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1. Introduction

Abstract

ing quotas for an addiThis study focuses on the price formation mechanisms and was conceived due to tional 8 weeks total (3
The objective of this pa- the crucial nature of the Adriatic small pelagic fish market. It covers several as- days a week). It can thereper is to define a small pects of the market, although those specifically connected with supply and de- fore be inferred that the spelagic fish price manage- mand were the primary focus. The issue of price formation mechanism is unique tate of crisis in terms of
the fish and seafood production sector as fishing companies, unlike many othment model for the most in
er industrial sectors, cannot plan production. Fishing boats head out to sea with- biomass still exists.
important Adriatic fishing out any certainty that the market will absorb the entire catch and that the price
Greater control of flucareas, and to plan fishing obtained will be profitable. This implies that, in practice, variable costs are not tuations in producer priactivities and catch vol- easily adjustable as they are paid in advance. In more general terms, this leads ces leads to more efficient
to a degree of asymmetry in the management of fishing companies.
umes, thereby optimizing The daily price series and associated volumes for the year 2009 were analyzed management of catches
the profitability for fishing for anchovies (Engraulis Encrasicolus) and pilchards (Sardina Pilchardus) in the and an increase in the
main Adriatic fishing areas. The analysis shows that a uniform approach to mancompanies.
the average price of small pelagic fish for the entire Adriatic Sea would not product’s value in marketThis working hypothesis aging
be effective, as this would negatively impact local niche markets. Specifically, the ing channels (which are
is inspired by both EC average annual prices for anchovies (Engraulis Encrasicolus) vary greatly at the currently obliged to abRegulation 104/2000 and different markets and there is little competition within the various fish and sorb volumes of small
the state of the Engraulis seafood markets. The study also focused on determining “no-fishing days” to pelagic fish that at times
control the supply of product on the markets, incorporating economic/income daEncrasicolus and Sardina ta from companies operating in the Adriatic small pelagic fish sector.
exceed demand).
Pilchardus biomass, which
In fact, if prudent manKeywords: price, seafood markets, small pelagic fish, no-fishing days.
can be considered critical.
agement of resources can
Evidence of the latter is
ensure that the price is
Résumé
provided by data from the Dans cette étude, nous allons parcourir les mécanismes de formation des prix dans both accessible for conLaboratory of Marine Bi- le marché des petits pélagiques de la mer Adriatique vu l’importance stratégique de sumers and profitable for
ology and Fisheries of ce secteur. L’attention sera focalisée sur les différents aspects du marché, en mettant producers, price can be
Fano
(University
of l’accent sur les éléments liés spécifiquement à la demande et à l’offre. Le mécanis- viewed as a tool for inme de formation des prix des produits de la mer est tout à fait unique étant donné
Bologna).
que les entreprises de pêche, contrairement à plusieurs autres secteurs industriels, ne creasing the commercial
The biomass indices in- peuvent pas programmer leur production. Les bateaux sortent en mer sans avoir au- value of the product. An
dicate a negative trend and cune certitude sur la capacité d’absorption des captures totales par le marché et la accessible price becomes
du prix. Cela signifie qu’en pratique, on ne peut pas intervenir facilement
the lowest absolute values rentabilité
sur les coûts variables puisque ceux-ci sont payés en avance, En général, cela cause even more attractive durof the decade. In 2010, a une certaine asymétrie dans la gestion des entreprises de pêche.
ing a period of economic
modest recovery took pla- La série des prix journaliers et des volumes associés en l’an 2009 sera analysée pour crisis and decreased conce, but the indicators es- les anchois (Engraulis Encrasicolus) et les pilchards (Sardina Pilchardus) dans les sumption, as is the current
principales zones de pêche adriatiques. Une approche uniforme à la gestion du prix
sentially remained at the moyen des petits pélagiques pour l’ensemble de la mer Adriatique ne serait pas effi- case.
lower end of the scale. cace parce que cela aurait des effets négatifs sur les marchés de niche locaux. En
Until now, management
With respect to 2011, the I- particulier, les prix annules moyens des anchois (Engraulis Encrasicolus) varient of small pelagic fish resur les différents marchés et la concurrence reste limitée. Il serait
talian Ministry of Agricul- considérablement
aussi utile d’adopter des “journées sans pêche” pour vérifier l’offre de produit sur les sources and the small
tural, Food and Forestry marchés, en prenant en compte les données économiques/revenu fournies par les en- pelagic fish market has
Policies doubled the man- treprises qui œuvrent dans le secteur des petits pélagiques de la mer Adriatique.
been based primarily on
datory fishing ban period, Mots-clés: prix, marchés des produits de la mer, petits pélagiques, journées biological principles; the
and also established fish- sans pêche.
impact on the profitability
of the sector has been held
to
be
of
secondary
importance.
This
analysis is therefore in* Ca’ Foscari University of Venice.
novative
in
the
sense
that
it
gives
equal
weight to both bio* * Socio-economic Observatory for Fishing and Aquaculture – Velogical and economic objectives.
neto Agricoltura. Chioggia - Italy.
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figures of interest. Nevertheless,
volumes of fish from Molfetta are
represented in the analysis since
fishermen from this area unload
their catch in other ports, particularly Martinsicuro and Ancona. This is
not the case for Trieste, but the volumes involved are marginal. It
should also be noted that Chioggia,
Pila, Porto Garibaldi, and Ancona are the four largest fishing areas and are therefore important subjects of investigation. Of
course, the contribution of the remaining five areas (Rimini and
Martinsicuro in particular) was considered.
The daily price series and associated volumes were collected (taking into account whenever possible production
that was not exchanged on the official market but was later
sold off through other channels) for Engraulis Encrasicolus
and Sardina Pilchardus in the ports of interest for the year
2009. The results of a preliminary analysis of these data are
provided in the tables 1 and 2.
The results clearly demonstrate that managing the average price for the entire Adriatic Sea does not make sense
and would not be effective, as it would negatively impact
local niche markets. Take for example Engraulis Encrasicolus:

