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This paper presents price transmission models explaining the farm-to-retail price spread and degree of 
competition in the meat marketing chains during the period of economic transition in Slovenia. The meat 
marketing chains in Slovenia are characterised by relatively large processing and marketing margins, which 
are expected to decline with market deregulation and integration into the international markets. As results 
of the economic restructuring and policy reforms, competitive market pressures in a marketing margin de-
termination have increased, inducing pressures for efficiency improvements in the vertical market integra-
tion from the farm to the retail stage in the Slovenian meat sector. Co-integration models are applied to 
estimate vertical market integration and to assess the degree of price competition in the Slovenian beef and 
pork marketing chains. The tested econometric models confirmed the existence of the long run market inte-
gration in the meat chain and the speed of adjustment of price changes. Farm-gate meat prices are identified 
as weakly exogenous, indicating the crucial role of supply side processing and marketing factors in the re-
tail meat price determination. The results of structural tests suggest a long-run mark-up price strategy in the 
beef, and a competitive price strategy in the pork, chain as the outcome of policy reforms. The increased 
competitive market pressures are very likely to increase efficiency in the beef markets. Efficiency improve-
ments in the Slovenian food markets are needed in the increased competitive market pressures of the en-
larged European Union markets.
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nia, European Union enlargement

Introduction

Previous analyses of the food processing sector in 
Central and Eastern European (CEE) transition 

countries have focused on transformation and re-
structuring in the agri-food chain (e.g. OECD 
1998), policy- and other-induced transfers in the 
food chain (e.g. Ivanova et al. 1995, Swinnen 
1998), the budgetary implications for agricultural 
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markets and incomes (e.g. Baldwin et al. 1997, 
Tangermann and Banse 2000), and the relative 
competitiveness of agricultural and food products 
in the European Union (EU) and world markets 
(Eiteljörge and Hartmann 1999). These subjects 
have been analysed during the initial stage of tran-
sition and later during the adjustment process of 
agriculture and the food sector in CEE transition 
countries towards Common Agricultural Policy 
(CAP) in the EU.

This study was motivated by a relatively great 
difference in agricultural and food prices for ho-
mogenous products across countries and years 
(Bojnec and Swinnen 1997, OECD 1998, 2001, 
European Commission 2004). In competitive mar-
kets, price differences indicate quality differences, 
where products with higher prices should be of 
higher quality than cheaper ones (Stiglitz 1987). 
Since agricultural and food products are regarded 
as relatively homogenous, price differences among 
countries indicate distortions which are not caused 
by quality differences, but might be due to poten-
tial presence of market power, inefficiencies and 
policy distortions. The marketing margin might be 
influenced by market power or inefficient food 
chains. With shifting the CAP from market price 
supports towards direct payments, agricultural and 
food markets are exposed to greater market com-
petition. Market deregulation in CEE transition 
countries and its integration in the enlarged EU 
market under the increased competitive pressures 
likely cause adjustments in price structures. The 
increased competition is expected to reduce mar-
ket power and force farms, food processors and 
marketing firms to improve efficiency in the mar-
keting chain.

To analyse the sources of inefficiencies in pro-
tected markets it is particularly relevant to carry 
out empirical studies, which specifically deal with 
the potential presence of market power. In the pre-
vious studies (Bojnec and Swinnen 1997, OECD 
1998, 2001, European Commission 2004) Slove-
nia was recorded as a country with the highest ag-
ricultural and food prices for homogenous prod-
ucts in comparison to other CEE transition coun-
tries. The objective of this study is to apply meth-
odological approaches and empirical techniques to 

