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processing industry in Poland
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aLeibniz Institute of Agricultural Development in Transition Economies (IAMO), Halle (Saale),
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ABSTRACT
This study investigates price relationships along the
Norwegian salmon value chains in France, the EU’s leading
consumption market for salmon, and Poland, the EU’s largest
“processing hub.” Using a vector error correction model frame-
work, our results indicate that the salmon price determination
is a supplier-driven process, with the export prices in Norway
influencing prices in France and Poland, but not vice versa.
Results also suggest that price linkages are strong between
the export market in Norway and the retail market in France
and the processing industry in Poland; however, the Polish
retail sector is separated from markets at the upstream level,
while price discovery at the French wholesale market is domi-
nated by the retail market. Our findings imply that the
evolved market structures lead to efficiently functioning retail
markets in France and wholesale markets in Poland, but put
the French wholesale and Polish retail markets at a
disadvantage.

KEYWORDS
Atlantic salmon; France;
Norway; Poland; price
transmission; value chain

Introduction

Norway is the largest producer and exporter of salmon worldwide, and the
Norwegian aquaculture industry has been leading the global salmon market
and competing in the world market for seafood for quite some time.
Salmon is an important source of seafood in Europe, with Norway account-
ing for 95% of the EU’s salmon imports (Straume, Anderson, et al., 2020;
WITS, 2022). Poland is by far the largest export market for fresh farmed
salmon from Norway while France is the second (WITS, 2022). Norway
exports salmon mainly in the form of fresh whole head-on gutted fish,
amounting to 85% of the country’s salmon exports. For exports of salmon
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in this condition, Norwegian exporters pay a minimal 2% tariff to the EU,
whereas the rate sharply increases to 13% for exports of fish in the proc-
essed form, such as salmon fillets (Norwegian Seafood Council, 2022;
Reuters, 2016). To circumvent high tariffs, Norwegian suppliers export the
whole salmon to hub markets in the EU, including France and Poland,
where secondary processing like filleting and smoking takes place. Those
countries then sell value-added salmon products domestically or to other
EU countries without customs duties that otherwise must be paid if the
processed salmon were exported directly from Norway to the EU
(VALUMICS, 2021).
Although France and Poland both process large volumes of salmon

imported from Norway, the organization of their market structures greatly
differ, particularly with regard to company ownership structures, vertical
integration, and type of contractual relationships. The Norwegian salmon
value chain is characterized by the adaptiveness of large vertically inte-
grated aquaculture producers, which creates different types of interfirm
relations with their trading partners depending on markets, sales channels,
and logistical priorities (Olafsdottir et al., 2019). In Poland’s emerging sal-
mon market, Norwegian enterprises, along with enterprises from other
countries, directly own secondary processing plants, whereas in France, the
EU’s largest consumption market for salmon, retailers have a strong pos-
ition on the domestic market and hold long-term contracts with the large
Norwegian salmon producers (Larsen & Asche, 2011). Accordingly,
retailers in France purchase salmon directly from Norwegian producers,
sub-contract processing operations to domestic fish processors, and apply
markup pricing on the cost of primary products (i.e., the purchase price of
the whole salmon on the export market) to set selling prices (Guillotreau
et al., 2005).
Against this background, this paper aims to investigate price formation

along the salmon supply chains of France and Poland. Particularly, we ana-
lyze price relationships between the export market in Norway and the
wholesale1 and retail markets of whole salmon and salmon fillets in France
and Poland. We assume that the market organization structures have a dif-
ferential influence on price relationships along the domestic supply chains.
Therefore, conducting a comparative study between France and Poland
enables the assessment of the role played by the retail-dominated vs. proc-
essing-dominated supply chains in the efficiency of markets at the
upstream and downstream levels of the supply chains.
The literature on price relationships along the salmon value chains is

dominated by the analysis of price pass-through from export to retail mar-
kets for a variety of salmon products in typically large and sophisticated
consumption markets, such as France, Spain, and the United Kingdom.
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The general finding from this literature is that the export prices of
Norwegian salmon play the leading role in the determination of prices for
the European downstream markets, but not vice versa (e.g., Asche et al.,
2014; Gizaw et al., 2021; Landazuri-Tveteraas et al., 2018). Analyzing price
relationships for 17 salmon products at the retail levels in France and the
United Kingdom from 2005 to 2014, Landazuri-Tveteraas et al. (2018) find
that Norwegian export market prices influence the prices of salmon prod-
ucts in only half of retail markets, although this price transmission is found
to be incomplete, except for the price of fresh salmon fillets in the United
Kingdom, which is completely influenced by the export price. Complete
price transmission is also found for the retail market of fresh salmon fillets
in France for the 2006–2011 period by Asche et al. (2014); however, the
French market for smoked salmon is detached from price developments in
the export market. In contrast, Asche et al. (2007) identify strong price
linkages between the United Kingdom’s producer and export markets and
France’s processor and retail markets of smoked salmon for the period
1992–1998. Moreover, the salmon producer price in the United Kingdom is
found to lead export prices in the main exporting countries, such as the
United Kingdom itself and Canada, Chile, and Norway (Salazar &
Dresdner, 2021).
Another strand of the literature explores asymmetries in the speed of

price responses depending on the size of price margins along the supply
chain. Ankamah-Yeboah et al. (2017), Gizaw et al. (2021), and Simioni
et al. (2013) identify asymmetries in the speed of price transmission along
the salmon supply chains in France and Germany. In contrast to the previ-
ous literature, Larsen and Kinnucan (2009) is the only study exploring
price relationships exclusively between the export and wholesale prices,
finding that, with an average of 60%, the change in the export price is
incompletely transmitted to the wholesale price of the whole salmon
in France.
Our contributions to the literature on price transmission are 3-fold:

