A Cost-Benefit Analysis of a
Public Labelling Scheme of Fish Quality

Max Nielsen
Frank Jensen
Eva Roth

January 2004



All rights reserved. No part of this WORKING PAPER may be used or repro-
duced in any manner whatsoever without the written permission of IME except
in the case of brief quotations embodied in critical articles and reviews.

© University of Southern Denmark, Esbjerg and the authors, 2004

Editor: Eva Roth

Department of Environmental and Business Economics
IME WORKING PAPER 53/04

ISSN 1399-3224

Max Nielsen

Danish Research Institute of Food Economics
Rolighedsvej 25

DK-1958 Frederiksberg C

Tel.:+45 35 28 68 94

Fax: +453528 6801

E-mail: max@foi.dk

Frank Jensen and Eva Roth

Department of Environmental and Business Economics
University of Southern Denmark

Niels Bohrs Vej 9-10

DK-6700 Esbjerg

Tel.:  +45 6550 4208 and +45 6550 4186

Fax: +45 6550 1091

E-mail: fle@sam.sdu.dk and er@sam.sdu.dk



Abstract

The purpose of this paper is to introduce a new method capable of evaluating
the economic welfare for quality graded fish products using the hedonic price
method for plaice in Denmark. Today no labelling scheme exists for the final
consumers of different qualities of fish. A scheme does only exist at the first
hand market. On this basis, a general applicable theoretical and empirical
method is developed to compare the costs and benefits of the hypothetical
choice between the total absence of labelling and the presence of a public label-
ling scheme, which fully inform consumers on the quality and simultaneously
allow the producers to differentiate prices between quality grades. It is shown
that the economic welfare associated with a public labelling scheme is at mini-
mum 263,000 euro. Sensitivity analysis shows that this result is robust. The pol-
icy implication is that a public labelling scheme should not be implemented as
the demand and cost functions have low elasticities, implying that the welfare
gain 1s low.

Key words: Co-integration, fish quality, hedonic pricing, public labelling
scheme, welfare.
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1. Introduction

The objective of the present paper is to introduce a new method for calculating
the economic value of fish quality, thereby being able to evaluate the economic
rational for implementing a public labelling scheme for fish quality in the retail
market for plaice in Denmark. The rationale is evaluated by comparing the wel-
fare of total absence of labelling with the welfare in the presence of a full public
labelling scheme, where perfect information prevail and where producers dif-
ferentiate prices accordingly. The economic welfare is calculated both with and
without labelling, thereby identifying the rise in welfare associated with the in-
troduction of labelling. This is done under two alternative assumptions on the
reaction of the market. In the first case it is assumed that the price adjustment in
the market remains unchanged despite the introduction of the public labelling
scheme while the second case establishes a market reaction which leads to a so-
cial optimum. Thereby, a lower and an upper limit of the welfare associated
with a public labelling scheme appear. Price differentiation is assumed possible
only with labelling, with prices being higher for higher quality fish. Without
labelling fish of all qualities are sold at the same price. The hypothesis of the
paper is that the benefit of the introduction of a public labelling scheme of
plaice quality is small, since demand for fish generally is inflexible to changing
quantities (Nielsen (1999)). This is further underlined by the relative insignifi-
cance of supply of one country to the total market. Provided that this is the case,
the costs might be larger than the benefit and the scheme should not be imple-
mented for rational economic reasons.

The empirical analysis departs from the first-hand market for plaice in Den-
mark, where the European Council Directive (no. 2406 of 1996) on the com-
mon marketing standards for fish products is in force. According to this, quality
grading of fish in all landing markets in the EU is obligatory. Welfare is defined
as consumer and producer surplus, with and without labelling. Hence, the pre-
sent quality differentiation of the first-hand market serves as an approximation
of the welfare premium at the retail market. Welfare appears from estimating
demand and cost functions. The demand functions for consistently aggregated



plaice products are identified using co-integration, since data are non-
stationary. The cost functions are identified using a simple calculation proce-
dure. Comparing the welfare with and without a public labelling scheme identi-
fies the welfare effects of the potential introduction of a full scheme.