identify the potential presence of market power in 
the Slovenian meat markets by analysing price 
transmission in the beef and pork marketing chains. 
Therefore, the policy relevance of our empirical 
results is of broader international interest. First, 
the level of government support to Slovenian agri-
culture and to the meat producers as measured by 
producer subsidy equivalents (PSE) is relatively 
high. It accounts for more than 40% of revenue 
(OECD 2001, MAFF 2002). Similar to the EU-15, 
this is mainly achieved by market price support 
measures. Due to higher domestic than world food 
prices, efficiency in consumption was reduced, 
which is consistent with the negative consumer 
subsidy equivalents (CSE) as an indication of con-
sumer taxation. Rather large farm-to-retail price 
spreads in the Slovenian meat markets are the re-
sult of distortional policy measures (Bojnec 1999), 
but might also be due to market power. As the 
Slovenian meat markets have been gradually ad-
justed towards accession to the EU, it is interesting 
to study the potential market changes and policy 
implications in meat markets arising from these 
adjustments. Second, in spite of the important pol-
icy relevance of imperfect competition to date, no 
study examines vertical market integration for 
CEE transition economies. Third, the article pro-
vides in-depth evidence on vertical market integra-
tion and on the magnitude and pattern in develop-
ment of the processing and marketing margin. This 
study is based on the assumption that price liber-
alization and market deregulation will be reflected 
by a more competitive and efficient price transmis-
sion. We use the multivariate Johansen (1988, 
1992) maximum likelihood (ML) co-integration 
approach to study long-run vertical price relation-
ships at the farm and retail stages, market integra-
tion effects and degree of competition. Within this 
approach we test whether markets are competitive, 
i.e., whether industries operate with constant mar-
gins. Additionally, exogeneity tests are applied to 
analyse the direction of price changes (farm-to-re-
tail or vice versa). The in-depth analysis and em-
pirical results are relevant to the Slovenian context 
of transition and integration into EU as well as for 
comparisons and lessons learned in general.
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This paper focuses on the Slovenian beef and 
pork markets, of which selected key figures are 
presented in the following. The production struc-
tures in the primary markets for cattle and hogs in 
Slovenia differ in the sense that most cattle is pro-
duced by a large number of small-scale individual 
farms (for example, 95% and 97% of total cattle 
production in 1997 and 2000, respectively), while 
hog production is pursued to a certain extent also 
on large-scale commercial farms (39% and 35%, 
respectively, of total hog production) (Table A1 in 
Appendix). The number of enterprises in produc-
tion, processing and preserving of meat and meat 
products is greater than the number of slaughter-
houses for cattle and hogs (Table A2). Besides 
slaughterhouses for cattle and hogs, there are also 
three poultry slaughterhouses. There is also some 
degree of specialization of slaughterhouses and 
meat processing enterprises to utilize economies 
of scale. Regarding the hog sector, there were elev-
en registered slaughterhouses, all of them also en-
gaged in cattle slaughtering. In comparison, there 
were 35 slaughterhouses for cattle. As market 
shares indicate, cattle slaughtering was less con-
centrated than hog slaughtering. In 2000, the shares 
of the four largest hog and cattle slaughterhouses 
accounted for 62% and 37%, respectively, while in 
the case of the six largest slaughterhouses, the 
shares were 89% and 48%, respectively. In relation 
to the small Slovenian population of about two 
million inhabitants the firm number is not an issue 
of special concern. Meat markets are fairly richly 
structured as there are often more than five firms 
competing in the market. Hog slaughterhouses 
seem to be more specialized to utilize economies 
of scale.1 Wholesale marketing of meat (beef and 

pork) is largely in the hands of slaughterhouses 
and meat processors. They are also the main ex-
porters and importers of cattle, hogs and meats. 
Retail trade in meat (beef and pork) is rather dis-
persed among different kinds of butchers, retail 
shops and supermarkets.

The next section of the article presents meth-
ods and data used focusing on the theoretical back-
ground on market integration and price competi-
tion, and the methodology and data used in the 
empirical analysis. Following this, we present em-
pirical procedures and results of the estimated unit 
root tests, the multivariate Johansen ML co-inte-
gration results for market integration and the de-
gree of market competition. The final section sum-
marizes the main empirical results and draws main 
conclusions.

Methods and data

Theoretical framework on market integra-
tion and price competition

The relationships in the meat chain are investigat-
ed by comparing retail meat prices and farm-gate 
prices within a linear model. The difference be-

1 In the meat processing sector, there has been an ur-
gent need for adjustments on the developments in the im-
plementation of EU quality and sanitary standards as part 
of the acquis communautaire or higher veterinary, hy-
giene, sanitary, environmental, grading and quality re-
quirements. The slaughtering of cattle by households is 
forbidden, while slaughtering of hogs is allowed for the 
home consumption needs of households. According to the 
Slovenian meat market, balances of the slaughtering of 
hogs at the agricultural households, including on the large 

commercial farms, was 30% in 1992 and 22% in 2000 of 
total domestic hog production. However, the slaughtering 
of hogs by the households varied by individual years. For 
example, it was around 31% in the period 1993–1995, 
32% in 1996, 27% in 1997 and in 1998, and 25% in 1999. 
Yet, it increased in 2001 (31%), declined in 2002 (25%), 
and again increased in 2003 (33%). These patterns over 
time capture a combination of economic and policy chang-
es, including changes in slaughtering regulations. As the 
slaughtering of hogs on the commercial farms is rare, most 
of the hogs’ slaughtering is by family farms or individual 
agricultural households. Besides agricultural households, 
final consumers of pork from the slaughtered hogs in the 
individual agricultural households are likely also their 
relatives, friends and tourists at tourist farms. While no 
exact percentage is available, most of pork produced by 
small-scale family farms is used for home consumption.
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tween a retail price (Pr) and a farm gate price (Pf) 
is the processing and marketing margin (M). The 
vertical price relationship can be described as:

Pr = M + Pf. (1)

The margin (M) can generally be seen as a lin-
ear combination of a constant absolute amount (a) 
and a percentage (mark-up) amount (b) of the re-
tail price (e.g. Tomek and Robinson 1995, Jumah 
2000):

M = a + bPr, (2)

with a ≥ 0 and 0 ≤ b <1 .
Under perfect competition b equals zero (b = 

0) and the margin is constant (M = a), which de-
notes marginal cost.2 The difference between the 
product margin and the marginal cost can be inter-
preted as an indicator of monopolistic power. 
When exercising market power, the meat proces-
sors and meat traders influence margins in such a 
way that it will be above marginal costs by charg-
ing mark-up in an amount 0 < b < 1 of the retail 
price. By substituting equation (1) into (2) it leads 
to:

Pr = a + bPr + Pf (3)

or

Pr =
  1 

a +
  1 

Pf. (4)
 1 – b  1 – b

If a market is perfectly competitive there is no 
percentage mark-up in the market, i.e. , b = 0, and 
hence only a constant absolute margin remains in 
equation (4):

M = a = Pr – Pf. (5)

Equation (4) can be rewritten in the reduced 
form as:

Pr = â + b̂Pf (6)

with â =
  1 

a and
 
b̂
 
=

  1 
.