First, to the best of our knowledge, this is the first study to analyze price
relationships in the Polish salmon market. Poland has emerged as an
important salmon market after the turn of the millennium, as it is the larg-
est buyer of fresh farmed salmon from Norway and one of the major mar-
kets for the export of processed Norwegian salmon to other EU countries.
Hence, Poland is a good example of a country that is an important re-
exporter of fish, a rapidly increasing phenomenon (Asche et al., 2022), and
unique in that salmon imports are fresh not frozen. Therefore, how effi-
ciently salmon markets function in Poland could influence the price forma-
tion of EU markets, since price relationships would be transmitted down to
the supply chain to the end consumer markets. Second, we study price
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relationships along each stage of the supply chain at the export, wholesale/
processing, and retail levels. Existing studies so far have focused on price
linkages either at the level of the export-retail or export-wholesale markets,
whereas this paper enables assessing price relationships additionally at the
wholesale-retail level. Third, we follow a comparative approach and analyze
price transmission along the two supply chains characterized by different
market structures. In France, the processing industry has been sub-
contracted by supermarkets and also direct contractual relationships exist
between retailers and Norwegian salmon producers, whereas the latter dir-
ectly owns salmon processing plants in Poland.
We use a multivariate vector error correction model (VECM) within a

price transmission framework to investigate the transmission of price
changes along the salmon value chains in France and Poland. A high
degree of price transmission indicates strong price linkages and that mar-
kets are efficient. In vertically well-integrated markets, prices at different
stages of the supply chain respond not only completely but also quickly to
shocks occurring at different stages of the supply chain.
This paper is structured as follows: Section two provides an overview of

salmon markets in Norway, France, and Poland. The methodology and esti-
mation framework are presented in section three and the price series are
discussed in section four. Finally, section five reports estimation results and
section six provides a discussion and concluding remarks.

Salmon markets in Norway, France, and Poland

Accompanied by investments in technological innovation, marketing, and
sales with the consolidation of farms, the salmon industry has witnessed
tremendous growth in recent years, with large firms becoming even larger
to achieve economies of scale (Asche et al., 2013). The global production of
salmon has almost doubled in the last decade, increasing from about 1,400
thousand mt in 2010 to 2,500 thousand mt in 2019 (Figure 1a). Norway is
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Figure 1. (a) Production of Atlantic salmon in million mt and (b) exports of Atlantic salmon in
billion US dollars (USD), 2010–2019. Source: OECD (2022), authors’ elaboration.
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the largest producer of Atlantic salmon in the world, accounting for 54%
of total global salmon production in 2019. Similarly, global salmon exports
have almost doubled over the last 10 years, with export revenues increasing
from 7.5 billion USD to 13.6 billion USD (Figure 1b). With its share of
47% in 2019, Norway is also the largest salmon exporter in the world.
Currently, global demand for salmon exceeds supply, and trade has been

favorable for aquaculture producers. As new buyers are easily found due to
high demand, the duration of stable trade relationships is rather short in
the aquaculture industry, making the entry and exit in trade partnership
not very costly (Jaghdani, Johansen, et al., 2020; Oglend et al., 2022;
Straume, Landazuri-Tveteraas, et al., 2020). Prices have increased continu-
ously, following growing demand in established markets in Europe
and successful entry into new markets. However, salmon prices have been
historically volatile because of the highly inelastic supply of fish in the
short-run (Asheim et al., 2011) and biological uncertainties that imperil the
availability of harvesting biomass, and hence, stable supplies. For instance,
in 2016, algae bloom in Chile and sea lice in Scotland and Norway signifi-
cantly reduced the global supply of farmed Atlantic salmon. As a conse-
quence, the export price of fresh whole salmon in Norway increased by
40% from an average per kilogram (kg) price of 5.10 USD in 2015 to 7.15
USD in 2016 (FAO, 2017). Despite the formation of the futures market in
2007 to cope with the intrinsic price volatility characterizing the salmon
market, the use of futures contracts as a risk management tool remains a
challenge in this still immature market in which price discovery is led by
spot prices (Asche et al., 2016). Nevertheless, the latest evidence reveals
that a process of maturation is starting to take place (Ewald et al., 2022).
The salmon export market is a historically established free market