The welfare calculations are based on prices in the first-hand market, implying
that these are the prices the consumers pay. Hence, an implicit assumption is
that trade of plaice in Denmark takes place directly between the fishermen and
the final consumers or, alternatively, that a fixed mark-up in the intermediate
trade equal to costs prevail in the trade. Both assumptions have a similar out-
come for the economic argument and imply that fishermen earn the producer
surplus, while the final consumers earn the consumer surplus. In reality, a
whole supply chain is present when plaice is traded in Denmark. When the fish
is caught it is most often sold through the auction system. A part of the catch of
plaice is exported as fresh and chilled plaice primarily to the European market.
A large part goes to fish processing factories from which it reaches the market
mostly through Danish and European supermarket chains. For each supply
chain in this business procedure a market exist and, thereby, a consumer and
producer surplus is earned. Therefore, the calculated welfare does not include
the consumer and producer surplus earned in the remaining part of the supply
chain.

The issue of quality is important in fish markets, since consumers cannot neces-
sarily distinguish quality of plaice. Although it might be possible for some con-
sumers to distinguish quality of fresh plaice before purchase, for example
through the smell, the look of the eyes and the consistency of the flesh, it is
generally presumed that only some consumers have this ability. Furthermore, it
1s more difficult for consumers to distinguish quality of processed products,
such as fillets and panned fillets, before purchase. It might be possible to distin-
guish the quality of these product forms during consumption, but even then it
might not be the case for several consumers. Contrary, it can be argued that
since fish purchase in most instances is a repeated game, the purchase of bad
quality would simply lead the consumer not to abstain from further purchase



but to change supplier. In other words, it is assumed that the demand function is
unchanged by the experience of bad quality. This implies that consumers might
be able to judge the quality during consumption. Therefore, it remains uncertain
whether consumers in general actually can distinguish the quality of plaice, but
since the majority of plaice landed in Denmark are sold in processed forms it is
assumed throughout this paper that consumers cannot distinguish. The ability of
consumers to judge quality might be decisive for whether the introduction of a
public labelling scheme is relevant. If they cannot distinguish the quality, the
introduction of labelling solves a potential information problem, but if they
have the ability to distinguish the quality, the scheme can be considered unnec-
essary. However, despite their possible ability to distinguish, consumers might
be interested in the introduction of the scheme, since it implies that they can be
perfectly certain on the quality. Such certainty might be important for consum-
ers due to the utility of eating fish, but also as a signal of high food safety.

The implication of consumers being unable to judge quality is that an imperfect
information problem arises. This situation has similarities with the problem dis-
cussed by Akerlof (1970) in the market for lemons. In this market the producers
cheat the consumers by pretending that a good of low quality has high quality.
Thereby, the producers increase their profit. In this paper an imperfect informa-
tion approach similar to Akerlof (1970) is used. In the case without labelling it
1s assumed that an expected demand curve exists. This expected demand curve
is calculated from the demand curves of different qualities using probabilities
for the different quality levels. Now one, and only one, price is used to calculate
the expected quantity of fish that is consumed. One price for fish exists because
of imperfect information. A public labelling scheme meets this information
problem and distributes the fish of high quality to the consumers who prefer
them. Furthermore, it can support the producers by allowing them to differenti-
ate prices.

The issue is also interesting in relation to the choice between public and private
labelling schemes in that a compulsory public labelling scheme is normally in-
troduced for the benefits it brings to society. Contrary, it can be argued that a
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private labelling scheme is launched if it is profitable for the companies partici-
pating and the companies voluntarily joining the scheme. This type of labelling
does not necessarily lead to the maximisation of total welfare. Instead, private
labelling is meant to differentiate the market so as to differentiate the prices and
transfer consumer surplus into producer surplus. Hence, if labelling shall be in-
troduced according to a cost-benefit criteria, the welfare should necessarily in-
clude both consumer and producer surpluses and the gain to society must be
higher than the costs associated with developing, monitoring and controlling the
scheme. In the Nordic countries labelling schemes are most often introduced,
monitored and controlled by the public.

In the economic literature, economics of information with regard to consump-
tion have developed over several years, starting at least from Nelson (1970),
who introduced “search costs* attributable to the time and energy spend by the
consumer to determine and obtain the products with the desired quality. Based
on the Lancaster (1971) theory of characteristics, Nelson (1974) distinguish be-
tween search and experience characteristics of goods, where consumers can de-
termine the properties, including quality, of a search characteristics before they
buy the good, while the properties of experience characteristics are only appear-
ing during consumption. Darni and Karni (1973) further introduce the credence
characteristics, where consumers cannot determine the properties of the good at
all, not even after they have consumed it. According to Caswell (1998), label-
ling of fish has the effect of transforming the experience and credence charac-
teristics into search characteristics, thereby increasing welfare.

