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Abstract
Market integration is a key pre-condition for the efficient allocation of production factors and the maximization 

of economic welfare. Within this framework the aim of this research is to assess horizontal integration of the UE 
pork markets over time using panel models and weekly price series data. According to the spatial equilibrium 
model, market agents make trade decisions only when price differences exceed trade costs. Thus panel 
STAR models were used in this study. The obtained results confirmed nonlinear price adjustment in the EU 
pork markets. Price adjustments in central EU countries are stronger than in the peripheral countries and the 
strength of price convergence varies over time.
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Резюме
Пазарната интеграция е ключова предпоставка за ефективно разпределение на производствени-

те фактори и максимизиране на икономическото благосъстояние. В тази рамка целта на това изслед-
ване е да се оцени хоризонталната интеграция на пазарите на свинско месо в ЕС във времето, като 
се използват панелни модели и седмични данни за ценови серии. Според модела на пространстве-
ното равновесие пазарните агенти взимат търговски решения само, когато ценовите разлики надви-
шават търговските разходи. По този начин в това проучване са използвани панелни STAR модели. 
Получените резултати потвърдиха нелинейна корекция на цените на пазарите на свинско месо в ЕС. 
Корекциите на цените в страните от централния ЕС са по-силни от тези в периферните страни и си-
лата на конвергенцията на цените варира във времето.

Ключови думи: интеграция на пространствения пазар; пазар на свинско месо; Европейски съюз; 
панелни STAR модели

Introduction

Spatial integration of agricultural commodity 
markets is significant from an economic point of 

view. Without spatial market integration, no sig-
nals would be transmitted between the surplus 
and deficit regions, prices would be more volatile, 
specialization would not take place according to 
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the comparative advantage theory, while no po-
tential benefits of trade would be gained (Fackler 
and Goodwin, 2001; Donaldson, 2015). The the-
oretical background for assessing this phenom-
enon is provided by a spatial equilibrium model 
and spatial arbitrage, where trade is determined 
by price differences and trade costs. Arbitrage re-
fers to the purchase and sale of commodities in 
two or more markets in order to profit from their 
price differences. The spatial arbitrage deter-
mines the behavior of prices in accordance with 
the relative version of the law of one price (LOP). 
This means that there is a relatively constant rela-
tionship or difference between prices over time, 
resulting, inter alia, from the trade cost. 

Increased spatial market integration is evi-
denced by the intensification of trade, a reduction 
in trade costs and an increase in price co-move-
ment (Barrett and Li, 2001). The price co-move-
ment is the most frequently used approach to as-
sess spatial market integration. Price transmis-
sion and price convergence are regarded as man-
ifestations of the extent, to which supply and de-
mand shocks are transmitted between locations 
(McNew and Fackler, 1997; Fackler and Good-
win, 2001; Goldberg and Verboven, 2005). Dif-
ferent regions do not have to trade directly, it is 
enough if they are part of the same exchange 
network. It is generally accepted that the great-
er the price co-movement in different locations, 
the stronger the degree of integration of the ana-
lyzed markets. Dynamic econometric models are 
usually applied to study the spatial integration of 
commodity markets. These can be single-equa-
tion, multivariate or panel models. When speci-
fying the model an important role is also played 
by the assumed nature of price adjustments: lin-
ear vs. nonlinear (van Dijk et al., 2002; Ghoshray, 
2010).

Pig and pork markets are some of the most 
important commodity markets in the EU and in 
the world. The EU pig population in December 
of 2019 was nearly 148 million (Eurostat, 2020). 
The EU is the world’s second biggest producer of 
pork after China and the biggest exporter of pork 
and pork products in the world. However, in 2019 
around 19% of the total EU swine meat export 
value (fresh, chilled and frozen) constituted in-

tra-EU trade (Eurostat, 2020), which indicates a 
significant trade aspect of the EU pork market in-
tegration. Under specialization of production and 
the spread of ASF, intra-EU trade should play an 
even greater role in the future. According to the 
OECD-FAO Agricultural Outlook, average con-
sumption of pork meat per capita in the EU coun-
tries in 2019 was over 33 kg. To stress the impor-
tance to pork consumption in the EU it is worth 
stressing that in 2019 it constituted 48% of the to-
tal meat consumption (OECD/FAO 2020). 