exchange system with numerous sellers and buyers as market participants.
The strategic coordination within the salmon chain has resulted in horizon-
tal concentration at the producer level through mergers and acquisitions
and vertical coordination downwards in the chain, which has given larger
companies a competitive advantage and improved their bargaining position
in markets. For instance, according to the global value chain governance
model (Gereffi et al., 2005), Norwegian aquaculture producers have a rela-
tional2 governance form with supermarkets in France, whereas small
French secondary processors may be captive3 to the “lead firm” retailers.
The ownership of secondary processing plants in Poland by vertically inte-
grated Norwegian salmon companies corresponds to the hierarchy govern-
ance form, which is characterized by “high incentives to centralize control
of strategic investments” (Olafsdottir et al., 2019, p. 10).
Although the large aquaculture producers have been profitable in recent

years while demand has been high, their margins have been offset by
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higher costs of production due to biological constraints. Moreover, eco-
nomic studies on market power identify a low degree of market imperfect-
ness in the salmon chain (Jaghdani, �Cechura, et al., 2020). The analysis of
scale efficiency indicates that large producers of Norwegian salmon operate
at an almost optimal scale of operation, while small and medium-sized
enterprises could improve their productivity and profitability by increasing
the scale of their operations (�Cechura et al., 2020).
Usually, the smallest quantities of salmon are traded on the international

market at the beginning of the year. The traded volume increases month
over month as the year progresses, reaching its maximum by Christmas
time at the end of the year. Because of short-term inelasticity in salmon
production (Asheim et al., 2011), there is a negative relationship between
the export prices and quantities in the short run (one-year period)
(Figure 2). However, with the steadily growing global demand for salmon,
this relationship between the supplied quantity and the export prices
reverses in the long run (Figure 2; thick black trendline) due to significant
demand growth (Braekkan et al., 2018). In particular, over the last 20 years,
Norwegian exporters increased the volume of salmon exports 4-fold from
about 260 thousand mt in 2001 to 1,047 thousand mt in 2021 and received
a two to three times higher price per kg of exported fish (the average
export price of salmon increased from 2.9 USD to 6.9 USD during
this period).
The main buyers of Norwegian salmon, which is usually sold on spot

markets, are wholesalers, secondary processors, and retailers providing
processed salmon to European and non-European markets. The EU market
is the largest export market for Norwegian salmon, representing 81% of its
total export sales value in 2018 (Figure 3). Two EU countries, Poland and
France, are the largest individual export markets for Norway. In 2018,
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mon: weekly, 2001–2021. Source: Statistics Norway (2022), authors’ elaboration.
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Norway exported about 142 thousand mt of fresh whole salmon with a
value of 1,005 million USD to Poland and 99 thousand mt of salmon with
a value of 733 USD million to France (WITS, 2022). This corresponds to a
15 and 11% share of Norway’s total exports to Poland and France, respect-
ively (Figure 3).
In France, where salmon is one of the most consumed species, the sal-

mon market is well-developed. Each year, French people consume an aver-
age of 33.5 kg of fish per person (EUMOFA, 2020). In contrast, the salmon
market in Poland is emerging and Polish consumers eat an average of
13 kg of fish per person, which is about 11 kg less compared to the EU
average (EUMOFA, 2020). In spite of pronounced consumption trends, sal-
mon is hardly produced in France. In 2019, salmon production amounted
to 0.4 thousand mt in France and 2.4mt in Poland. However, large quanti-
ties of the whole salmon are imported and processed in local processing
facilities in France and Poland. In the same year, France and Poland
imported 120 and 168 thousand mt of salmon, respectively. In addition, as
consumers’ demand is high, processed salmon is also imported into France
as locally processed salmon cannot meet the demand. By contrast, Poland
exports most processed salmon to other countries, where salmon consump-
tion is low. In particular, France’s net import comprises 23.6 thousand mt
of salmon fillet and 10.5 thousand mt of smoked salmon, whereas Poland
is a net exporter of salmon fillet (31.4 thousand mt) and smoked salmon
(50.1 thousand mt) (Table 1).
Accordingly, France’s retail sector, compared to that of Poland’s, more

actively participates in the export market transactions through trading com-
panies owned by large French vertically integrated firms. French retailers
generally favor large salmon suppliers to ensure stable supplies and lower

19% non-EU

31%  rest of EU

7%  Spain
7%  UK

9%  Denmark

11%  France

15%  Poland

81% EU

Figure 3. Export markets for Norwegian salmon, %, 2018. Source: WITS (2022), authors’
elaboration.
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transaction costs; hence, establishing direct long-term contractual relation-
ships with large Norwegian exporters is becoming more common in
France. On the other hand, because of the high domestic demand for sea-
food, with about 265 processing companies the processing sector in France
is well-developed and highly competitive (CNPMEM, 2016). Nevertheless,
individual secondary processors are at a disadvantage since they have to
compete with Norwegian suppliers that hold long-term contracts with
French retailers and also with processing companies that are subsidiaries of
the large French vertically integrated firms.
At the same time, the fish processing sector is becoming more consoli-

