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ABSTRACT 

Recent research has warned that liberalising trade in capture fishery products originating from inefficient 
managed fisheries might cause over-exploitation, reduced fish stocks and thereby reduced steady state 
welfare. This paper qualifies the warning in a case study of the East Baltic cod market by introducing a 
quantitative supply model of the fishery with year classes. Welfare effects of trade liberalisation are 
identified taking minimum size limits and minimum mesh sizes into account and it is shown that even 
though liberalising trade supplied by such a fishery might cause long steady state welfare reductions in 
the supplier countries, this welfare reduction is almost solely related to economic over-exploitation 
through too large fishing costs more than to biological over-exploitation. Thus, the welfare effects of 
trade liberalisation are generally small and in particular for fishing mortalities well above the maximum 
sustainable yield. The consequence is that the argument that warns against trade liberalisation in certain 
situations gains less validity and conventional wisdom following from the Neo-classical theoretical 
tradition regains validity at several and probably most fish markets globally. 

Keywords: Trade liberalisation, fisheries management, bio-economic model, backward-bending supply.  

Introduction 
The purpose of this paper is to identify the welfare effect of liberalising trade between two trading 
partners sharing ownership of a managed fish stock. Furthermore, the purpose is to construct an empirical 
model for welfare analysis of the enlargement of the European Union (EU) for the case of the East Baltic 
cod (Gadus Morhua) fishery. When trade between old and new EU countries is fully liberalised is total 
welfare increased or decreased? Who gains and who loses? Is it the consumers, the fishermen or the 
governments and are they in the new or the old member countries? Moreover, if the East Baltic Sea, 
which will be almost surrounded by EU countries, is used proactively by the new single management 
authority how will that affect welfare? Identifying the welfare effects allows an assessment of how the 
enlargement should be treated to ensure that all sectors in each country benefit fully. This is an especially 
pertinent issue, since the trade policy works as a tax, which constrains catches in exporter countries and 
subsidises the fisheries sector in the importer countries. Thus, the trade policy serves indirectly and 
unintentionally as a second best fisheries management tool. 

 The issue is important since a liberalisation of trade will cause overexploitation in exporter countries, 
if fisheries management is inefficient. The reason is that the price of the fish increases, causing an 
increment to the incentive to “race for fish” where the increased turnover following from the price 
increase is used for inefficient investment in fishing vessels. This limits the future catch potential. A 
consequence might be extinction of the fish stock. In importer countries the opposite effects result, since 
competition from foreign producers disappears, thereby reducing the pressure on the fish stock of the 
importer country. In the case of the cod stock in the East Baltic Sea, however, the issue is not that simple, 
since the stock is shared among new (exporting) EU member countries and old (importing). The shared 
stock is then affected in opposite directions by the different developments in the new and old member 
countries and the total effect on the stock and thereby on welfare is not a priori known. The effect 
depends on, for example, the management system in place and the market structure. If the effects in the 
exporter country offset those in the importer and fisheries management is inefficient, this requires action. 
Thus the first hypothesis in this paper is that since the present management scheme is inefficiently used, 
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the stock and welfare effect from trade liberalisation will be negative because the exporter country is a 
price-taker on the world market.  

 In the economic literature, many authors have considered the issue of why trade arises. The history of 
general trade theory starts with Ricardo (1821) and Smith (1937) explaining the presence of international 
trade by the international division of labour and with specialisation resulting from differences in 
technology. The Hechcher-Ohlin model followed, which explains the appearance of international trade by 
differences not in technology but in factor endowments. It is demonstrated that a global social optimum 
can only be reached in the case of free trade. Furthermore, small countries also face a situation where the 
social optimum can only be reached with free trade, whereas large countries can affect their terms-of-
trade and thereby reach a social optimum only in the presence of restrictive trade policies, provided there 
is no retaliation from other countries.  The theory of trade in renewable resources develops in a general 
equilibrium framework from Chichilnisky (1993), via Brander and Taylor (1997ab, 1998) to Hannesson 
(2000) and Emami and Johnston (2000). Brander and Taylor show in three seminal papers that advantages 
with free trade in renewable resources, which are not managed optimally, exist only under certain 
conditions and for certain types of country. The reason is that overexploitation might follow from the 
opening of trade.  

 A parallel development in bio-economic supply modelling appears with Schulz (1996, 1997), based 
on the backward-bending supply curve introduced by Copes (1970). Furthermore, quantitative supply 
models of fish stocks are introduced by Frost and Michelsen (2001) and Bjorndal and Nostbakken (2002). 
These articles, however, identify harvest and stock effects, but not those on welfare.  