Empirical research on spatial integration of 
the pork market in the EU has mainly focused on 
the assessment of price co-movements and their 
mutual adjustments. Serra and Gil (2005) stud-
ied price transmission processes within select-
ed EU pork markets after the implementation of 
the EU single market in 1993. Using the local lin-
ear regression (LLR) technique and the thresh-
old autoregressive model (TAR) they proved ex-
istence of nonlinear price transmission between 
major EU players. Physical distance, trade vol-
ume and flow of information were the main fac-
tors explaining the strength and nature of price 
adjustments. Liu (2011) using threshold error cor-
rection models proved symmetric cointegration 
of the Finish pork price with Danish and Ger-
man prices. He concluded that the speed of price 
transmission is still slow compared to that be-
tween the Danish and German markets. In turn, 
Grigoriadis et al. (2016) used the R-vine copu-
la approach to explain market integration in the 
EU pork markets. Their findings suggest region-
alization of pork markets in the EU and asym-
metric price adjustments. Holst and von Cra-
mon-Taubadel (2013) using vector error correc-
tion models (VECMs) analyzed the effects of EU 
eastern enlargement on the integration of pork 
markets in the EU. They showed that the speed 
of price transmission is positively related to the 
volume of pork trade between countries; how-
ever, physical trade is not a necessary condition 
for cointegration and price transmission. Fouse-
kis and Grigoriadis (2019) confirmed that the 
strength of price co-movement is closely relat-
ed to the physical distance between national mar-
kets. Holst and von Cramon-Taubadel (2013) also 
indicated that pork prices in the new EU mem-
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ber states adjust more rapidly to price changes 
in the EU–15 rather than vice versa. Hamulczuk 
and Stańko (2013) using the Granger causality 
test and the VAR model confirmed that pig pric-
es in Poland are determined mostly by the situa-
tion on foreign markets. Impulse response func-
tions show that in the long-run only around 30% 
of the Polish pig price variation depends on do-
mestic conditions. 

The aim of this study was to assess the na-
ture of spatial integration on the pork market in 
the EU countries in 2005–2020. For this purpose 
nonlinear panel smooth transition autoregressive 
(STAR) models were used, which until now had 
not been used in this type of research.

Material and methods

To assess spatial integration of the pork mar-
ket in the EU, weekly time series of prices for 
pig carcasses in class E (which is the most repre-
sentative class of pork meat) in 21 EU countries 
were used (Figure 1). The series covered the pe-
riod from January 2005 to May 2020 (803 ob-
servations). Due to the incompleteness of price 

data, the study did not include a few countries. 
For example, Bulgaria, Romania and Croatia 
were omitted as their quotes are only available 
from 2007 or 2013. On the other hand, the quota-
tions of pork prices in class E for Italy (which is 
one of the key producer and consumer of pork in 
the EU) unavailable since 2017. 

Panel models based on logarithmic variables 
were used to provide an empirical evaluation of 
spatial integration in the EU pork market. This 
approach facilitates a simultaneous analysis of 
the strength and nature of mutual price adjust-
ments in a large number of countries. The lin-
ear panel model used for assessment of price con-
vergence can be written as follows (Levin et al., 
2002):

 
, 			   (1)

where  is a price in country  in 
time ,  are specific effects for coun-
tries resulting from the impact of factors not in-
cluded in the model,  are common time effects, 

 are the individual trends, and  are the co-
efficients for a lagged dependent variables add-

Fig. 1. Weekly prices of pork in the EU countries (Euro/100 kg)
Source: The author’s study based on European Commission data.
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ed for the elimination of autocorrelation of a ran-
dom component (for lag j = 1, …, p),  is a ran-
dom term. Parameter  determines the speed of 
price convergence and thus strength of market in-
tegration.