2. Empirical evidence relating to the Adriatic small pelagic fish markets
With respect to the structure and nature of the data, it should
be noted that anchovy (Engraulis Encrasicolus) is certainly
the most important of the local small pelagic fish species, both
in terms of catch volumes and revenues. However, there are a
total of 11 species of small pelagic fish that could be analyzed.
While this does not imply that all species should be considered, as many are of marginal importance economically, selecting a single species (however important) to represent the
entire market would be an oversimplification. As such,
pilchard (Sardina Pilchardus) is included in the study along
with anchovy, given its economic importance.
There are ten Adriatic small pelagic fish markets that are
large enough to be considered for analysis: Trieste, Chioggia,
Pila, Goro, Porto Garibaldi, Cesenatico, Rimini, Ancona, Martinsicuro, and Molfetta. Trieste and Molfetta were immediately
excluded from the study due to insufficient data, as these markets have no structured system in place for daily recording of the

1. Average annual prices vary significantly in different markets, ranging from € 0.66 in Goro to € 1.70 in Martinsicuro.
2. There are several markets that, based on
the principles of economic theory, do not reTable 1 - Regional and temporal properties of the price of Engraulis Encrasicolus.
ally qualify as markets due to a lack of competition. Specifically, there are markets
where the price is essentially stable – the
modest standard deviations demonstrate an
equally modest briskness of trading, which
does not vary depending on the period of the
year. The data shows that there is competition in Chioggia, Ancona and Martinsicuro,
weak competition in Rimini, and lack of
competition in Pila, Goro, Porto Garibaldi
and Cesenatico.
3. The opinion of the producer organization
is that any additional measures to limit the
fishing of small pelagic fish should be done
on a weekly basis, with Fridays being proposed as the most suitable day for banning
fishing [Overview of Fishing in Veneto
(2011)]. However, the data shows that banning fishing on Fridays would be inopportune from an economic perspective, since
(with the exception of Goro and Porto
Garibaldi) Fridays are not the day of the
week with the lowest average price. The day
Source: Processed by the Socio-economic Observatory for Fishing and Aquaculture based on data prowith the lowest average price is Tuesday in
vided by producers’ organizations.
Chioggia and Ancona, Thursday in Pila,
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rad (1987), Sparre and Willmann (1993), Conrad and Clark
(1994), Danielsson et al. (1997), Mardle et al. (2000), Eide et
al. (2003), Garza et al. (2003), SEC (2006), Tjeerd-Boom et
al. (2008), Frost et al. (2009)].
It should be stressed that the objective of the analysis
goes beyond the simple price dynamics, going so far as to
outline management strategies available to the public decision-maker. These strategies take into consideration both
the economic requirements (value of the volume traded in
the markets) and the tools that are normally used to limit
fishing efforts (trips out to sea and catches).
When the various small pelagic fish markets (which are
primarily wholesale markets) are considered simultaneously, the predominant characteristic that emerges is the interaction effect among markets. In fact, major buyers (large-scale distribution companies and other retailers) communicate with intermediaries located throughout the Adriatic in
order to buy where the price is most advantageous. In practice, simultaneity may be a fundamental, central and deciding aspect of the price formation mechanism in the Adriatic basin. The analysis model must therefore meet two different requirements – it must incorporate the determining
variables that govern price (as well as their importance and
effect) and maximize the interaction effects.
The standard deviation of the price and the effect of volume on price were used to determine the markets for which
it would be more useful (at least a priori) to develop a price.
This method suggests that the most appropriate markets to
study are the following1:

Table 2 - Regional and temporal properties of the price of Sardina Pilchardus.

Source: Processed by the Socio-economic Observatory for Fishing and Aquaculture based on
data provided by producers’ organizations.

Monday in Cesenatico and Rimini, and Wednesday in
Martinsicuro.
4. It is therefore apparent that a non-uniform “leopard spot”
strategy for daily fishing bans should at least be considered. In fact, a higher average price is attained when trading takes place after a fishing halt of at least two days. It
should be noted that the ports that have the widest spread
between the two prices are those with the greatest competition: Chioggia, Ancona and Martinsicuro.

Table 3 - Markets of interest.

The rationale of these choices is based on the hypothesis
that when prices are close to their average value, and their
elasticity tends toward zero, the markets are probably less
competitive.
Based on tests performed on basic data, and taking into
consideration ideas from the literature [Clark (1985), Conrad (1995), Arnason (2000), Knowler (2002), Bjorndal et
al. (2004), Plagànyi (2007), Biscaro (2010)], the study considered the the following variables affecting price in each
market a priori:

3. Definition and computation of the model
The literature offers numerous studies that evaluate the
commercial and production dynamics of fishing. However,
none have the same objectives or depth as the present study,
which features:
1. variables considered on a daily rather than annual,
monthly or weekly basis;
2. areas subdivided into individual fishing areas rather
than regions or provinces;
3. analysis of price formation mechanisms rather than
mere price, with the aim of developing hypotheses for regulating the volume of supply.
When surveying the literature, it was necessary to concentrate on bio-economic and economic modelling, as these focus (or should focus) specifically on price [Bjorndal and Con-

Tables 4 - List of predictors.

1 With respect to the representative markets for Sardina
Pilchardus, it should be noted that the exclusion of Goro is due to
its marginal economic importance (only 36 trading days and an average daily volume of 122 kg). In contrast, Ancona was included
due to its economic importance, despite price fluctuations.
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Having selected the relevant markets and the variables
that are most likely to affect prices, there are various types
of analysis models that can be run. The three that are of
most interest are a simultaneous equation model, a neural
model and an autoregressive integrated moving average
model.
The first type, the simultaneous equation model, is the
well-known three-stage least squares regression model; it
was computed using Eviews 7.1. The second type, the neural model, is a multilayer perceptron model (two hidden
layers, tangent-sigmoid hidden function, tangent-sigmoid-identity output function, batch-minibatch training method,
gradient descent and scaled conjugated gradient optimization method); it was computed with Pasw Statistics 18. The
third type, the autoregressive integrated moving average
model, also takes into consideration some predictors and is
therefore an ARIMAX model; it was computed with Pasw
Statistics 18.
The computation of these three different types of models
generated different results. Bearing in mind that the most
important criterion is accuracy (minimum error) in simulating the market price, the best model proved to be the
ARIMAX model. There are additional reasons for dismissing the simultaneous equation model and the neural model.
In both models, it is difficult to deal with outliers2, while
in the neural model there is the additional complexity of assigning an easily interpretable economic significance to the
various stages of estimation.
The computed structure of the ARIMAX model is as follows

Table 5 - Legend of variables and symbols used in the model.