Another direction in the literature is the principal-agent approach, which is de-
veloped as a recent solution to the problems of imperfect information (Varian
(1992)). This approach applies a solution of a tax/subsidy mechanism to correct
the market failure that arises with imperfect information. An alternative to the
principal-agent approach is labelling in the situation where imperfect and
asymmetric information exists in the consumer market. The producers know the
quality of the fish products whereas the consumer is uninformed and the label-
ling solution to this asymmetry is studied in this paper.
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A few studies also identify consumers of labelling empirically. Wessels et al.
(1999) and Pickering et al. (2001) estimate consumer willingness to pay for
seafood labelling using stated preference methods. By focusing on consumer
willingness to pay the production side of the economy is ignored. This paper
applies the revealed preference method of hedonic pricing to measure consumer
benefit of the quality property contrary to Wessels et al. (1999) and Pickering et
al. (2001). The authors are not aware of the existence of any articles identifying
the total welfare of labelling of fish products including both consumer and pro-
ducers surplus. Neither are the authors aware of articles modelling market reac-
tions on the introduction of labelling which leads to the social optimum, nor of
articles using co-integration in the estimation of the demand system as the basis
for welfare analysis.

The paper is outlined as follows. In section 2 a theoretical model for calculating
the economic welfare of a public labelling program is presented, while demand
and cost functions are estimated in section 3. Section 4 presents the results of
the cost-benefit analysis and section 5 discusses the results and the implications
of the findings.

2. Theory

In this section the theory behind calculating the economic value of fish quality
is sketched. Within the theory of valuing the benefits of environmental goods
two traditions, stated and revealed preferences, exist. Stated preference methods
include contingent valuation (Mitchell and Carson (1981)) and the idea behind
this method is to ask consumers to state their preferences for a non-market good
using direct survey methods. Revealed preference methods include the travel
cost method (McConnell (1985)) and the hedonic price method (Harrison and
Rubenfeld (1978)). Travel cost methods are based on the fact that private re-
sources are sacrificed in order to consume an environmental good. This is used
to estimate a demand curve. The idea behind the hedonic method is that differ-
ences in the level of an environmental good are reflected in the price of a pri-
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vate good. In this paper, the hedonic price method is used, because differences
in the level of fish quality are assumed reflected in the price of fish.

In the introduction it was mentioned that the purpose of the paper was to evalu-
ate whether a public labelling scheme of fish should be implemented. There-
fore, a model for the market of fish with and without a public labelling scheme
1s necessary. First, a model for the fish market with a public labelling scheme is
introduced. Assume that trade of fish takes place directly between consumers
and fishermen and three qualities of fish, s;, s, and s3, exist, where / express the
highest quality and 3 the lowest quality. s; for i =1,2 and 3 is assumed to be a
discrete variable. With a public labelling scheme different prices for different
qualities can exist. Therefore, three different demand functions are postulated:
P[ :ﬁ(ql, S]), Pg :ﬁ(QQ, Sg) and P3 :ﬁ(Q3, Sg) where P,' fori= ], 2 and 3 1s the
price and ¢; for i = 1, 2 and 3 is the quantity.' For each quality of fish a cost
function, Ci(gq;) for i = 1,2 and 3, 1s also assumed to exist. The cost function
measures the opportunity cost of catching fish. A regulatory authority (society)
maximises the net benefit of the fishing activity. This net benefit can be defined
as:

Max‘[)qlfl(ql,sl)dql +I0qu2(Q2ssz)dq2 +J.,23f3(%953)d% -Ci(q))-C,(q,)—C5(q3) (1)
S.t.
qg,+9, tq; <K (2)

where K is a quota. (2) is a quota restriction expressing that the sum of catches
of all qualities must not exceed the quota.

Assuming a binding quota restriction, the first-order conditions are:

1  In the theoretical model, it is assumed that the price of one quality only depends on the con-
sumed quantity of that quality grade. In reality, fish of various qualities is substituted and in the
empirical model such substitution is included. However, the possibility of substitution between
qualities does not change the theoretical argument and, therefore, this possibility is excluded.
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fi(q,,s,)—MC, —21=0 (3)
folq,,8,)-MC, —A=0 (4)
f3(q5,5;)—MC; —A=0 (5)

where MC; for i = 1,2 and 3 is the marginal cost and A is a Lagrange multiplier
included due to the quota restriction. Because / express the highest quality and
3 the lowest quality a natural assumption is that MC;, > MC, > MC;. Because 1
1s the same for all three qualities this implies that P, > P,> P;.