 In the literature, the welfare effects of trade liberalisation are generally found to be case specific and 
dependent on a country's status as importer or exporter, the fisheries management system, the state of the 
fish stocks, and the size of the country in the world market. In this case study of the East Baltic cod 
fishery the general equilibrium theory of Brander and Taylor (1997a) predicts that the small exporter 
country with an overexploited open access fish stock would lose welfare from trade liberalisation. The 
large importer country would remain unaffected, since the price in that country is unchanged. This may, 
however, not necessarily be the result, since both input and output management exist, minimum mesh-
sizes are compulsory and the stock is shared between countries. These factors are not taken into account 
in Brander and Taylor (1997a) and their inclusion may change the results. The presence of management 
will change the results as the supply curve become vertical in the relevant range, given by the quota. The 
presence of compulsory mesh-size regulation will affect the results, in particular for longer-lived fish 
species, since if fishing on younger age groups is avoided the tendency for the supply curve to bend 
backward is very small. There, the problem of overexploitation is less severe and the risk of extinction of 
the stock small. Hence, overexploitation becomes an economic more than a stock problem. The existence 
of shared ownership might affect the results through negative externalities, If management is 
inappropriate. Hence, the second hypothesis of this paper is that the welfare effects of liberalising fish 
trade are small in cases where the fish stocks are overexploited and subject to quotas, input limitations 
and compulsory mesh-size regulation. Since several fisheries globally are subject to these measures and 
since the majority of fish stocks globally are exploited at or above the maximum sustainable yield (FAO 
2001), this finding may be of relevance in the majority of the world's fisheries.  

 In this paper the welfare effects of trade liberalisation for different sectors in the economy are thus 
identified in a case study of the East Baltic cod fishery using an age-structured bio-economic model 
combined with basic theory of trade between two countries. The welfare concepts of Copes (1972) are 
used. The model further departs from regulated open access and analyses the welfare effects of two 
countries, following an exogenous price increase in only one of the countries sharing ownership of the 
stock. 
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Methodology 
In this section a model capable of identifying welfare effects of trade liberalisation empirically for a small 
exporter country sharing ownership of a fish stock with an importer country is developed under 
alternative fisheries management schemes. The model appears in a partial equilibrium setup by combining 
a bio-economic supply model with traditional trade theory.  

 Following Clark (1990), the standard age-structured bio-economic model of Beverton and Holt 
(1957) of a fish population is applied. This model is used instead of the Schaefer (1954) model, since it 
allows different fishing mortalities for year classes. This makes it possible to take the wide use of 
technical fish stock conservation measures, such as minimum mesh-sizes, into account. The recruitment 
R, which is the number of fish entering the fishery, is assumed constant over time and the number of fish 
dead at time t is assumed given by (1). 
 

 ( )NFM
dt
dN

+−= , N(0)=R (1) 

 
where M is the natural mortality and F is the fishing mortality. The weight of one fish w(t) at the age t  is 
given by the von Bertalanffy weight function w(t)=a(1-be-vt)3, where a, b and v are positive constants. The 
total biomass Bt of one year class is then identified as Bt=N(t)w(t). Based on Clark (1990), it is assumed 
that all year classes are in equilibrium, are identical and that the natural mortality is constant over time.  

 On this basis and following Hilborn and Walters (1992) a discrete bio-economic model, which is 
applied to the empirical identification of supply curves, is developed. The biomass and the landings H of 
year class t, both measured in weight, are functions of the fishing mortality level L.  
 

 ( )iieBB FLM

i
tit

*20

1
1, * +−

=
−∑=     (2) 

 

 ( ) ( )( )
( )ii

FLM
i

i
tit FLM

iieFL
BH

*
1**

*
*20

1
, +

−
∑=

+

=
    (3) 

 
where B0,t=R and i relates to age classes. The fishing mortality level L is assumed to be a function of 
fishing effort E.  
 
 L=EZ, 0<z<1  (4) 
 
where z is a measure of the differences in the catch efficiency between fishermen. (4) is introduced to take 
into account that the last fisherman joining the fishery is less efficient than the first. Thus, the catch 
efficiency decreases with fishing effort. It is further assumed that the total cost C is a linear function of 
the fishing mortality level L.  
 
 C =c*E, c>0 (5) 
 
where c is the parameter of the cost function. Market equilibrium is determined where the price is equal to 
the average cost, which is the usual equilibrium condition in fisheries. 
 

 
H
CP =  (6) 
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This equilibrium rule is for an open access fishery in which the long-run profit of fishermen by definition 
is zero and yield per recruit equals total costs. Fishing mortality is assumed at an initial level of one. This 
normalisation relates policy changes in the fishery to the basic equilibrium and is achieved by fixing the 
parameter c of the total cost curves.  

 In this model the yield per recruit and the supply curves are alike, since the total costs are linearly 
increasing in L. If only large mesh-sizes are allowed, the yield per recruit curve and hence the supply 
curve retains a positive gradient. If, alternatively mesh-sizes are small the two curves are backward 
bending and if they are very small, the curves will approach zero. With medium mesh-sizes, however, the 
two curves approach a positive value. For illustration, the shapes of the curves for the east Baltic cod 
stock in open access are shown in Figure 1, for the values and parameters presented in the case study in 
the next section. 
 