dated in Poland (EC-JRC, 2019), and has significant foreign ownership.
Compared to Norway, this EU member country has much lower salmon
processing (which is a labor-intensive activity) wage costs and this allows
tariff-free exports of end salmon products to EU markets. The secondary
processing of salmon has particularly increased since 2014 in Poland,
mainly due to the fact that Norwegian salmon-producing companies have
created their own processing plants or have formed long-term contractual
relationships with the existing Polish processors. For example, the largest
vertically integrated Norwegian seafood company, Mowi, acquired the sec-
ondary Polish processing company Morpol in 2013, which, with a total
processing capacity of 150 thousand mt of salmon annually, is one of the
largest salmon processors in the world (Seafood Media, 2022).
Accounting for 67% of total salmon imports to France and 77% of total

imports to Poland, Norway is the most important salmon trading partner
for both France and Poland (Figure 4a). Even though France and Poland
import almost equally large amounts of fresh whole salmon (970 million
USD and 1,091 million USD in 2018, respectively), exports of salmon end
products are five times smaller in France compared to Poland (Figure 4b).
This is explained by the higher domestic demand for salmon in France,
whereas Poland is mainly focused on the export of processed salmon prod-
ucts. Regardless of exported quantities, the main export markets for France

Table 1. Salmon production, trade, and consumption, 2019.
France Poland

Production (live weight, 1,000mt) 0.4 2.4
Net import (export) of:
Fresh salmon—whole, head-on gutted (1,000mt) 120.3 168.3
Processed salmon—fillet (1,000mt) 23.6 (31.4)
Processed salmon—smoked (1,000mt) 10.5 (50.1)

Consumption of salmon (live weight equivalent, 1,000mt) 180.7
�,† 31.6†

Consumption of salmon (kg/capita) 2.7� 0.8
Population (million inhabitants) 66.92� 37.97

Notes: �Data is provided for 2017, †Estimated amount based on per capita salmon consumption and popula-
tion size.

Sources: Eurostat (2022), FranceAgriMer (2021a), Hryszko (2020), UN Comtrade (2022), World Bank (2022),
authors’ elaboration.
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and Poland are predominantly EU markets. Furthermore, due to high
domestic demand, France also imports large amounts of processed salmon
products, mainly in the form of frozen salmon fillets (Figure 4c).

Methodology and estimation framework

Price plays a central role in defining the extent of the market, whether
it be the market in the context of a geographical area for a homogenous
good or of a supply chain for a related good with different levels of
processing (Stigler & Sherwin, 1985). The analysis of price relationships
between vertically related markets at different stages of the supply chain
builds on the structural model of marketing margins (Gardner, 1975). In
this model, Gardner shows that under perfect competition and shifts in
supply and demand conditions influence relationships between prices at
different stages of the supply chain; nevertheless, unlike spatial price
relationships (Fackler & Goodwin, 2001), price linkages along the supply
chain are not generally characterized by proportional movements due to
substitution possibilities.
On the other hand, the assessment of price relationships rests on the

notion of market integration and market efficiency (Asche et al., 2007;
Barrett, 2001). Markets are considered fully integrated and efficient if they
are characterized by the complete transmission of price shocks in the long
run. However, the transmission of price shocks might not occur instantan-
eously and takes place with delays if price adjustment is costly, thus result-
ing in price disequilibrium in the short run (Vavra & Goodwin, 2005).
It is common that commodity price series in levels are non-stationary

processes. However, in a network of integrated markets, price series that
are individually non-stationary can share a common trend, which then
describes the long-run relationship. In integrated markets, price relation-
ships between non-stationary price series at different stages of the supply
chain can be evaluated using a vector error correction model (VECM)
(Johansen, 1988). The multivariate VECM, which is a system of linear

a) Imports, whole salmon b) Exports, processed salmon c) Imports, processed salmon
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equations, takes the following form:

DPt ¼ PPt þ
Xl

i¼1

CiDPt�i þ xt (2)

where D is the first difference operator, Pt corresponds with an n-dimen-
sional vector of prices in natural logarithm at n different markets. The n�
n matrix P ¼ ab0 has reduced rank r ¼ n� s, with s ¼ 1 if all n prices
share exactly one common trend. Both a and b are n� r matrices, where
the matrix b contains the normalized cointegrating vectors characterizing
long-run equilibria for r linear combinations of prices. To include constant
in the long-run price equilibrium equation, PPt ¼ ab0Pt has been modified
to PPt ¼ aðb10Pt þ b0Þ, where the matrix b1 includes price transmission
elasticity and the vector b0 contains the intercept. The price transmission
elasticity (b1) measures the magnitude of price shock transmissions from
one market to another, hence the degree of price transmission. The theor-
etical value of the long-run price transmission elasticity (b1) varies between
zero and one, with b1 ¼ 1 indicating that price information is 100% com-
pletely transmitted between markets at different stages of the value chain.
However, Larsen and Kinnucan (2009) indicate that incomplete price trans-
mission (b1 < 1) is compatible with perfect price transmission under the
condition that the elasticity of price transmission equals the cost share of
raw material in the value of the product in the downstream market.
Intercept (b0) provides an estimate of the fixed markup coefficient under
the assumption of perfect competition and perfect price transmission
(Bakucs & Fert}o, 2006).
The loading matrix a contains the speed of adjustment coefficients meas-