A 1s the shadow price of the quota restriction and measures the loss in welfare of
catching fish of one quality due to lost catch opportunities of other qualities. In
this way A captures the social cost of an externality, which can be labelled the
quota externality. The quota externality arises because catches of fish of one
quality implies a cost in terms of decreased catch possibilities of other qualities.
When the quota is set in an economic optimal way the quota externality is ex-
actly equal to what is commonly referred to as the stock externality (Clark
(1991)).

Because 4 is equal for all qualities, it is social optimal to select quantities such
that P, — MC; = P, — MC, = P; — MC;. Thus, the implication is that the social
optimum occurs where prices are equal to a common mark-up over marginal
cost. The mark-up over marginal cost reflects the cost of the quota externality
(stock externality).

The social optimal solution is illustrated in figure 1.
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Figure 1. The social optimal solution with labelling
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The difference between the price and marginal cost must be equal to 4 for all
qualities. Therefore, q;* ¢>* and g;* is the social optimal quantity of fish of
quality /, 2 and 3 and P;* P,* and P;* is the optimal prices. The total con-
sumer surplus for all three qualities is abP;* + cdP,* + efP;* while P;*bg0 +
P>*dh0 + P;*fi0 is the total producer surplus. The total welfare, assuming that a
labelling scheme induces optimal quantities, is the sum of producer and con-
sumer surplus.

However, there is no guarantee that the market will secure ¢;*, ¢,* and g;* and
the total welfare calculated in figure 1 is, therefore, an upper estimate of the
welfare. A lower estimate must, therefore, also be established. In table I the ac-
tual prices of various qualities, P;’, P,'and P;’, is reported. The quantities of
different qualities, ¢g;’, ¢g>’and g;’, assuming actual prices may now be found
from the equations P; =fi(q,’, s1), P>'=fx(q>’, s5) and P;'= fi(qs’, s3)". In addi-
tion, the marginal costs may be found by solving MC,=MC,(q,’), MC,’ =
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MC5'(q;") and MC;'= MC;'(q;’). By using P;’, q;" and MC;" for i =1, 2 and 3,
consumer and producer surplus and, thereby, welfare, can be calculated assum-
ing current prices. This can be considered as a lower estimate for the welfare
achieved by a public labelling program, because an implicit assumption is that
no market reaction occurs.

Now turn to the case without labelling. Consumers cannot distinguish between
various qualities of fish and, therefore, one price exists in the market for fish.
Assume that a probability, z, fori=1,2and 3exist for consuming a fish of quality

i. Now an expected market demand function can be defined as P = m(q), where
P is the common price and q is the aggregated output. In addition, an industry
cost function can be defined as C = C(g). Turn now to society’s maximisation
problem without labelling which can be written as:

Max(['m(q)dg~C(q)) (6)
S.t.
qg<kK (7)

In the case of a binding quota restriction, it follows that:

P =K ®)
(8) expresses that the quantity caught is equal to the quota.

The first order condition of the maximisation problem is:

m(q) —MC—-1=0 9)

A 1s the shadow price for the quota restriction and express that fish caught by
one fisherman has an opportunity cost in terms of lost fishing opportunities for
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other fishermen. In this instance, 4 is again a measure of the quota externality.
Because 4 > 0, P > MC and for the society it is again optimal to select quanti-
ties such that the prices are larger than the marginal cost. The difference be-
tween price and marginal cost reflects the quota externality and, thereby, the
stock externality if the quota is set in an economic optimal way.

Figure 2 illustrates the solution.

Figure 2. Social optimum without labelling
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In figure 2 the optimal quantity is ¢* and this optimal quantity is equal to the
quota. P* is the optimal price and the price is larger than the marginal cost re-
flecting the quota externality. The total producer surplus is P*/g0, while P*af is
the consumers surplus. The sum of producer and consumer surplus is the total
welfare.
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As in the case of labelling the welfare sketched in figure 2 is an upper bound for
total welfare because optimal quantities are assumed. A lower bound is ob-
tained by using the current average price, P’, in table I. Now the quantities are
found by the equation P'= m(q’) and the marginal costs by the equation MC" =
MC(gq’). On basis of P’, ¢ and MC" a lower bound for consumer and producer
surplus and, thereby, welfare can be calculated.

Irrespectively of whether current or optimal prices are used the net benefit of a
public labelling program may be found. Let WUL be the economic welfare
without labelling and WL the net benefit with labelling. Now NB = WL — WUL
is the net benefit of a public labelling program. Assume, further, that a cost of
PC of implementing a public labelling program is induced to society. If NB >
PC the labelling program shall be implemented, while the program shall not be
implemented if PC > NB. Such calculations will be performed in section 4 for
plaice in Denmark.