 1 – b  1 – b 
If Pr and Pf are non-stationary, the tested rela-

tionship can be described as:

Pr,t = â + b̂Pf,t + εt (7)

where εt must be stationary if the above tested 
model is true in the long run. If the two prices are 
only linked by a constant absolute margin, then  b̂ 
has to be equal to unity (b̂ = 1). If b̂ ≠ 1, one can 
assume that the margin consist of two components: 
a constant absolute amount (â) and a percentage 
amount (b̂) of the retail price. In this case it can be 
assumed that intermediate traders and/or retailers 
charge a mark-up.

Methodology
To test the number of unit roots in each time data 
series, we applied the Augmented-Dickey-Fuller 
(ADF) Test (Dickey and Fuller 1979, 1981) and 
the Phillips-Perron (PP) Test (Phillips 1987, Phil-
lips and Perron 1988). Since monthly data are 
used, seasonal unit roots can occur. The zero fre-
quency unit root tests including 12 lags were used 
to capture seasonal structures.

Long-run vertical price relationships and reac-
tions to deviations to the long run equilibrium in 
the Slovenian beef and pork markets are investi-
gated using the multivariate Johansen (1988) ML 
co-integration approach, which allows testing for 
the presence of multiple co-integrating vectors and 
the speed of adjustment parameters. In the long 
run, we expect the equilibrium price relationships 
in the form of a co-integrating equilibrium rela-
tionship and a co-integrating vector to describe the 
speed of adjustment towards equilibrium. Co-inte-
gration refers to a linear combination of two or 
more integrated (i.e., difference-stationary) varia-
bles, which implies that stochastic trends of varia-
bles are linked over time, where there is also a link 
with the current deviation from the equilibrium re-
lationship.

We use the vector autoregressive error correc-
tion model (VECM), which takes the following 
reduced form:

2 The constant (margin) does not necessarily depend 
only on the farm component of the retail good. It may also 
depend on existence of returns to scale, characteristics of 
market structure by exerting market power and some other 
factors such as mark-up changes, technological and other 
input cost changes.
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∆zt = Γ1∆zt + … + Γk–1∆zt–k+1 + Πz̃t–k + ΘDt + εt (8)

where zt is a two-dimensional vector consisting of 
a retail and a farm-gate price, zt = (pi,t  pj,t)', z̃t–k is 
defined as z̃t–k = (z't–k  1)', Dt are centered seasonal 
dummies, and εt is the stochastic term (εt are 
niid(0,Σ)). The estimates of Γ1 provide the short-
run and the estimates of Π the long-run parame-
ters. The latter matrix can be written as Π = αβ̃' = 
α(β'  µ), where α represents the speed of adjust-
ment to the long-run equilibrium and β̃'z̃t–k is the 
matrix containing long-run coefficients and repre-
sents the co-integrating vectors. According to the 
theoretical framework, the constant µ is restricted 
to the co-integration space and represents the con-
stant absolute component of the marketing and 
processing margin. The testing procedure follows 
Boswijk and Franses (1992) and Harris (1995). To 
test whether beef and pork markets are competi-
tive, we carried out structural tests by imposing 
restrictions on the β̃ vector. A market is considered 
to be competitive if the long run coefficients of re-
tail and farm gate prices are equal in absolute terms 
but with opposite signs. This means that we im-
pose the following homogeneity constraint:

H0 : βpi = –βpj. (9)

The restricted co-integration vector β̃∗ = Hϕ is 
defined as:

  1 0
β̃∗ = Hϕ = –1 0 ϕ  , ϕ (2x1) (10)
  0 1

where H is the matrix containing homogeneity re-
strictions and unrestricted parameters and ϕ is a 
matrix with unknown parameters. Linear restric-
tions are tested using a likelihood ratio test.

Weak exogeneity is tested to find out whether 
farm gate or retail prices adjust to the long run 
equilibrium after a price shock. The condition for 
a variable to be weakly exogenous for the long run 
parameters is that the α vector of the weakly exog-
enous variable equals zero. If a price variable (pj,t) 
is found to be weakly exogenous, then a partial 
model is re-estimated:

∆pi,t =  Γ0∆pj,t + Γ1zt–1 + … 
      + Γk–1zt–k+1 +  Π̃z̃t–1 + ΘDt + εt (11)

In this case  Π̃ does not contain any information 
on the factor loadings α of the weakly exogenous 
variable pj,t, which leads very likely to improved 
statistical properties of the model (Johansen 
1992).

The co-integration analysis and testing proce-
dures are carried out using CATS (Hansen and 
Juselius 1995), that is a program that runs in 
RATS.