uring the speed at which deviations from the long-run equilibrium are
eliminated by the corresponding price. The expected absolute value of the
parameter ranges between zero and one, with the latter indicating that the
prices in a particular market adjust all at once to eliminate price disequilib-
rium after a price shock. DPt�i represents a vector of lagged values of the
first difference of price series with lags i ¼ 1, :::, l, ensuring that the model
residuals are serially uncorrelated. Ci contains corresponding dynamic
short-run parameters, while xt is a conventional residual term
with xt � Nð0, r2Þ:
Before the estimation of vertical price relationships, we first assess the

non-stationarity property of individual price series by using the Augmented
Dickey-Fuller (ADF) unit root test (Dickey & Fuller, 1981). For non-sta-
tionary price series we examine cointegration and, thus, the existence of
long-run price equilibrium between prices using the Johansen test for linear
cointegration (Johansen, 1988). The test should identify n� 1 cointegration
vectors for n integrated markets. The cointegration analysis is followed by
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the estimation of VECM to retrieve the long-run price transmission elastic-
ities and adjustment parameters.
Furthermore, since all price series in the VECM depend on each other, a

shock to the i-th variable not only directly affects the i-th variable but is
also transmitted to all of the other endogenous variables through the
dynamic structure of the model. Hence, individual coefficient estimates
only provide limited information on the reaction of the system to a shock.
However, the impulse response function allows for the effect of a one-time
shock on current and future values of the endogenous variables to be cap-
tured. We use generalized impulse responses to obtain the responses, which
do not depend on the ordering of variables in the VECM system (Pesaran
& Shin, 1998).

Data

Our dataset includes eight price series for salmon at the various stages of
the supply chain in Norway, France, and Poland. The dataset comprises
134 weekly observations for each price series in Poland covering the period
from August 2017 to February 2020 and 448 weekly observations for each
price series in Norway and France covering the period from July 2011 to
February 2020 (Table 2).4 All price series are reported in Euros per kg. The
price series for Norway and Poland contain missing observations, which we
substituted with values drawn using the cubic spline interpolation tech-
nique (Forsythe et al., 1977). In particular, we interpolated 21 of 448 price
observations for the export prices of salmon in Norway, and 28, 10, and 13
of 134 price observations for the whole salmon wholesale prices, wholesale
salmon fillet prices, and retail salmon fillet prices in Poland, respectively.
The data set (Figures 5 and 6) comprises export prices of farmed

Atlantic salmon (whole, first sale, 3–4 kg) for Norway collected from the
European market observatory for fisheries and aquaculture products
(EUMOFA, 2021). For France, we use the weekly wholesale and retail pri-
ces for farmed Atlantic whole salmon and salmon fillets sold at the Rungis
International Market, which is the largest wholesale marketplace in France.

Table 2. Data description, salmon prices.
Country Supply chain level Product Product characteristics Source

Norway Export Whole salmon Atlantic salmon, 3–4 kg EUMOFA
France Wholesale Whole salmon Atlantic salmon, 3–4 kg FranceAgriMer

Wholesale Salmon fillet Atlantic salmon, 3–4 kg FranceAgriMer
Retail Whole salmon Atlantic salmon, 3–4 kg FranceAgriMer
Retail Salmon fillet Atlantic salmon, 3–4 kg FranceAgriMer

Poland Wholesale Whole salmon Salmon, fresh, imported, size 2/3 EUMOFA
Wholesale Salmon fillet Salmon, fresh, imported EUMOFA
Retail Salmon fillet Salmon, fresh or chilled EUMOFA

Source: Authors’ elaboration.
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The data is sourced from the National Authority for Agriculture and Sea
Products (FranceAgriMer, 2021b). For Poland, we use the weekly wholesale
and retail prices of fresh imported salmon. In particular, the wholesale
price series are available for whole salmon and salmon fillets, although, for
the retail level, the prices are only available for salmon fillets. The dataset
is provided by the European Market Observatory for Fisheries and
Aquaculture Products (EUMOFA, 2021).

Empirical results

This section ascertains the times series properties of the data and patterns
of cointegration between the price series, which is then followed by a coin-
tegration analysis and VECM estimation that provides information on the
magnitude and speed of price transmission and price adjustment along the
salmon value chains in France and Poland.
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Figure 5. Salmon prices in France and Norway, 2011–2020. Source: EUMOFA (2021),
FranceAgriMer (2021b), authors’ elaboration.
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Figure 6. Salmon prices in Poland and Norway, 2017–2020. Source: EUMOFA (2021), authors’
elaboration.
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Tests of the existence of a unit root and cointegration

Results of the unit root test (Supplementary Appendix A) indicate that the
null hypothesis of the non-stationary price series cannot be rejected for all
prices across levels but can be rejected for prices in first differences at the
5% significance level for Norway, France and Poland. This indicates that
the price series are integrated into order one.
Subsequently, we test whether these non-stationary price series are cointe-

grated using the multivariate test of cointegration (Supplementary Appendix
B). We test cointegration for all export, wholesale and retail prices separately
for France and Poland. The cointegration test for France includes five price
series: the retail and wholesale prices of whole salmon and salmon fillets in
France and the export prices in Norway. Results indicate four cointegration
vectors at the 10% significance level5 that correspond to the existence of one
common stochastic trend in the system, which suggests that retail and
wholesale markets of whole salmon and salmon fillets in France and the
export market in Norway belong to the same market network. Furthermore,
without the inclusion of any lag for price variables, the test of serial correl-
ation indicates that the VECM residuals are serially uncorrelated.6