3. Empirical estimations

In this section, the demand and cost functions are identified for plaice traded in
the Danish market. Before that, however, data is examined.

Data on plaice landings in Denmark were obtained from the Danish Directorate
of Fisheries. The data are monthly, cover the period January 1993 to December
1998 and includes both landings of domestic and foreign fishermen. The data
are sorted into quality extra (E-quality), A-quality, B-quality and not admitted,
in accordance with the Council Regulation (1996) laying down the common
marketing standards for certain fishery products. The quality differentiation is
defined for freshness and includes the colour of the skin and skin mocus, the
look of the eye, gills and peritoneum (in gutted fish), the smell of gills and ab-
dominal cavities and the consistency of the flesh.
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The data are available in volume, value and average price for different quality
grades. The average prices are in fixed prices corrected using the consumer
price index. Data summary statistics are presented in table I as yearly averages.

Table I. Data summary statistics, yearly average, 1993-98

Quantity Price

/tonnes /euro per kilo
Plaice:
Grade E 7,104 1.86
Grade A 16,728 1.68
Grade B 24 1.08
Not admitted 2,172 0.40
Total 26,028 1.62

Table I shows that 92% of total landings in the 72 periods (months) are graded
as E, A and B-fish. It, further, appears that two-third is graded as A-fish and
that the average price increases with the level of quality as expected. The aver-
age price of the not admitted fish, however, shows huge fluctuations over time.
The reason is that this grade is used as a residual where fish incorrectly graded
are entered. Due to the presence of this situation, the not admitted fish are ex-
cluded from further analysis. Furthermore, the total landings of approximately
26,000 tonnes correspond to the quota, assuming perfect quota utilisation. Fi-
nally, it appears that the prices of E and A fish are relatively similar, while B-
fish are cheaper.

The methodology used to identify demand functions starts with the estimation
of a simple average inverse linear demand function, where the inverse form is
selected since in the case of fisheries it is, according to Wilen (2000), quantity
that is predetermined at the market level due to the widespread use of quantity
regulation. The linear form is selected since it might be globally decreasing and
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have a positive intercept, implying that it is possible to calculate the consumer
2
surplus.

The regression equation for the demand function P=m(q)=y, -y,q is, however,

only valid for stationary data series. A data series is stationary if it moves ran-
domly around a constant mean over time and non-stationary if it follows a
trend. A non-stationary data series is integrated of degree one, i.e. I(1), if its
first differences moves randomly around a constant mean over time. For an I(1)
data series the Johansen co-integration rank procedure must, therefore, be used.
Hence, since all data were tested for the presence of unit roots using Aug-
mented Dickey-Fuller tests found to be I(1), co-integration must be used. A tra-
ditional vector auto regressive model in error correction form with the constant
restricted to the co-integration space and the parameter estimates unrestricted is
used following e.g. Jaffry, Pascoe and Robinson (1999).

Based on the estimated average demand function, individual demand functions
can be identified, provided that the prices of the different quality grades are
formed within the same market. This follows from the Composite Commodity
Theorem of Lewbel (1996), which states that if two or more price series can be
described by the same common factor, the relative prices remain fixed and
prices will move together over time. Thus, a composite commodity can be con-
structed. It 1s, however, a “reverse” use, since in a situation where the theorem
is in force, the average demand function is disaggregated into three individual
demand functions. This is done knowing that the individual demand curves are
parallel to the average demand curve, since a price change in one of the com-
modities affects the quantity of the commodity in the same direction and scale.
Therefore, the individual demand curves are calculated given the knowledge
that they are parallel to the average demand curve with the distance between
them given by the difference in average prices.

2 This is not the case in an Inverse Almost Ideal Demand system, since it is based on a second
order approximation around the optimal point of the true preference structure (see Jensen, Niel-
sen and Roth (2003)).
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It follows that it must be tested whether the prices of the different quality grades
are formed within the same market. This is done using the Stigler (1969) defini-
tion of a market as “the area within which the price is determined, allowances
being made for quality differences”. The basis is the traditional test of the Law
of One Price (LOP) for I(1) data, where trending prices must move perfectly
together over time in order to be formed within the same market. Asche,
Bremnes and Wessells (1999) provide with their model the point of departure,
with the only difference being that the present estimation is with a trend term
restricted to the co-integration space. The reason is that the quality which
caused price differences are then also allowed to be non-stationary. Provided
that the co-integration test identifies one (and only one) integrating factor which
is common to all the price series and that the test of the LOP shows that the
LOP is in force, prices follow each other over time and, thus, the individual
demand curves are parallel to the average demand curve.

