of approximately 0.9. The
variance in the correlation coefficient continues to decline, and after 2012, it reaches a very low
level, close to zero. The correlation between the mean and variance is significantly negative, at
0.9789. Similarly, the correlation between skewness and kurtosis presents a negative relationship
with a correlation coefficient of 0.2818. A higher mean and lower variance indicate that the na-
tional hog market is becoming more strongly integrated and that the links between the hog mar-
kets in provinces/municipalities/autonomous regions are becoming more stable. The results
suggest that the national hog market is seeing strong improvements in efficiency. Thus, hog mar-
ket liberalization reform has had remarkable effects in China. In addition, although the Chinese
government initiated a pork reserve policy with the purpose of stabilizing hog market price
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Figure 4. Normalized tree length of the time-varying minimal spanning tree.
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volatility in 2009, the policy seems to have a slight negative influence on hog market integration.
This can be explained by the extremely low proportion of pork reserved by the Chinese govern-
ment within total pork production, given that China has the highest pork production in the world
and the difficulty of pork preservation.

Another method to reveal the evolution of the national hog market is the dynamic measure of
the normalized tree length, which is defined as

L t� � � 1
N � 1

X
eij2MST

eij; (7)

where L(t) is the normalized tree length, N − 1 is the number of edges in the MST, and eij is the
edge in the MST. Generally, the greater the decrease in the normalized tree length, the more in-
tegrated the national hog market is. Figure 4 shows that the normalized tree length decreases grad-
ually. This finding indicates that the correlation between markets is more stable. Thus, different
dynamic measures reach a uniform conclusion suggesting that as integration of the national hog
market strengthens, the distances between the hog markets shortens, and the relationship between
the hog markets grows increasingly close.

We next test whether there are structural breaks in the evolution of national hog market inte-
gration. The unit root test results (see Table 4) of the normalized tree length show that L(t) has a
unit root, so we use the unit root test with structural breaks (Clemente, Montañés, and Reyes,
1998) to explore the structural breaks in the normalized tree length. The empirical results reveal
that the normalized tree length had a significant structural break in April 2007. To ensure the
robustness of the empirical results, the article applies the same method to test the structural
breaks of the time-varying mean and variance of the correlation coefficients, and these tests
produce uniform conclusions. Therefore, we divide the sample into two periods: period 1,
2000.1–2007.3; and period 2, 2007.4–2016.6.

To illustrate the change in the correlation structure of the hog markets in the two periods, we
give the MSTs and two market power indicators for each period. As shown in Figure 5, in the first
period, the degree of integration in the national hog spatial market is lower, and the relationship
between hog markets is unclear. According to the betweenness centrality in period 1 (see Table 5),
the only consistent result is that the hog market in eastern China occupies the most important
position in the national hog market because the provinces with the two top values for betweenness
centrality are Jiangsu and Shandong, located in eastern China. Sichuan ranks third, which means
that Sichuan had certain pricing power before 2007 but subsequently gradually lost that mar-
ket power.

As shown in the MST for the second period in Figure 6, the MST from top to bottom shows a
geographic distribution from the south to the north of China with a strong geographic agglom-
eration effect (see Figure 1). With respect to intraregional hog market integration, Guangxi and
Hainan are linked to Guangdong in southern China, and Liaoning and Heilongjiang are linked to
Jilin in northeastern China. In addition, all the hog markets except one are linked together in other
regions. This condition suggests that intraregional hog spatial market integration is extremely
high, especially among the hog markets in northeastern and southern China. With respect to in-
terregional hog market integration, the hog markets in southern China and southwestern China
are linked with those in central China, and the hog markets in northeastern China and northern

Table 4. The augmented Dickey-Fuller (ADF) unit root test of normalized tree length

Variable ADF Test Statistics P Value 5% Critical Value

L(t) −2.1220 0.2364 −2.8782

ΔL(t) −18.3258 0 −2.8782
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China are each connected to those in central China, which are in turn linked to those in eastern
China. Therefore, the integration of the national hog market strengthened greatly during the sec-
ond period.

As shown in Table 5, the top five measurements of betweenness centrality in the second period
are recorded for Jiangsu, Hunan, Shandong, Anhui, and Henan, which are mostly located in east-
ern China; therefore, the hog markets in eastern China play an important role in the national hog
market. Specifically, the market power of the hog market in Jiangsu has weakened, whereas the
market power of the hog markets in Shandong and Anhui has strengthened since the structural

Figure 6. Minimal spanning tree for period 2.
Note: Symbols of the provinces are coded in terms of dis-
tricts as follows: eastern China (#), southern China (☆), cen-
tral China (*), southwestern China (○), northern China (◊),
northeastern China (△).

Figure 5. Minimal spanning tree for period 1.
Note: Symbols of the provinces are coded in terms of
districts as follows: eastern China (#), southern China
(☆), central China (*), southwestern China (○), northern
China (◊), northeastern China (△).
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break. Therefore, the hog markets in eastern China have consistently been the most influential
markets, especially the hog market in Shandong, which plays an important role in the national
hog market. Thus, the hog markets in eastern China, especially in Shandong, can reflect changes in
the national hog price. Similarly, Liu et al. (2016) showed that the hog production and consump-
tion of the eastern coastal region have a significant influence on the spatial distribution pattern of
national hog prices, supporting our result that the hog markets in eastern China are the pricing
center of the national hog market.