Data
Due to problems constructing data series of higher 
frequency (e.g. weekly) for Slovenia, monthly 
farm-gate and retail beef and pork prices are used 
in this analysis (January 1990 to August 2000). 
Farm-gate prices are represented by average pur-
chase prices in Slovenian tolars (SIT) per kg of 
slaughter weight for beef (BF) and pork (PF), 
while a comparable set of retail prices of beef (BR) 
and pork (PR) is constructed from prices for meat 
cuts.3 Data on nominal prices are deflated using the 
Slovenian monthly consumer price index (CPI) 
with the base period in January 1990 to obtain a 
series of real prices. Henceforth prices refer to real 
prices. The deflation procedure neither causes 
changes in the farm-to-retail price ratio, nor results 
in a different price transmission model. The source 
of the monthly commodity price series and CPI 

3 The average slaughter conversion factor of 0.54 for 
beef and 0.72 for pork were used when converting farm-
gate prices from a live weight in a slaughter weight. The 
retail price of beef (BR) is constructed as the arithmetic 
average of retail prices for ”young boned beef” and ”young 
unboned beef”. Therefore, our retail beef price consists 
only of fresh meats. The retail price for pork (PR) is con-
structed as the weighted average of retail prices of ”boned 
pork” (weighted by 0.45), ”pork without bones” (0.4), 
”ham, no fat no skin” (0.05), ”smoked bacon” (0.05) and 
”rolled ham” (0.05). Note that beef and pork are sold in a 
wide variety of products at the retail level. This is impor-
tant to note for cross-country and across market compari-
sons.
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data is the Statistical Office of the Republic of 
Slovenia (SORS).

Price data analysis showed erratic price move-
ments in the years 1991–1992 (Fig. 1). The retail 
pork prices per kg are higher than the retail beef 
prices, while the farm-gate beef prices are higher 
than the farm-gate pork prices.4 Consequently, the 
processing and marketing margin in the pork mar-
ket is greater than in the beef market. Lower farm-
gate prices for pork compared to beef can be ex-
plained by supply side factors, especially better 
cost efficiency in the conversion of feed into pork 
than into beef. Higher pork retail prices compared 
to beef retail prices can be explained by demand 
side factors, especially consumer preference for 
pork in contrast to beef.5 In general the farm-gate 
beef and pork prices are more stable than the retail 
beef and pork prices. The period 1990–1992 in-
cludes a shock, which followed the secession from 
the former Yugoslavia, when farm-gate beef and 
pork prices and retail beef and pork prices sharply 
increased. Price instability in the pork market was 
much lower in the period 1994–2000 than in the 
period 1990–1993.

The slightly lower volatility of the pork margin 
could indicate more long-term arrangements 
throughout the pork chain. Higher stability of the 
farm-gate pork prices after 1993 could be ex-
plained by a rather high market share of hogs on 

large-scale commercial farms, which are likely to 
have a better and more successful bargaining posi-
tion with slaughterhouses for delivery of hogs at 
rather stable prices. Finally, this difference could 
also be due to differences in government trade and 
intervention policies, and due to an increase in the 
volatility of beef retail and farm-gate prices in re-
sponse to the BSE crisis in some of the EU coun-
tries.

Empirical results
In this chapter the results of the unit root tests, co-
integration analyses, structural as well as weak 

4 This holds also when only fresh beef and pork prices 
are considered at the retail level.

5 According to the Slovenian meat market balances, 
per capita pork consumption was at least 50 percent great-
er than beef consumption during the 1990s. Between 1992 
and 1999, annual per capita meat consumption increased 
from 77.8 kg in 1992 to 92.3 kg in 1999. The annual per 
capita beef consumption increased from 22.6 kg in 1992 to 
28.3 kg in 1993, but declined steadily afterwards to 22.1 
kg in 1999. The annual per capita pork consumption in-
creased from 32.2 kg in 1992 to 41.5 kg in 1999. In 1992, 
beef (29.1%) and pork (41.4%) represented 70.5% of meat 
consumption. The share of other meats was 29.5% (22% 
poultry, 0.2% sheep and goats, 1.3% horse meat, and 6% 
meat of offal). In 1999, the structure of meat consumption 
in Slovenia was the following: 69% beef (24%) and pork 
(45%), and 31% other meats (26.1% poultry, 0.6% sheep 
and goats, 0.3% horse meat, and 4% meat of offal).

Fig. 1. Monthly real meat prices in Slovenia.

Source: Own calculations on the basis of data from the 
Statistical Office of the Republic of Slovenia.
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exogeneity tests are presented. Since the period 
1990-93 was influenced by strong shocks, we ana-
lysed two different periods.6 First, we estimated 
the long run price transmission for the total period 
from January 1990 to August 2000 and in a second 
step, data of the first four years were omitted to 
avoid the models being strongly influenced by high 
volatility in the years 1990–1993. Therefore, we 
additionally estimated beef and pork models for 
the period 1994–2000.