The results of the multivariate cointegration test for Poland, which con-
tains four price series (wholesale and retail prices of salmon fillets, wholesale
prices of the whole salmon in Poland, and export prices in Norway) do not
indicate market integration among them (Supplementary Appendix B).
Accordingly, we evaluate market integration among the subset of salmon
markets in Poland and the export market in Norway. We first remove the
retail price of salmon fillets in Poland and include three price series only:
the export price of salmon in Norway, and wholesale prices of whole salmon
and salmon fillets in Poland. We use one lag in the system for the multivari-
ate VECM, which is enough to ensure that the residuals are serially uncorre-
lated.7 The cointegration test with three price series suggests that there are
two cointegration vectors at the 5% significance level and, hence, the whole-
sale markets of whole salmon and salmon fillets in Poland and the export
market in Norway are integrated and belong to the same market network.
Hence, the retail market of salmon fillets in Poland is separated from the

upstream wholesale markets in Poland and the export market in Norway.
Therefore, we conduct a price transmission analysis between the export
price in Norway and the wholesale prices of whole salmon and salmon fil-
lets in Poland within the multivariate VECM.

Long-run price equilibrium relationships

In Table 3, we report on the coefficient estimates from the long-run price
equilibrium equation, i.e., the intercept and price transmission elasticity.
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This corresponds to the normalized parameter estimates of four cointegra-
tion equations for France and two cointegration equations for Poland. For
ease of interpretation, salmon price variables in France and Poland are nor-
malized in a way to represent the pair-wise long-run relationship with the
export price in Norway.
For France, the results of the long-run price transmission analysis indi-

cate that the degree of price transmission is lower for salmon fillets com-
pared to the whole salmon. At the wholesale level, changes in export prices
are transmitted to the price of the whole salmon by 92% and to the price
of salmon fillets by 54%. Similarly, at the retail level, the price transmission
elasticity equals 0.68 for whole salmon and 0.66 for salmon fillets.
Furthermore, we observe a lower degree of price transmission at the retail
level compared to the wholesale level. In particular, for the whole salmon,
changes in the export price are transmitted to its wholesale price by 92%,
whereas price changes are transmitted to its retail price by 68%.
Interestingly, for salmon fillets, the price transmission elasticity from the
export price to the retail price of salmon fillets (0.68) is larger compared to
the wholesale price of salmon fillets (0.54).
For Poland, we only evaluate market integration between the Polish

wholesale markets and the export market in Norway, since cointegration is
not confirmed for the retail market in Poland (compare Table 2). The
results of the price transmission analysis indicate that the price

Table 3. Long-run price equilibrium relationship: salmon markets in France and Poland.

Cointegration equation (i) Price transmission elasticity ðb1Þ

Individual test of perfect price
transmission,

statistic (H0 : bi1 ¼ 1)

France–Norway, 2011–2020
Wholesale (whole)—export

(whole) (1)
0.916 [0.105]��� 0.405 (0.524)

Wholesale (fillet)—export
(whole) (2)

0.539 [0.060]��� 6.868 (0.009)

Retail (whole)—export (whole) (3) 0.680 [0.045]��� 8.019 (0.005)
Retail (fillet)—export (whole) (4) 0.657 [0.047]��� 8.476 (0.004)
Joint test of perfect price transmission, test

statistic (H0 : b11 ¼ b21 ¼ b31 ¼ b41 ¼ 1)
10.642 (0.031)

Poland–Norway, 2017–2020
Wholesale (whole)—export

(whole) (1)
0.403 [0.134]��� 6.101 (0.014)

Wholesale (fillet)—export
(whole) (2)

0.896 [0.098]��� 0.695 (0.405)

Retail (fillet)—export (whole) – –
Retail (fillet)—wholesale (whole) – –
Retail (fillet)—wholesale (fillet) – –
Joint test of perfect price transmission, test statistic (H0 : b11 ¼ b21 ¼ 1) 9.117 (0.010)

Note: Cointegrating vectors are normalized to represent pairwise cointegration with the salmon export price.
Standard errors are in square brackets; p-values are in brackets. The test statistic of the individual test of per-
fect price transmission is distributed as v2ð1Þ and the test statistic of the joint test of perfect price transmis-
sion is distributed as v2ð4Þ for France and v2ð2Þ for Poland. – ¼ no cointegration exists between the price
series. ���p< 0.01.