The average demand function was estimated without misspecification problems
for a model with 8 lags and eleven centred seasonal dummies included. The
misspecification tests included autocorrelation, normality and autoregressive
conditional heteroscedasticity tests and conclusions on the absence of misspeci-
fication problems are obtained at the 5% significance level. The result of the
Johansen test is reported in table II.

Table 11. Johansen test with average price and quantity included

Model Hy: rank=p  Eigenvalues Trace test' Coso
Period =93.01-98.12 P=0 0.18 19.87%** 19.99
Lags =8 p<=1 0.10 6.91 9.13

11 seasonal dummies
72 observations

Note: 1. */*** = Significant at the 1 and 10 percent levels, according to critical val-
ues known from Johansen (1996).
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It appears that a rank of one is obtained at the 10% level as required, implying
that the function can be exact identified. The average demand function for
plaice landed in Denmark is identified as p =15.8—-0.0000011%¢ .

Given that prices of the different quality grades of plaice are formed within the
same market, the individual demand functions of the different quality grades
can be identified. In order to ensure that the different quality grades are formed
within the same market, co-integration tests and tests of the LOP must be per-
formed. This was done for a model with 8 lags, with a trend restricted to the co-
integration space and with eleven centred seasonal dummies included. Again,
the model was estimated without misspecification problems. The results appear
in table III.

Table I11. Multivariate Johansen test of the price series and test of the LOP

Model Hy: rank=p FEigenvalues Trace test’  Coso,

Period =93.01-98.12 P=0 0.34 49.55% 42.20
Lags =38 p<=1 0.22 23.42%** 2547
11 seasonal dummies p<=2 0.11 7.42 12.39

72 observations

Note: 1. See table II.

Table III shows that a rank of two was found on the 10% level between the
price series for the three quality grades of plaice. The Likelihood Ratio test sta-
tistics is 7.14 and accepting a p-value of 3%, the test of the LOP was also ac-
cepted. This implies that the LOP is in force and prices of the different quality
grades of plaice move together over time. Thus, prices are formed within the
same perfectly integrated market and the individual demand functions can be
identified. This is done knowing that the slopes are the same as the slope of the
average demand function and with the differences in intercepts of the individual
demand functions given by the differences between average prices. Thereby,
the three individual demand functions are given by:

21



p, =17.6-0.0000011*¢, (10)
p,=162-0.0000011%q, (11)
p, =11.8-0.0000011%¢, (12)

The estimated demand curves have, as expected, a very low elasticity.

In order to calculate the expected market demand curve, some probabilities for
the various quality levels are necessary. Assume that the output shares are an
estimate for these probabilities. In this case the expected demand function is
given by the average demand function:

p=15.8-0.0000011%¢ (13)

(13) has a very low elasticity.

The methodology used to identify the cost functions is based on that the costs
reflect opportunity costs. This implies that the costs of an activity are the bene-
fit loss of using the resources in an alternative way. However, assuming perfect
competition in the economy the opportunity cost of fishing is exactly the costs
associated with the fishing activity. This implies that the account statistics in
Anon (1998) can be used to calculate the economic costs associated with fish-
ing plaice of various qualities in Denmark. However, because account statistics
are only available for five years it is impossible to estimate a cost function us-
ing econometric methods. Therefore, a method in Jensen (2002) is applied to
determine a cost function. The idea in this method is to calculate a cost parame-
ter based on information on total costs and catches of each quality.

First, it 1s necessary to calculate economic costs from the account statistics. The
idea is to take the total expenditures for all species harvested minus deprecia-
tions. Then, assuming that the skipper has an alternative employment opportu-
nity equal to the wage rate for employment in the fishing sector, the cost of the
skipper is added to the total costs. Taking the share of plaice of the total reve-
nue and multiplying with the total cost of all species gives the total cost of
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plaice. Then, total cost of various qualities of plaice is found by multiplying the
total cost of plaice by the share of the quality category of output. Now the fol-
lowing cost functions are assumed:

TCE:quZ (14)
TCA=qu2 (15)
TCB:quZ (16)

Calculation shows that e = 0.0000064, /= 0.0000018 and g = 0.00000099 and
the hypothesis that MCr > MC, >MCjy is confirmed.” The parameter estimates
show that marginal cost functions is inelastic.