Thus, we started by investigating the order in 
which the four price series are individually inte-
grated. By applying zero frequency ADF unit root 
tests including 12 lags and the PP test with four 
truncation lags to the January 1990–August 2000 
series we found – on a 0.90 significance level – that 
(using unit root tests with trend) 7 out of 8 tests 
indicate the time series to be trend stationary (Ta-
ble 1). On a 0.95 significance level the two farm-
gate prices are seen as I(0), i.e. trend-stationary 
variables.

Applying the same tests to the period January 
1994–August 2000 all price series are found to be 
non-stationary on a 0.95 significance level (Table 
2). Only the series PF is found to be trend-station-
ary on a 0.90 significance level. Based on these 
results and a further unit root test for the first dif-
ferences all four series in the period January 1994–
August 2000 are considered as I(1) variables.

Since there is a near equivalence between 
trend-stationary and difference-stationary proc-
esses it is difficult to distinguish between them in 
finite samples. Unit root tests tend to over-reject 
the null hypothesis when it is true (poor size prop-
erty) and to under-reject when it is false (poor 
power property). Thus, it is not possible to state 
that a variable is stationary or non-stationary, but 
to state that a certain finite sample exhibits station-
ary or non-stationary attributes (Harris 1995). This 
was the reason that we also applied co-integration 
analysis to the January 1990–August 2000 period, 
although the unit root tests for that period suggest-
ed most of the variables to be trend-stationary.

The number of agents in the pork and beef 
markets does not necessarily imply a stronger 
probability of finding price transmission in the 
market with a higher number of agents (the beef 
market in our case). Namely, price transmission 
can be influenced by some other factors such as 
government policies, bargaining and different con-
tractual arrangements. To test vertical price trans-
mission in the beef and pork chains, respectively, 
the co-integration analysis is carried out within the 
same vertical meat market chain (i.e., separately 

6 We started our analysis with the January 1990–Au-
gust 2000 period as a whole to empirically clarify whether 
and how market intervention and break away from tradi-
tional markets cause the results. It was confirmed that the 
result is biased to trade disintegration shock and govern-
ment intervention measures in the initial period. So the 
results for the second sub-period January 1994–August 
2000 are presented in more detail, while the result for the 
January 1990–August 2000 period as a whole is only pro-
vided for a certain comparison.

Table 1. Results of unit root tests, January 1990–August 2000.

Tests Beef 
retail price

Beef 
farm-gate price

Pork 
retail price

Pork 
farm-gate price

ADF test with trend –2.82* –1.60 –3.19* –3.32*

ADF test with constant –2.38 –0.62 –1.54 –1.39
PP test with trend –3.17* –3.47** –2.86 –3.63**

PP test with constant –3.13** –2.78* –2.30 –2.50

*   Denotes a 0.90 significance level.
** Denotes a 0.95 significance level.
Note: To capture seasonal structure the models include 12 additional lags in Augmented-Dickey-Fuller 
(ADF) test. For the Phillips-Perron (PP) test we applied the Newey-West correction (4 truncation lags). 
Based on Fuller (1976), the critical values at a 0.95 (0.90) significance level for ADF and PP tests with 
trend are –3.45 (–3.15) and the critical values for ADF and PP tests with constant are –2.89 (–2.58).
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Table 2. Results of unit root tests, January 1994–August 2000.

Tests Beef 
retail price

Beef 
farm-gate price

Pork 
retail price

Pork 
farm-gate price

ADF test with trend –1.76 –2.15 –1.53 –3.42*

ADF test with constant –0.54 –0.91 –1.66 –2.07
PP test with trend –2.80 –2.79 –1.73 –2.06
PP test with constant –1.41 –0.80 –1.71 –1.76

* Denotes a 0.90 significance level.
Note: To capture seasonal structure the models include 12 additional lags in Augmented-Dickey-Fuller 
(ADF) test. For the Phillips-Perron (PP) test we applied the Newey-West correction (3 truncation lags). 
Based on Fuller (1976) the critical values at a 0.95 (0.90) significance level for ADF and PP tests with 
trend are –3.45 (–3.15) and the critical values for ADF and PP tests with constant are –2.89 (–2.58).

for beef and for pork) evaluating the size and rela-
tionship between farm-gate price on one side and 
retail-price on the other.

The results of the co-integration analysis are 
presented in Tables 3, 4 and 5. Based on the trace 
statistics, the results of the rank (r) test indicate 
one co-integrating vector in the beef market in 
both periods January 1990–August 2000 and Janu-
ary 1994–August 2000 and one in the pork market 
in the period August 1994–August 2000. In the 
pork model for the period January 1990–August 
2000 no co-integration relationship was found. 
The test for the unit roots within the multivariate 
Johansen ML approach suggests that all data series 
used in our models with one co-integrating vector 
are non-stationary. This holds also for the beef 
price series in the January 1990–August 2000 
model.

As can be seen from the test results on the re-
siduals, the model selection was mainly based on 
two out of four tests applied. The co-integration 
vector is presented in a normalized form, i.e. in 
such a way that the first element of each model 
(e.g. the coefficient of the beef retail price BR in 
the first row) is set equal to unity. The normalized 
coefficients are presented in Table 3, columns five 
and six, respectively.