In addition, the influence of hog markets in Hunan and Henan has increased significantly,
which can be further verified by the locations of Hunan and Henan in Figure 6. As shown,
the hog market in Henan is a bridge connecting hog markets in northeastern China and northern
China with hog markets in eastern China; meanwhile, the hog markets in southern China and
southwestern China are linked to those in eastern China through the hog market in Hunan.
As a result, the hog markets in Hunan and Henan also occupy an important strategic position
in the national hog market because Hunan and Henan are the main domestic hog producers
and exporters in the southern and northern regions, respectively.

Therefore, the market power of hog markets in eastern and central China has increased sig-
nificantly compared with that in the first period. These hog markets play an important role in the
national hog market, as evidenced by the fact that the hog markets in eastern and central China are

Table 5. Measurement results of hog spatial market integration in different periods

Region
Province/Municipality/
Autonomous Region

Period 1 (2000.1–2007.3) Period 2 (2007.4–2016.6)

Degree Betweenness Degree Betweenness

East China Shandong 3 0.3895 3 0.4737

Jiangsu 5 0.7053 3 0.5579

Anhui 1 0.0000 2 0.4632

Zhejiang 2 0.0947 2 0.0947

Fujian 2 0.2526 1 0.0000

Shanghai 2 0.0947 1 0.0000

South
China

Guangdong 2 0.1789 4 0.2684

Guangxi 1 0.0000 1 0.0000

Hainan 1 0.0000 1 0.0000

Southwest
China

Sichuan 2 0.3158 1 0.0000

Central
China

Hubei 2 0.3684 1 0.0000

Hunan 3 0.2632 5 0.5211

Henan 1 0.0000 3 0.4000

Jiangxi 1 0.0000 1 0.0000

North China Beijing 1 0.0000 1 0.0000

Tianjin 1 0.0000 1 0.0000

Hebei 2 0.0947 2 0.0947

Northeast
China

Heilongjiang 1 0.0000 1 0.0000

Jilin 3 0.2632 2 0.0947

Liaoning 2 0.0947 2 0.1789
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in the center of the MST and have the highest betweenness centrality. In contrast, the hog markets
in southern China, northern China, and northeastern China are on the fringe of the MST, which
suggests that the hog markets in these regions have weak market price influence.

6. Robustness of the market relationships
This section examines the robustness of the market relationships over time using the frequency of
the links. We calculate the frequency of the links in a full sample and subsample MST for those
links also appearing in the time-varying MSTs. In Section 5, a moving window is specified with a
width of 24 months, and 174 MSTs over time are computed because of the total sample size of 197.

To test the robustness of the links in the full-sample MST, we count the number of times each link
appears in the 174 MSTs. Generally, the 20 markets have 189 possible links in the market. According
to our statistics, only 1 link (Shandong-Fujian) does not appear in the moving MSTs, whereas
188 links do appear in the 174 MSTs with different frequencies. Specifically, the highest frequency
(31%) link is Hebei-Henan, whereas the lowest frequency (1%) link is Shandong-Fujian. The mean
frequency of all links is approximately 10%, and the frequency of only 70 links is higher than the
mean frequency. In 70 links, a frequency of only 1 link is above 30%, a frequency of 10 links is be-
tween 20% and 30%, a frequency of 20 links is between 15% and 20%, and a frequency of 39 links is
between 10% and 15%. These results show that the links among the 20 hog markets are unstable and
complex. Thus, it is even more difficult and important to find the key links among the hog markets.

Figure 7 presents the frequency of the links in descending order, and the results imply that the
relationships between different hog markets are not constant because of changes in technology,
policy, the economic environment, and other factors. The frequency of only 5 links is lower
than the mean frequency, whereas the others are higher than the mean frequency. The top 6
of the 189 links in terms of frequency are Hebei-Henan, Sichuan-Hunan, Hainan-Guangdong,
Heilongjiang-Jilin, Guangxi-Guangdong, and Jilin-Tianjin. These results show that the links of
the 20 hog markets are robust. Specifically, the links among 3 hog markets in southern China,
the link between northeastern China and northern China, the link between southwestern
China and central China, the link between northern China and eastern China, and the link be-
tween southern China and eastern China are relatively robust, whereas the links between northern
China and eastern China are unstable.

0.04 0.08 0.12 0.16 0.20 0.24 0.28 0.32
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Heilongjiang-Jilin

Guangxi-Guangdong

Jilin-Tianjin

Shangdong-Tianjin

Liaoning-Hebei

Shandong-Jiangsu

Jilin-Hebei

Anhui-Jiangsu

Shandong-Zhejiang

Hunan-Guangxi

Jiangxi-Shanghai

Shandong-Beijing

Hunan-Shanghai

Zhejiang-Guangdong

Hubei-Zhejiang

Hunan-Fujian

Links

Frequency

Figure 7. Frequency of the links in the full-sample minimal spanning tree.
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Figure 8 shows the frequency of the links in the second-period MST for those links appearing in
the time-varying MSTs. As shown in Figure 8, the links between the hog markets have become
more stable than those in the first period. The relationship robustness of the hog markets is higher
in the second period, as evidenced by the fact that the frequency of 19 links is higher than the
mean frequency (10%).