The total cost function for all plaice for the case without labelling is corre-
spondingly established, but now on the basis of aggregated costs and the aggre-
gated catches of all plaice. This market cost function is assumed given by:

TC = hq’ (17)

Where 2 =0.00000018. Again the marginal cost function is inelastic.

4. The net benefit of a public labelling program

The economic welfare associated with implementing a public labelling scheme
1s calculated in this section on the basis of the parameters estimated in section
3, using the models of section two.”

With regard to social optimal prices and quantities with labelling, it turns out
that the actual price for grade E and A4 is too small. It would be more beneficial

3 The background data on the calculation of the parameters in (14)-(16) are available from the
corresponding author on request.

4  The equations for the social optimal quantities, prices and marginal costs as well as for the cal-
culation of consumer and producer surpluses are derived on the based of the model in section
two. These derivations are not reported, but available from the corresponding author on request.
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to society to supply less of grade E and A and, thereby, increase the price of
these two grades. With regard to grade B the price is too high and the quantity
supplied is too small. In the case without labelling the social optimal price is
larger than the actual average price. In the case of labelling A = 0.72 euro per
kilo indicate that prices are considerably higher than the marginal costs, while A
= 0,44 euro per kilo without labelling. The values of 1 in the case without label-
ling explain why the optimal price is larger than the actual price.

With respect to the lower bound (actual prices), the quantities calculated are
larger than the actual quantities and equal to the quota.

The calculated welfare is reported in table I'V.

Table IV. Social welfare, euro per year

Consumers Producers  Total Welfare
surplus surplus ~ Welfare  Gain

Upper bound
With labelling 359,000 275,000 634,000 301,000
Without labelling 206,000 127,000 333,000

Lower bound
With labelling 264,000 240,000 504,000 263,000
Without labelling 150,000 91,000 241,000

The welfare gain obtained by introducing a public labelling program is 301,000
euro when optimal values are used and 263,000 euro when actual values are
used. The difference between these numbers is not large and it is reasonable to
assume that the real welfare gain lies between these numbers. Taking the lower
bound as a point of departure, the distribution of the welfare gain is 114,000
euro to consumers and 149,000 euro to producers. Thus, even though both
groups gain from the introduction of the public labelling scheme, the gain of
producers are largest with a 165% increase compared to the producer surplus
without labelling. The rise of consumer surplus compared to without labelling is
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75%. However, the total welfare gain only represents 0.6% gain on total turn-
over of 42 million euro.

The results may be sensible to variations in the estimated parameters. There-
fore, sensitivity analyses are performed. The slopes and the intercepts of the
demand function for all the three quality grades as well as for the cost parame-
ter are varied by +/- 20% in both the upper and lower bound. The results are not
reported, but shows that when the intercepts of the demand functions are varied
by +/- 20%, the welfare gains does not change with more than 6% in any of the
cases. Varying the slope of the demand functions yields changes not larger than
3% and varying the cost parameter change the welfare gains by not more than
12%. Hence, the total benefit remains approximately unchanged with varying
parameters when a public labelling program is considered. The welfare gains
are at minimum 263,000 euro. Instigating a public labelling scheme at a cost
less than the welfare gain 1s hardly possible and this leads to the conclusion that
such a program should not be implemented. The low welfare gain appears be-
cause the cost and demand functions are inelastic.

5. Discussion

In this paper it has been shown that a public labelling scheme for plaice in the
retail market of Denmark yield a benefit to society at a minimum of 263,000
euro per year. If the cost of introducing, monitoring and controlling this scheme
is less than this benefit, it was found that the scheme would be a net welfare
gain to society. Furthermore, it was shown that both producers and consumers
would gain. The gain in producer surplus causes a market reaction induced by
price differentiation. The consumer surplus increase as the consumers who pre-
fers high quality actually also obtains this quality. The gain of producers was,
however, larger than for consumers. All results were robust to changes in the
parameter estimates.

The minimum benefit of 263,000 euro of introducing a public labelling scheme
represents more than a doubling of welfare compared to the market situation
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without labelling. Compared to the gross turnover in the market of 42 million
euro, however, the gain represents only 0.6%. Hence, even though the relative
increase in welfare following the introduction of labelling is large, the absolute
welfare both before and after the introduction of labelling as well as the welfare
compared to gross turnover are small, due to inelastic supply and demand. The
hypothesis of the paper is then confirmed. Therefore, despite that information
on the costs of the introduction of the public labelling scheme is not available it
1s highly unlikely that a public labelling scheme can be set up at such low costs.
This implies that a public labelling scheme according to economic arguments
should not be set up.