Based on the estimated coefficients in Table 3, 
the long run price relationships (ECT) for the dif-
ferent models are:

Beef (1990–2000)
ECT = BR – 1.403 * BF – 17.532 (12)
Beef (1994–2000)
ECT = BR – 1.541 * BF – 15.933 (13)

Pork (1994–2000)
ECT = PR – 1.234 * PF – 58.985 (14)
For pork, we did not find any co-integration 

vector in the period January 1990–August 2000. 
This suggests an absence of long run price rela-
tionship between pork retail and farm gate prices 
during this period.

In the next step we analyse whether the price 
changes are transmitted completely from one level 
to another and whether price changes are mainly 
caused by supply side or demand side factors. We 
apply structural and weak exogeneity tests impos-
ing homogeneity restrictions on the β coefficients 
and zero restrictions on the α coefficients. Table 4 
summarizes the results of the different tests. Col-
umn 1 describes the model, while Column 2 
presents the tested hypotheses. First, structural tests 
are carried out to identify the co-integration space 
(Row 1). In Rows 2 and 3, the structural tests are 
combined with weak exogeneity tests. According 
to Harris (1995), tests on weak exogeneity can only 
be interpreted with identified structural (β) param-
eters. Additionally, the results of weak exogeneity 
tests are also reported (Rows 4 and 5). Columns 3 
and 4 contain the respective Likelihood ratio (LR) 
test statistics and significance levels (P-values).

To test whether markets are competitive or 
non-competitive, structural tests have been carried 
out. The results are presented in Table 4, Rows 1, 2 
and 3 for each model. As can be seen only in the 
case of the pork model for the period August 
1994–August 2000, the restricted model is not sig-
nificantly different from the unrestricted model. 
This suggests that the margin in the pork model is 
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Table 3. Results of co-integration analysis.

Model
 pi– pj

Lags Seasonal
dummies

Trace
statistics

Normalised Tests on the residuals

βpj Constant Ljung
Box test

Lagrange
Multiplier test

Normality
test

(LB)
P-value

LM(1)
P-value

LM(4)
P-value P-value

Beef
1990–2000

11 No 23.51** 
3.79   

–1.403 –17.532 0.10 0.73 0.03 0.00

Beef
1994–2000

10 No 25.63***
3.25   

–1.541 –15.933 0.00 0.55 0.77 0.02

Beefa

1994–2000
10 No – –1.547 –15.868 0.37 0.61 0.77 0.49

Pork
1990–2000

No co-integration

Pork
1994–2000

12 Yes 22.20** 
6.61   

–1.234 –58.985 0.00 0.26 0.67 0.00

Porka 12 Yes – –1.120 –61.154 0.00 0.49 0.76 0.00

pi – Retail price   pj – Farm gate price   a Partial model
** Denotes a 0.95 significance level (trace statistics)   *** Denotes a 0.99 significance level (trace statistics)
Note: Table reports only the trace test since it shows more robustness to skewness and excess kurtosis in the residuals 
than the maximal eigenvalue test (Cheung and Lai 1993). The beef model is estimated for the periods January 1990–
August 2000 and January 1994–August 2000, respectively. The pork model is estimated for the periods January 1990–
August 2000 and August 1994–August 2000, respectively.

Table 4. Results of structural and weak exogeneity tests.

Model Tested hypotheses Likelihood ratio test statistics P-value

Beef  
January 1990–August 2000

β̃ = β̃∗ = 1 –1 0�
0  0 1

χ2(1) = 3.89 0.05

αBR = 0 ∧ β̃ = β̃∗ χ2(2) = 17.36 0.00

αBF = 0 ∧ β̃ = β̃∗ χ2(2) = 10.12 0.01

αBR = 0 χ2(1) = 15.78 0.00
αBF = 0 χ2(1) = 6.30 0.01

Beef 
January 1994–August 2000

β̃ = β̃∗ = 1 –1 0�
0  0 1

χ2(1) = 9.30 0.00

αBR = 0 ∧ β̃ = β̃∗ χ2(2) = 21.17 0.00

αBF = 0 ∧ β̃ = β̃∗ χ2(2) = 11.16 0.00

αBR = 0 χ2(1) = 18.37 0.00
αBF = 0 χ2(1) = 0.23 0.63

Pork 
August 1994–August 2000

β̃ = β̃∗ = 1 –1 0�
0  0 1

χ2(1) = 0.88 0.35

αPR = 0 ∧ β̃ = β̃∗ χ2(2) = 13.16 0.00

αPF = 0 ∧ β̃ = β̃∗ χ2(2) = 0.92 0.63

αPR = 0 χ2(1) = 5.95 0.01
αPF = 0 χ2(1) = 0.58 0.44

BR – Beef retail price. BF – Beef farm-gate price. PR – Pork retail price. PF – Pork farm-gate price.
Note: For each model the first row presents structural tests, the second and third rows structural tests together with tests 
on weak exogeneity, and the fourth and fifth rows tests on weak exogeneity.
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more likely to be a constant absolute margin, while 
the margin in the beef market is a mixture of a con-
stant and a percentage margin.