The model allows the area of influence of the markets to be identified. With regard to Engraulis Encrasicolus, Chioggia and
Ancona markets show a large area of influence, whereas that of
Martinsicuro market is more limited. With regard to Sardina
Pilchardus, the markets generally have a very limited area of influence (Martinsicuro is an exception in this case as well).
As is apparent, the regions associated with each of the
markets studied are highly heterogeneous, both in terms of
composition and size. This, of course, adds an additional
layer of complexity to any market intervention by public
decision-makers.
The methodology proposed takes also into consideration
the importance of calendar effects, specifically:
Finally it is worth highlighting a fundamental aspect of
the model – its reliability as a forecasting tool. It can be assumed that the model has good out-sample predictive power. Excluding the days with outliers, the in-sample and outsample estimation errors are as follows:

where P is the price, X are the predictors, p is the maximum order of the autoregressive component, d is the maximum order of integration, q is the maximum order of the
moving average components, L is the lag operator, and
is the error term.
Before discussing the primary results of the ARIMAX
model, attention should be brought to the legend of variables and symbols. The following legend is an example that
refers to the market in Ancona3:

4. Simulation of a new strategy
After selecting the best ARIMAX model, a procedure for
simulating the economic impact of regulating the volume of
supply of small pelagic fish was devised. The procedure involves the following:
1. Determination of the unit production cost (an essential
step).
2. Determination of the type of unit production cost that
is most appropriate for use in market interventions (to regulate the volume of supply) by public decision-makers. A
priori, the ideal parameter would be the total unit production cost. However, fixed costs must also be considered.
These may vary greatly from company to company, depending on the age and size of the boats (major factors in
depreciation), the company’s debt level (financial burdens),

2 The computing of the ARIMAX model with Pasw Statistics 18 allows the detection and neutralization of all types of outliers (additive, level shift, innovational, transient, seasonal additive, local
trend, additive patch).
3 The dummies absent from this legend are not statistically significant for any market (the first and the fifth calendar effects).
4 This dummy is not among those considered a priori (table 4);
it was added during the estimation process. It is not a calendar effect. It aims to capture the typical characteristics of the market that
are not explicitly represented by other variables [such as the quality of the fish].
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ducers’ organization is the unit variable cost,
since this is (potentially) much more uniform
among the companies involved. If the cost
parameter is changed from the total cost to
the variable cost, the impact of the market
regulation should be measured based on the
contribution margin (profit – variable costs)
rather than the net profit (profit – costs). In
other words, the market intervention would
be assessed in relation to its ability to allow
for companies to finance fixed costs.
3. Given the price, it is evident that a uniform cost parameter is essential as this also
ensures that the market intervention has a uniform impact on the companies, thereby
averting any discriminatory effects (avoiding
any unfair advantages caused by the different
cost structures of the various companies).
Thus, a possible strategy for regulating the
volume of supply can be summarized as follows:
1. The establishment of an appropriate reduction in the volume of the supply, attained
by decreasing the permitted number of fishing days (taking into consideration the average daily catches of the Engraulis Encrasicolus/Sardina Pilchardus boats). This paper
is proposing an innovative approach to determining the fishing ban days, specifically a
non-uniform “leopard spot” strategy. This
would entail banning fishing on the days that
historically had an excess supply, followed
by those that generated lower profits. The selection of days must take into consideration
all of the Adriatic markets to avoid potential
moral hazard problems5.
2. The effect of the decreased supply will
be an increase in price. The volume sold
would be lower, so total profits could potentially decrease. However, the reduced number of fishing days would lead to an analogous reduction in the total variable costs.
The contribution margin could therefore be
higher or lower than it would be in the absence of any regulation of the volume of
supply.
3. The contribution margin will be used to
assess the effects of regulating the supply. If
the contribution margin is lower, the intervention should not be viewed as a failure since reducing the number of fishing days has positive effects on the reproduction of
fish and seafood resources (and ensures future profits).
A concrete example is offered by the simulation of such a
strategy in Chioggia Engraulis Encrasicolus market.
Specifically, it is interesting to compare the “leopard spot”
strategy with the “traditional” strategies:

The primary results of the model are shown in the following tables:

and the total payroll, based on the contract minimum (depends on the number of crew and their positions, which in
turn depend on the type and size of the boat, and the seniority of the crew). This suggests that the cost parameter
that should be used by the public decision-maker or the pro5 Some fishermen may catch fish in areas that are not banned,
and sell the fish in the markets of banned areas.
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1. the strategy proposed by the fishing companies of banning fishing on
Fridays;
2. the strategy proposed in the national planning documents GSA17
and GSA18 of having a uniform reduction (every day of the year) of fishing efforts.
A simulation using the data for
Chioggia from 2009 (excluding 13
days that had abnormal prices) results
in the following economic changes:
Although there is a decrease in the
contribution margin, the amount lost
by employing the “leopard spot” strategy would only have a modest impact
on the individual companies as the
above figure is the combined annual
total for all of the companies. Furthermore, it could be viewed as an “acceptable price to pay” to increase the
reproduction of the biomass. The simulations of the three proposals unequivocally demonstrate the superiority of the “leopard spot” strategy for reducing supply, as it has the least economic impact on operators.
A few clarifications should be made
regarding the methodology:
1. The amount of the reduction in
the volume of supply should be as
close as possible in the three cases, to
ensure comparability.
2. The public decision-maker must
make decisions for the entire Adriatic
rather than individual markets (for obvious reasons of fairness and to avoid
opportunistic behaviour on the part of
the companies involved).
3. The “fishing ban on Fridays” strategy was used as a reference to determine the reduction in volume for each
market and for the Adriatic. The total
reduction for all of the Adriatic markets is 10.66%, but it is clear that implementation of this strategy implies
that each market will have a different
reduction in supply.
4. The “uniform reduction” strategy
must therefore be based on this same
percentage, applying the decrease to
each day the market is open (without
adding any fishing ban days).
5. This same percentage of reduction in
supply (10.66%) was also applied to
the “leopard spot” strategy. This was
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tunistic behaviour on the part of operators. It is therefore possible that a day identified as “less profitable” on an Adriatic-wide basis is not necessarily “less
profitable” for every single market.
Based on the above issues, it is inevitable
that the volume of supply removed from
the markets with each of these three strategies is similar, but not identical. In
addition to addressing these important
methodological aspects, it is also necessary to assess the applicability of the new
strategy. Clearly this study involves a
simulation, not a forecast, since the nofishing days were selected based on data
from the year 2009. When applying this
strategy to future time periods, however,
public decision-makers or producers’ organizations must determine a priori the
most appropriate no-fishing days. A specific forecasting model is therefore needed to determine suitable dates. The creation of such a model, however, goes beyond the scope of the present analysis.

Table 6 - Area of influence by species and markets.

5. Conclusions
The analysis and simulations of the
model outlined here bring to light some
important characteristics of markets,
which need to be considered when planning regulatory interventions in the sector. EU legislation authorizes producer
organizations to manage the number of
Source: Processed by the Socio-economic Observatory for Fishing and Aquaculture based on data profishing days, taking into consideration
vided by producers’ organizations.
not only biological factors but also economic aspects and earnings.
Table 7 - Calendar effects by species and market.
The Adriatic small pelagic fish price
analysis and management model is
most effective when it is part of a comprehensive strategy to manage production and marketing.
The results obtained with the ARIMAX model show that, in addition to the
obvious impact of local factors, price
formation is influenced by two effects:
1. the interaction effect: the predicSource: Processed by the Socio-economic Observatory for Fishing and Aquaculture based on data provided by producers’ organizations.
tors of price refer to the general Adriatic context6;
achieved by first subtracting from the volume on days that
2. the effect of simultaneity: the most important predichad excess supply, and then subtracting from days that were tors are relevant over the same time horizons7.
less profitable. In actuality it was necessary to approximate,
6 Seven markets were analyzed: three for Engraulis Encrasicolus
as the volume of supply needed to be reduced by the target
and four for Sardina Pilchardus. Non-local predictors, belonging
amount. Furthermore, it is clear that decisions for both to other markets, are statistically significant in five of these markets.
7 In the seven markets considered, the analysis identified a total
methodologies (elimination of excess supply days and less
profitable days) must be made on an Adriatic-wide basis of 46 statistically significant predictors; only five of these are temrather than for individual markets, so as to prevent oppor- porally misaligned with the dependent variable.
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