Source: authors’ estimations.
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transmission is weaker between the Norwegian salmon market and the
wholesale market of whole salmon (b1 ¼ 0:40) compared to salmon fillets
(b1 ¼ 0:90), which is about twice as large in magnitude. This finding that
the degree of price transmission is lower for the whole salmon compared
to salmon fillets is in contrast to the results obtained for France.
Next, we test the existence of perfect price transmission between markets

using the multivariate likelihood ratio test (Table 3) by jointly restricting
the long-run price transmission elasticities of the export price to the value
of one in every cointegration equation: b11 ¼ b21 ¼ ::: ¼ bi1 ¼ 1, where i
denotes the number of cointegration equations. The results indicate the
absence of the perfect price transmission jointly within the selected market
networks both in France and Poland. Moreover, the test of perfect price
transmission for individual market pairs (H0 : bi1 ¼ 1) provides contrasting
results. For France, the results provide evidence of full price transmission
between the export market in Norway and the wholesale market of the
whole salmon in France, whereas they allow for the null hypothesis of com-
plete price transmission for the rest of the salmon markets to be rejected at
the 5% significance level. In Poland, complete price transmission is identi-
fied for the wholesale market of salmon fillets, whereas price transmission
is incomplete for the wholesale market of the whole salmon, which is in
contrast to results obtained for France (Table 3).
Under perfect price transmission, the coefficient of intercept provides an

estimate of the constant markup coefficient. Therefore, by jointly restricting
price transmission elasticities to one in a multivariate VECM, we obtain
estimates of the markup parameter for each downstream price with regard
to export price (Table 4).
Various marketing costs can also shape price developments along the sal-

mon value chains in France and Poland. Regarding the fixed markup coef-
ficients (Table 4), we find that the lowest markup estimate is 0.229 for the
whole salmon at the wholesale level in France and the highest markup esti-
mate is 2.096 for salmon fillets at the retail level in France. Furthermore,

Table 4. Estimates of the fixed markup between the downstream and export prices.
Supply chain level Restricted intercept ðbres0 Þ Fixed markup coefficient (eb

res
0 � 1)

France–Norway, 2011–2020
Wholesale (whole)—export (whole) 0.206 0.229
Wholesale (fillet)—export (whole) 0.745 1.106
Retail (whole)—export (whole) 0.664 0.942
Retail (fillet)—export (whole) 1.130 2.096
Poland–Norway, 2017–2020
Wholesale (whole)—export (whole) 0.256 0.292
Wholesale (fillet)—export (whole) 0.626 0.869
Retail (fillet)—export (whole) 0.827† 1.285†

Note: †Even though cointegration does not exist between the retail price of salmon fillets in Poland and the
export price in Norway, we nevertheless present the estimated markup coefficient for this price pair.

Source: Authors’ estimations.
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the price markup coefficient is generally lower at the wholesale/processing
level compared to the retail level and higher for salmon fillets compared to
the whole salmon.
Comparing the markup coefficients across countries, the absolute per-

centage markup is higher by 6.3% for the whole salmon in Poland (29.2%)
compared to France (22.9%) at the wholesale level, though this difference
turns in an opposite direction and increases to 23.6% for salmon fillets,
corresponding with a price markup percentage between the wholesale price
of salmon fillets and export price of 110.6% in France and 86.9% in
Poland. This could be explained by higher processing costs in France com-
pared to Poland, as salmon processing is a labor-intensive activity and
processing costs are much lower in Poland (EC-JRC, 2019). The gap
between France’s and Poland’s fixed percentage markup coefficients for sal-
mon fillets (209.6 and 128.5%, respectively) further increases to 81% at the
retail level. Interestingly, for salmon fillets, price markup has sharply
increased by 90% from the wholesale (110.6%) to the retail level (209.6%)
in France, whereas in Poland it has increased by about half, from 86.9% at
the wholesale level to 128.5% at the retail level reflecting French consumers’
stronger demand for salmon and higher purchasing power compared to
Polish consumers.

Correction of the temporary price disequilibrium

Reflected in the large values of the price adjustment parameters, efficient
markets are characterized by the quick elimination of temporary price devi-
ations from the long-run price equilibrium. The estimated adjustment
parameters for France and Poland are reported in Table 5.
Our results indicate that the salmon prices in France and Poland adjust

to eliminate price deviations and restore the long-run price equilibrium at
the different stages of the value chain (diagonal elements of Table 5 with a
negative sign). In contrast, export prices do not react to eliminate price dis-
equilibrium, as adjustment coefficients of the salmon export price in
Norway are statistically insignificant at the 5% significance level in all coin-
tegration equations for France and Poland.
Next, we assess the leading role of markets in price formation along

the value chains in France and Poland. Particularly, we use the likelihood
ratio test to evaluate the weak exogeneity of salmon markets by jointly
restricting the adjustment parameters for each price series in all cointe-
gration equations. The results indicate that the weak exogeneity of all sal-
mon price series in France and Poland can be rejected at the 1%
significance level. This implies that salmon prices in France and Poland
do not have a leading role and they adjust to price developments in the
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salmon export market. On the other hand, the test statistic is unable to
reject the null hypothesis of weak exogeneity for the export price of sal-
mon, which confirms the leading role of the export price in Norway for
price formation at the wholesale and retail markets of whole salmon and
salmon fillets in France and Poland.
Furthermore, in France, the adjustment of the individual salmon prices