One important issue of empirical and policy 
concern in price transmission models is identifica-
tion of the source of the changes occurring in the 
food (i.e. meat) chain and whether the changes in 
the prices between stages depend on whether the 
changes occur on the supply side (“pass-through” 
price transmission) or are induced by demand side 
factors (“pass-back” price transmission). The re-
sults of the weak exogeneity tests indicate that in 
the 1994–2000 models the farm-gate prices (BF 
and PF) are weakly exogenous and the retail prices 
(BR and PR) react to changes in the farm-gate 
prices. This means that the price changes were 
mainly induced by producer side factors as only 
BR and PR respond to deviations from the long 
run equilibrium. Due to this, these models were re-
estimated as partial models where the farm gate 
price entered the model as weakly exogenous vari-
able, which improves the stochastic properties of 
the model (see Table 3).

The long run price relation between retail and 
farm gate prices for the period 1994–2000 can be 
described as:

BR = 15.9 + 1.5 * BF  (15)
PR = 59.0 + 1.2 * PF. (16)
Re-estimated as partial model the results 

change only slightly:
BR = 15.9 + 1.5 * BF (17)
PR = 61.2 + 1.1 * PF. (18)
For the beef market (January 1990–August 

2000) it is not possible to identify whether the 
price changes are mainly caused by supply or de-
mand side factors.

Based on these results the long run margin can 
be computed along the theoretical background. 
Price transmission in the beef sector in the period 
January 1990–August 2000 and long run margin 
equation can be described as:

b̂ = 
1

 = 1.403 ⇒  b = 0.287  (19)
 1 – b

â =
 a 

= 17.532 ⇒  a = 12.496  (20)
 1 – b 

MarginBeef (1990–2000) = 12.496 + 0.287*BR, (21)

which clearly indicates the mark-up processing 
and marketing margin in the beef sector.

Price transmission in the beef sector in the pe-
riod January 1994–August 2000 and long run mar-
gin equation can be described as:

b̂ = 
1
 = 1.547 ⇒  b = 0.354  (22)

 1 – b

â =
 a 

= 15.868 ⇒  a = 10.257  (23)
 1 – b 

MarginBeef (1994–2000) = 10.257 + 0.354*BR, (24)

which clearly reveals the mark-up processing and 
marketing margin in the beef sector.

Since the structural test has shown that b̂ does 
not statistically differ from unity, price transmis-
sion in the pork sector in the period August 1994–
August 2000 and long run margin equation can be 
described as:

MarginPork (1994–2000) = 63.279 (25)

PR = 63.279 + PF, (26)

which indicates a competitive processing and mar-
keting margin in the pork sector. The results sug-
gest an absence of oligopoly or oligopsony power 
in the pork market, where large-scale commercial 
hog farms are the main supplier of hogs to slaugh-
terhouses. On the other hand, it also suggests mar-
ket power by slaughterhouses and traders in the 
beef market, where more dispersed individual or 
family farms are the main supplier of cattle to the 
slaughterhouses.

Table 5 presents the α coefficients for the speed 
of adjustment of retail and farm-gate prices to the 
long-run equilibrium. Except in the case of ∆PF, 
the α coefficient is of the negative sign. As can be 
seen from the α coefficient, retail prices reacted 
more intensively to unanticipated shocks than 
farm-gate prices. The responses in the beef market 
were faster than in the pork market. The greatest 
magnitude in the α coefficient is found in the case 
of ∆BR for the 1994–2000 model. It accounted for 
–0.634, suggesting the intensive and significant 
adjustment in retail beef price to unanticipated 
shocks in farm-gate beef price away from the long-
run equilibrium. The α coefficient associated with 
farm-gate prices are less than with retail prices. 
Except for the ∆BF in the January 1990–August 
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2000 model, the α coefficient associated with 
farm-gate prices was not found to be statistically 
significant. As the speed of adjustment coefficients 
and the structural tests indicate, price reactions in 
the beef market are faster and more profound, but 
are not completely transmitted, while price adjust-
ments in the pork market are slower but complete-
ly transmitted to consumers.

Conclusion and policy 
implications

The paper has explored issues arising from link-
ages between agriculture, processing, and market-
ing in the meat chain during the period of econom-
ic transition in Slovenia. More specifically, the 
paper has analysed the natures of vertical market 
integration and price transmission on the source of 
the changes of the margin and degree of market 
competition on evaluating the outcomes of policy 
reforms and the distribution of welfare changes in 
the meat chain. One of the most striking findings 
of the analysis for Slovenia, but with broader poli-
cy importance, is that protected markets may per-
form as competitive markets, but are less likely to 
be efficient markets in terms of the size of the mar-
gin. It is more likely, as it is confirmed for the 
Slovenian meat markets, that a processing and 

marketing margin for a provided similar quality of 
marketing service is greater than in more perfectly 
competitive markets in market economies. The 
processing and marketing margin in the Slovenian 
pork market is greater than in the beef market ow-
ing to the higher retail pork price compared to the 
lower retail beef price on the one hand, and due to 
the lower farm-gate pork price compared to the 
higher farm-gate beef price on the other. The de-
velopment in processing and marketing margin in 
the pork market indicates an adjustment to more 
competitive markets, whereas at the cattle-beef 
marketing chain, farm-gate cattle prices experi-
ence a decline at more stable retail beef prices.