The argument that some consumers, as opposed to the a priori assumption in the
paper, might be able to distinguish quality, points in the same direction. The
reason is that the introduction of a public labelling scheme might then be un-
necessary for consumers. For producers, however, the option of price differen-
tiation introduced with the labelling scheme will still result in the welfare gain.
Therefore, the total welfare gain will be given only by the producer surplus and
is therefore less than the gain in the case where consumers are assumed unable
to judge quality. The consequence is again that a public labelling scheme, ac-
cording to the cost-benefit argument, should not be set up.

The benefit of the 263,000 euro is, however, for at least three reasons a lower
estimate of the true benefit. First, as explained in the theoretical section, the es-
timate is obtained by inserting actual prices in the demand function. Thereby, it
1s assumed that no market reaction to a public labelling scheme will occur. If a
market reaction takes place welfare will increase. Second, behind the calcula-
tion of economic welfare is an implicit assumption that the market interactions
between consumers and producers take place at the landing level. Thus, fish is
directly transferred from the fisherman to the final consumer. However, the fish
is traded though a supply-chain before the product reaches the final consumers
and this supply chain also earns a producer and consumer surplus. Third, if a
public labelling scheme is introduced for plaice it is most likely introduced for
other species too. Thus, consumer and producer surplus is earned in the market
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for those species unless a fixed mark-up in the intermediate trade equal to costs
prevail in the market. However, with respect to the public cost of labelling there
are economics of scope implying that this result does not preclude an economic
rational labelling scheme for the total Danish fish market.

The hedonic price method is adopted in calculating the welfare gain. This
method rests on an assumption that price differentials established in the market
for plaice in Denmark at first-hand-sales reveals consumer preferences. These
prices reflect a non-optimal market situation because consumers have imperfect
information about the quality of fish. Furthermore, a very simple linear demand
system is estimated. There are two reasons for this choice. First, in order to cal-
culate welfare, demand curves with a globally negative slope and positive inter-
cept must be required (Jensen, Nielsen and Roth (2003)). Second, the calcula-
tion of welfare in the case of labelling is complicated even with a simple linear
demand system.

An implication of the theoretical analysis is that welfare optimal prices must be
higher than marginal costs with a factor that captures the value of the quota ex-
ternality (stock externality). The present market allocation of the quota on dif-
ferent quality grades differ from the optimal allocation between different qual-
ity grades. In the actual market fishermen maximises profit and the fishery is
characterised by regulated open-access (Homans and Wilen (1997)) where av-
erage revenue is set equal to average cost on the margin. Above, it was men-
tioned that the optimal allocation should reflect the stock externality and that
the difference between price and marginal cost is equal to the value of this ex-
ternality.

The results have some practical implication. The structure in determining the
quality of fish in the supply chain is that fishermen a priori catch fish of excel-
lent quality. The quality of fish is preliminary determined by how the fish is
treated by the fishermen after they are harvested. Therefore, it is reasonable to
operate with a cost function for each quality grade and such a cost function is
analysed in this paper. In the estimation section it is shown that fish of different
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qualities are traded on perfectly integrated markets. In other words, the fish is
traded in a market, where prices move together over time. The implication of
this is that the only difference between the different quality graded demand
functions is the reservation price. On the producers side of the economy a high
quality implies higher marginal costs and, thus, higher price. Therefore, there is
a trade-off between price, marginal costs and quality. Despite this trade-off total
profit is higher for high quality because of higher willingness to pay. However,
with labelling the producers will be willing to supply all quality grades of fish
and will supply them until the marginal profit is equal for all quality grades.
Even if a labelling scheme is introduced there are still market imperfections.
Producers will still maximise profit and a stock externality remain. So despite
the fact that labelling secures a welfare gain, it does not secure a welfare opti-
mum. However, it is easy to secure a welfare optimal allocation of fish of dif-
ferent grades. A labelling scheme can be combined with an individual transfer-
able quota system (ITQs). If the total quota is fixed and this total quota reflects
the value of the stock externality this quota can be distributed to fishermen as
ITQs. Trade among fishermen with ITQs will now occur until the marginal
profit is equal between vessels and equal to the stock externality. In addition
trade of ITQs among fishermen and the allocation of ITQs between grades
within individual vessels will secure that the marginal profit is equal between
grades.
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