to the equilibrium relationship with the export price is about four times
quicker at the retail level compared to the wholesale level. For example,
responding to a market shock, retail prices of whole salmon and salmon fil-
lets react quicker and eliminate 44 and 45% of price disequilibrium in 1
week, respectively, compared to wholesale prices. At the wholesale level, on
the other hand, just 10 and 13% of price deviations from the equilibrium
relationship with the export price are eliminated by the wholesale prices of
whole salmon and salmon fillets in 1 week, respectively.
Compared to France, price adjustment is quicker at the wholesale level

in Poland. The price adjustment coefficients are equal to 0.38 and 0.52 for
whole salmon and salmon fillets, respectively, suggesting that the adjust-
ment speed is greater by 28 and 39% in Poland compared to France.
Furthermore, in France, we observe “cross-product” and “cross-market”

price adjustment at the retail level in the short run (off-diagonal ele-
ments of Table 5 with statistically significant positive values at the 5%
significance level). The retail price of the whole salmon reacts to changes
in the retail price of salmon fillets (0.240) and vice versa (0.170).
Similarly, the results also indicate that the retail prices react to changes
in the wholesale prices albeit at a lower adjustment rate (0.068 and
0.095). In addition, changes in the retail price of salmon fillets trigger
short-term price changes at the wholesale market of salmon fillets
(0.112). These results suggest that the salmon prices are determined in
an interdependent manner in the French salmon value chain, whereas
salmon prices in Poland exclusively react to price changes only for the
export market.
Analysis of the impulse response functions (Figure C1 for France and

Figure C2 for Poland in Supplementary Appendix C) indicates that the
retail market in France and wholesale market in Poland are much
quicker in responding to price shocks, whereas we observe more sluggish
price reactions for the wholesale market in France. Notwithstanding
responses to their own market shocks, salmon prices for the downstream
markets in France and Poland react strongest to export prices.
Furthermore, wholesale prices in France are more responsive to the retail
market’s shocks compared to retail prices, which barely react to the
wholesale market’s shocks.
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Discussion and concluding remarks

In this paper, we have investigated price relationships along the salmon
value chains in France and Poland to assess market efficiency and price
transmission in their salmon markets.
We find that the downstream markets in France and Poland do not influ-

ence price formation in the export market in Norway. Our results align with
the findings of studies on price transmission (Asche et al., 2014; Gizaw
et al., 2021; Landazuri-Tveteraas et al., 2018) and governance of global value
chains (Olafsdottir et al., 2019), which indicate that the global salmon value
chain is characterized by supplier-driven price determination processes.
Furthermore, the results identify the dominance of the retail sector in

the price formation of the salmon fillet market within the French salmon
value chain. This provides evidence for the influence of hypermarkets on
prices at the secondary processing level, which may subsequently result in
squeezed margins for the processing companies in the retailer-driven
domestic supply chain in France, which is characterized by a captive gov-
ernance structure (Olafsdottir et al., 2019).
Concerning Poland, the wholesale market for salmon fillets functions

more efficiently and is more strongly linked with the export market of
Norway compared to France. This finding for the salmon fillet market in
Poland complies with the organization of market structures in Poland, and
specifically Norwegian companies’ direct ownership of the processing plants
in Poland, which is compatible with the hierarchy governance form
(Olafsdottir et al., 2019), ensuring strong price linkages between the export
market in Norway and the Polish market of processed salmon products.
Our comparative analysis was motivated in part by observed differences

in governance structures along the salmon value chains in France and
Poland. In particular, we noted that the direct ownership of the Polish
processing plants and direct transactional relationships with the French
retailers ensures strong price linkages and high market efficiency. However,
these implications are drawn from an analysis employing aggregated price
data and if terms of individual market transactions diverge from the trends
discovered for these markets at large, this would limit the generalizability
of our findings to the individual interfirm relationships along the salmon
value chains.

Notes

1. We use the terms “wholesale market” and “processing sector” interchangeably even
though price setting might differ at these two stages of the supply chain. As price data
is only available at the wholesale level, we assume that the pricing behavior at the
wholesale level closely follows that of the processing sector.
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2. Olafsdottir et al. (2019, p. 11) define relational governance as the “mutual dependence
between buyers and suppliers [that] leads to sustained interactions and explicit
coordination between both parties.”

3. In a captive type of governance structure, “suppliers are subject to the extensive
intervention and monitoring of lead firms and depend on resources and market access
provided by the lead firms” (Olafsdottir et al., 2019, p. 11).

4. The use of different periods makes the results not directly comparable, which might be
considered a limitation of the comparative study. Nevertheless, this study contributes
to the literature by providing valuable insights, especially regarding Poland, which has
not been studied before.

5. However, the test indicates three cointegration equations formed among five price
series at the 5% significance level, which is against the central market hypothesis
(Asche et al., 2012) suggesting that n� 1 cointegration vectors are identified for n
integrated markets.

6. Using the Lagrange Multiplier (LM) test, the null hypothesis of no serial correlation
with six lags cannot be rejected at the 1% significance level (p-value ¼ 0.47).

7. Using the Lagrange Multiplier (LM) test, the null hypothesis of no serial correlation
with one lag cannot be rejected at the 1% significance level (p-value ¼ 0.08).
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