The results of the vertical market integration 
and price competitiveness using the multivariate 
Johansen ML co-integration approach suggest, ex-
cept for the pork model in the period January 
1990–August 2000, a long-run price relationship 
in both the beef and pork markets. Co-integration 
results indicate that there has been long-run verti-
cal market integration with price transmission be-
tween the farm-gate beef and the retail beef prices 
and in the pork market since 1994. The results of 
the weak exogeneity tests identify the farm-gate 
beef and pork prices as weakly exogenous, while 
the retail beef and pork prices react to changes in 
the farm-gate beef and pork prices. The pass-
through price transmission changes between stages 
in the meat chain depend on the changes occurring 
on the supply side. Therefore, efficiency improve-
ments and lower costs arising from producer side 

Table 5. Factor loading matrix.

Model Variable α t value

Beef 
January 1990–August 2000

∆BR
∆BF

–0.371
–0.094

–4.610
–2.826

Beef 
January 1994–August 2000

∆BR
∆BF

–0.634
–0.039

–5.012
–0.515

Pork 

August 1994–August
∆PR
∆PF

–0.232
 0.007

–3.696
 0.205

Porka,b) 
August 1994–August 2000,

∆PR –0.237 –4.076

BR – Beef retail price. BF – Beef farm-gate price.  PR – Pork retail price. PF – Pork farm-gate price.
Note: a Partial model. b Restricted model (homogeneity restrictions for β parameter).
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factors, particularly in meat processing and mar-
keting, have been crucial for the retail price chang-
es in the Slovenian meat market.

The structural test imposing the restrictions 
implied by competition indicates that processors 
and traders in the beef market charged a mark-up 
of the retail price for beef plus an absolute constant 
margin. This indicates the existence of market 
power in the beef processing and marketing in the 
long run. With more-than-proportional changes in 
prices at successive stages, there is an impact on 
the welfare distribution of cattle farmers and par-
ticularly from consumers to beef processors and 
traders. For pork, the empirical results indicate 
that even in an externally isolated and ad hoc regu-
lated market, the processors and traders charged a 
constant absolute margin. In an absence of open 
external trade and limited foreign price transmis-
sion on domestic pork markets, this suggests ab-
sence of internal selling (oligopoly) market power 
and competitive processing and marketing margin 
formation. This smoother internal input price and 
margin transmission in the pork processing and 
marketing chain seem to be due to the rather verti-
cally integrated pork market in Slovenia with also 
weaken buying (oligopsony) power. Contractual 
arrangements between farms and slaughterhouses 
seem to work better in the pork market, where 
large-scale commercial farms are the main suppli-
er of pigs, while small-scale farms predominantly 
produce pork for home consumption. Small-scale 
farms mainly produce cattle, and unlike pork, it is 
marketed to the slaughterhouses.

The co-integration results clearly suggest that 
even in a situation of an externally isolated and in-
ternally regulated meat market, as it was the case 
in Slovenia during the 1990s, the meat market may 
behave like a competitive market. However, it is 
less likely that the existent market structures and 
policy-induced transfers are sustainable. As in 
some other CEE transition countries (e.g. Hungary 
and Poland), functioning agricultural and food 
markets have developed quickly. Further adjust-
ments, restructuring, and cost efficiency improve-
ments to reduce farm, processing and market inef-
ficiencies towards more competitive markets are 
an ongoing process. This holds particularly after 

the EU accession inducing deeper processing and 
marketing deregulations in the enlarged EU mar-
kets. This process is similar to other EU countries 
with an increasing presence of supermarkets as 
consumer market outlets.
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Appendix. Structure of cattle and hog farms and meat processing in Slovenia.

Table A1. Structure of cattle and hog farms in Slovenia.

1997 2000
Number of 

farms
Number of 

heads
Average size 

(heads per farm)
Number of 

farms
Number of 

heads
Average size 

(heads per farm)

Cattle
Family farms 63,934 469,688 7.4 56,070 483,511 8.6
Agricultural enterprises 44 27,163 617.3 27 16,035 593.9
Total cattle farms 63,978 496,851 7.8 56,097 499,546 8.9

Hogs
Family farms 50,522 364,965 7.2 44,606 390,155 8.8
Agricultural enterprises 29 236,225 8,145.7 17 211,798 12,458.7
Total hog farms 50,551 601,190 11.9 44,623 601,953 13.5

Source: Authors’ calculations on the basis of the data from the Statistical Office of the Republic of Slovenia SORS 
(1997) and SORS (2002).

Table A2. Structure of meat processing in Slovenia.

1997 2000
Registered slaughterhouses Registered slaughterhouses
Beef Pork Beef Pork

Number of firms 35 11 34 11
Productiona 33,712.7 271.0 34,193.8 331.9
   Four largest producers (%) 36.7 64.2 37.0 61.9
   Six largest producers (%) 48.0 89.3 50.3 78.6

a Number of slaughtered heads (in thousands).
Note: Total number of meat processing enterprises (NACE-151) in Slovenia was 49 (3,233 employees) in 1997 and 59 
(4,751 employees) in 2000. 
Sources: CCS (2002) and MAFF (2002).
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