7. Conclusions and implications
This study provides a new perspective that can be used to identify national hog market integration.
After constructing the MST, we analyze the relationships between different hog markets, which
hog markets behave as price setters and which simply follow others, how the national hog spatial
market integration evolves over time, whether there are any structural breaks in the integration
process of the national hog market, and whether the empirical results are robust. Consequently,
new conclusions have been drawn.

First, the integration of the national hog market has strengthened gradually, reaching a high
stable level. This change indicates that hog market liberalization reform has had significant effects
on increasing market efficiency and that the pork reserve policy has had a slight negative influence
on hog market integration.

Second, geographic distance is a primary factor affecting hog market integration. The correla-
tion structure of the hog markets shows strong geographic agglomeration effects. Specifically, the
hog markets in all regions (except central China), and especially in southern China, are closely
linked. Moreover, the hog markets in northeastern China and northern China, the hog markets in
southwestern and central China, and the hog markets in northern/southern/central China and
eastern China are linked together.

Third, because of the influence of the external environment, particularly factors such as tech-
nology, the economy, and policy, national hog spatial market integration in China experienced a
structural break point in April 2007. Before April 2007, the intraregional and interregional hog
spatial market integration was weak, with a low degree of national hog market integration,
whereas after that date, national hog spatial market integration significantly increased, showing
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Figure 8. Frequency of the links in the second-period minimal spanning tree.
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a strong geographic agglomeration effect, as evidenced by the fact that the MST from top to
bottom shows the geographic distribution from the south to the north of China.

Fourth, the results based on both all-sample data and subsample data analysis show that the
hog markets in eastern China, especially in Shandong, are the pricing center of the national hog
market. This result is relatively robust. The comparisons are analyzed before and after the struc-
tural changes of the national spatial market integration in China, revealing that the market price
influence power of the hog markets Hunan and Henan in the central region has improved since
2007, and Hunan and Henan have become the key provinces linking the other regions to eastern
China. The hog market in Sichuan, which is China’s largest hog producer, had a certain pricing
power before 2007 but then lost this market power gradually and was ultimately located at the
fringe of the MST; this means that Sichuan is a price follower because the pricing power of
hog markets in China depends on not only the number of breeding farms (households) and
hog inventory but also the large-scale breeding level, geographic location, per capita income,
and many other factors.

Fifth, robust test results show that the links between different hog markets given by the
all-sample MST are relatively stable. Among them, the links between three hog markets in south-
ern China are the most stable, and the links between the regional hog markets, except for the link
between central China and eastern China, are also stable. Compared with the results based on an
all-sample data analysis, the links given by the second-period MST are much more robust. This
finding suggests that relationships between the hog markets become more stable as the integration
of the national hog market becomes stronger.

Based on these conclusions, the policy suggestions are given as follows:

1. The government should monitor and publish the key information influencing the national
hog price in eastern China (especially in Shandong), Hunan, and Henan, such as hog
inventory, inventory of farrowing sows, and the number of piglets. These data can help
breeding farms (households) understand and anticipate the present and future trends in
national hog prices. Meanwhile, the price changes in those hog markets closely linked
by the MST should be understood by the breeding farms (households) so that they can
determine a reasonable breeding scale and thereby reduce their market risk given the
expected hog price changes.

2. The first choice of an area to implement a price regulation policy, such as a pork reserve
policy, should be eastern China, and Shandong can be taken as a priority. In this way, the
policy’s effect will be transmitted from eastern China to the other regions, and the costs of
the policy can be reduced by avoiding the implementation of the same policy repeatedly in
different regions.

3. The highly integrated national hog market shows that the price comovement of hog markets
in different provinces/municipalities/autonomous regions has been enhanced, suggesting
that systemic risk in the national hog market has increased significantly. Therefore,
cooperation among provincial governments should be strengthened by promoting domestic
hog circulation and combining policy regulations and market mechanisms to prevent the
excessive volatility of hog prices. These measures can guarantee the income of breeding
households and promote the healthy and sustainable development of the hog industry.

The analysis in this article focuses on the Chinese hog market and can be extended in several
directions. First, we build the MST based on the Pearson correlation coefficient reflecting only the
linear relationships of the hog prices, so building the MST based on other general measures that
can capture not only linear but also nonlinear comovement, such as Spearman or Kendall rank
correlation coefficients, will be an interesting topic for future study. Second, our empirical findings
are specific to the Chinese hog market. It would be practicable to apply the research method to
other agricultural markets or other countries. Third, the feasibility of applying the cointegration
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model, threshold cointegration model, and copulas method to analyze the integration of numer-
ous markets remains to be examined with the development of computer and econometric
techniques.
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