For the sake of simplicity, this model can also 
be written in terms of price series deviations 
from average prices in the EU (this role is played 
by specific effects adjusted for common and in-
dividual time effects): . 
Variable  can be regarded as an approxima-
tion of deviations of prices in country i from their 
long-run equilibrium. Then the model 1 can be 
transformed to the following equation: 

. (2)

Coefficient ρ shows the pace of price conver-
gence to the long-run equilibrium state. Howev-
er, in line with the price arbitrage theory and the 
spatial partial equilibrium model (Samuelson, 
1952), price adjustments are expected to depend 
on the size of the deviations from the long-run 
equilibrium state. That is, with small price devi-
ations, there are no incentives for arbitration or 
they are weaker than with large deviations. This 
suggests the use of three-regime non-linear TAR 
or STAR models (van Dijk et al., 2002). Due to 
the fact that the TAR model is one of the special 
cases of the quadratic or exponential STAR mod-
el, only the latter ones were considered for use in 
the study. The panel STAR model can be written 
as follows:

 
       (3)

where:  are parameters determin-
ing the price adjustment speed, and ),;( cltSF  
is a transition function from interval (0,1). The 
price adjustments are non-linear and are repre-
sented by the weighted average of the parame-
ters and the estimated transition function ρ1F + 
(1 - ρ2)F. This function depends on parameter λ 
controlling smoothness of transition between 
regimes, vector c containing the threshold pa-
rameters and transition variable St (in our case 
it is ). In this study the exponential STAR 
model (ESTAR) was used, which is equivalent 
to the use of the exponential transition function

2)(1),;( cS
t

tecSF −−−= ll .

It is worth noting that the prices deviations of 
 in individual countries may be characterized 

by a different variance, e.g. depending on the lo-
cation of the country. In order to eliminate this 
influence, before the final estimation of panel 
ESTAR models, the  variables for individual 
countries were standardized. Overall, the study 
followed a two-step approach. In the first step 
Rit was calculated as the residuals from the lin-
ear panel model with only deterministic variables 
(fixed effects, time effects, individual trends). In 
the next step these residuals were standardized 
and then panel ESTAR models were estimated 
on their basis using optimization procedures.

Results

The price adjustment studies were conducted 
for four-year sub-periods. This separation can be 
justified by the fact that over time, the costs of 
trade or the export position of individual coun-
tries (a net exporter may become a net importer) 
may change over time. This division facilitates 
the analysis and enables the assessment of chang-
es in the strength of market integration over time. 
For this purpose  values were calculated for 
each sub-sample, which was standardized in the 
next step.

The standard deviations of the raw  vary 
considerably between countries (Figure 2). The 
highest deviations of prices from the long-run 
equilibrium state are observed in the periph-
eral countries, which results from the increase 
in trade costs along with the distance from the 
benchmark (the average EU price). In addition, 
the deviations differ between sub-periods in each 
country, which further justifies the division of 
data into sub-samples.

In the next step, the linear panel and non-lin-
ear panel ESTAR models were estimated for in-
dividual sub-periods according to formulas 2 
and 3. In the latter case, optimization procedures 
were used. The results of the research are pre-
sented in Figures 3–5. The horizontal axis shows 
the price deviations from the equilibrium state, 
while the vertical axis shows the rate of price ad-
justments to the long-run equilibrium state (coef-
ficient ρ and component ρ1F + (1 - ρ2)F). 

λ

λ λ
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Figure 3 shows coefficient ρ for the linear 
model (horizontal line) and component (ρ1F + (1 
- ρ2)F) for the ESTAR model. Both show the rate 
of price adjustments depending on the distance 
from the long-run equilibrium state Rit. It is worth 
noting that the estimates presented there were ob-
tained for standardized data. Therefore estimates 
are common for all the countries. It can be not-
ed that the fastest price convergence according 
to the linear model took place in 2009–2012 (ρ = 
0.141), while it was the weakest in 2017–2020 (ρ = 
0.064). The reasons for the decline in market in-
tegration in recent years include uncertainty re-
lated to the outbreak of the ASF epidemic in Eu-
rope and in the world (Jongeneel et al., 2020).

This figure, however, suggests that the pace 
of price convergence depends on the size of the 
shock causing the price disequilibrium. When 
deviations from the equilibrium state are small 
enough (close to zero), price adjustments are 2–3 
times weaker than for large price deviations. It 
can be noticed here that as we move away from 
the long-run equilibrium state, the strength of 
price convergence increases, which on theoreti-
cal grounds is justified by the growing possibili-
ties of arbitration. The shape of the price adjust-

ments revealed in component ρ1F + (1 - ρ2)F in the 
ESTAR model confirms the functioning of the 
EU pig market in accordance with the theoretical 
foundations of arbitration and the spatial equilib-
rium model. The occurrence of price adjustments 
with very small deviations from the equilibrium 
might be due to imperfect data and the method 
used, or market linkage resulting from informa-
tion flows. 

The non-linear adjustments being a function 
of disequilibrium levels presented in Figure 3 
may be treated as average paths of price conver-
gence in all the analyzed countries. In order to 
calculate the adjustments in individual countries, 
the standardized deviations were re-standardized 
by multiplying the standardized Rit by the stan-
dard deviations contained in Figure 2. After such 
adjustment, it can be seen that the pace of adjust-
ments of domestic prices to the average prices in 
the EU differs significantly between countries 
(Figure 4). This is evidenced by the large disper-
sion in the position of the ρ1F + (1 - ρ2)F com-
ponent for the same level of price deviation ob-
served in different countries. The weakest price 
adjustments (see external points) are observed in 
such countries as Greece, Finland, Sweden and 

 
0 0,02 0,04 0,06 0,08 0,1

Greece
Finland

Sweden
U.K.

Spain
Portugal

Latvia
Poland

Lithuania
Estonia
France

Belgium
Netherlands

Ireland
Denmark
Slovakia
Czechia

Hungary
Slovenia

Germany
Austria

2017-2020

2013-2016

2009-2012

2005-2008

Fig. 2. Standard deviations for raw  in 21 EU countries 
Source: The author’s study.
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the UK. The strongest price adjustments (in-
ternal points) are found in the centrally located 
countries, e.g. Austria and Germany. Overall, 
the countries with the weakest price adjustments 
are those where standard deviations (see Figure 
2) are greatest, while the strongest price adjust-
ments are seen in those countries with the lowest 
standard deviations.

In order to more accurately depict the essence 
of price adjustments depending on the disequilib-
rium magnitude, only a few countries for 2017–
2018 were included in Figure 5. It can be seen 
that the same pace of price convergence (ρ1F + 
(1 - ρ2)F)) to the long-run relationship is observed 
at a different level of deviations (one could also 
compare the convergence coefficients in differ-
ent countries for the same deviation from equilib-
rium). For example, the 10% adjustment rate per 

week ((ρ1F + (1 - ρ2)F) = 0.10) in the case of Fin-
land occurs when deviations from the long-run 
equilibrium is 16% (Rit = 0.16). For Austria the 
same speed of price adjustment is noticeable only 
for the 3% disequilibrium (Rit = 0.03). Thus, it can 
be concluded that price adjustments differ signif-
icantly between countries and the main factor in-
fluencing market integration seems to be related 
with the physical distance between the countries 
studied. Hence, the outcomes of this study con-
firm results obtained by Serra and Gil (2005) as 
well as Fousekis and Grigoriadis (2019).

Conclusions

Research based on panel models has shown 
that the strength of price adjustments varies over 
time. The strongest price adjustments were ob-
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Fig. 3. Linear and non-linear adjustments of prices to the long-run market equilibrium in the EU
Source: The author’s study.
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served in 2009–2012 while the lowest in 2017–
2020. The decline in the strength of the EU pork 
market integration in 2017–2020 may have been 
caused by the outbreak and spread of ASF world-
wide.

The results obtained from panel ESTAR mod-
els indicate a non-linear pork price convergence. 
Along with the increase in price deviations from 
the long-run equilibrium state, the rate of price 
adjustments increases, which is consistent with 
the theoretical premises of the spatial equilibri-
um model. The approach adopted in the research 
has shown that in fact price convergence in in-
dividual countries depends on their physical dis-
tance relative to the benchmark market. The 
price adjustments in the central countries were 
stronger than in the peripheral countries for the 
same price deviations from their long-run equi-
librium. This confirms that the distance between 
locations and the related arbitration opportunities 
play a key role in the spatial integration of EU 
pork markets. 

However, the conducted research has some 
weaknesses. First of all, it is a simple and two-
step estimation method of the panel ESTAR 
model based on optimization algorithms. Sec-
ondly, the performed standardization of data in 
individual countries was based on price devia-
tions from the long-run equilibrium state. In sub-
sequent studies it is worth considering other stan-
dardization algorithms, e.g. based on those used 
in the LLC test (see Levin et al., 2002).
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