FIGURE 1. Curve shapes. 
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It appears that with the existing compulsory mesh-sizes, designed to catch two-year-old fish and older, the 
curves become backward bending. The turning point is known as the Maximum Sustainable Yield 
(MSY). Fishing at an effort level greater than that associated with the MSY is characterised as biological 
overexploitation. If the mesh-sizes are sufficiently large (for this case designed to catch only fish of an 
age of 7 years and older) both curves will show a positive gradient in the relevant range. In contrast to a 
curve derived from a Schaefer function, it will therefore not converge against zero with increasing price. 
The reason is, that the present age-structured model assumes unchanged recruitment. This implies that it 
is impossible to extinguish the fish stock.  

 The supply functions for stocks managed between MEY and open access equilibria, such as 
regulated open and restricted access are identical, since the only difference appears between the costs of 
fishing when the quota is taken. Such supply curves are identical to the one shown in Figure 1 for all 
levels of the price p until a certain value above MSY, where input and output management is reached. 
Thereafter, the fixed quota determines supply.  
The inverse demand function of a fish product can be deduced as the aggregate of what single consumers 
are willing to pay. Assuming a Cobb-Douglas utility function, the inverse demand function is given by 
(7).  
 
 ( ) ( )qap ln*ln 1 ε+=  (7) 
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where p is the price consumers are willing to pay, q the quantity demanded, ε the price flexibility and a1 
the intercept. The double-logarithmic form of the demand curve corresponds to constant price 
flexibilities.  

 Based on the supply and demand functions and following Copes (1972) welfare measures of a capture 
fish stock are defined in Figure 2.  
 

FIGURE 2. Welfare measures of an open access renewable resource 
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The equilibrium between demand and supply in open access (the bionomic equilibrium) is where the 
supply (average cost) and demand curves intersect, at E in Figure 2, and even though the resource rent is 
zero, the existence of the fishery still results in positive economic benefits. This benefit consists of the 
consumer surplus (shown as the shaded triangle in Figure 2) and the producer surplus (the shaded 
rectangle). The consumer surplus is traditionally defined as the difference between the amount consumers 
are willing to pay and the amount they actually pay. For conventional goods (that is, those without 
externalities in production), producer surplus is defined as the difference between the minimum amount 
for which a producer is willing to sell and the amount for which he actually sells. Following Copes 
(1972), however, distinction is made for a fishery between resource rent and producer surplus; the first 
representing the factor rent of the resource and the latter representing other factor rents (such as of capital, 
labour and skill).  

 The condition for the existence of a positive producer surplus in an open access fishery is that fishing 
vessels are heterogeneous, implying that vessels vary in their economic performance. Hence, only the 
“better” vessels contribute to the producer surplus. Using this understanding of the producer surplus, an 
average social cost (ASC) curve is obtained by subtracting the average producer surplus from the average 
cost curve. The curve is shown in Figure 2 and measures the average opportunity cost per unit of output 
for labour and capital. The ASC curve is always lower than the AC curve and for fishing mortalities 
above MSY the two curves approach each other. This implies that the producer surplus approaches zero. 
The form of the social cost (SC) function in (8) is chosen to reflect these ideas:  
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where Y represents the initial share of total (private) costs that the remuneration of capital and labour 
enjoy.  
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 Under regulated open and restricted access, the supply curves become vertical when the price, p, 
exceeds a given level. Under regulated open access the producer surplus appears as the product of the 
quota and the difference between the prices given by the average cost and the average social cost curves. 
Thus, the producer surpluses in regulated open access and in pure open access, at the quantity of output 
given by the quota, are equal. The reason is that the shape of the average social cost curve will be similar 
to that of the average cost curve, which is backward bending until the quota is reached and vertical 
thereafter. Under regulated restricted access the producer surplus appears as the product of the quota and 
the difference between the equilibrium price and the price given by the average social cost curve. The 
producer surplus under regulated restricted access is always larger than under both pure open and 
regulated open access, since in these situations other input factors than the resource, for example, capital 
and labour, are used inefficiently.  

 Based on the supply curve developed above, the supply curves of two countries sharing ownership of 
a fish stock can now be deduced under open access. Assuming that the price changes only in Country 2, 
the supply curve may be identified in three steps. First, the initial supply curve in Country 1 is identified, 
given the initial allocation of fishing between countries. Then, the supply curve in Country 2 is identified 
assuming that changes in fishing mortalities only appear in Country 2. Finally, the terminal supply curve 
of Country 1 is found given the terminal allocation of fishing after the changes in Country 2.  

 On this basis, the open access supply curve in Country 1 is seen as a parallel inward shift of the supply 
curve in Figure 1.II according to that country’s share of the total catch. The open access supply curve of 
Country 2 may be found starting from the initial equilibrium point on the total supply curve, which gives 
the initial price and quantity. The fishing mortality in that country is now changed upwards and 
downwards and the new total fishing mortality as well as the new total catch found. Country 2's share of 
the total catch is proportionate to its share of the new total fishing mortality. The corresponding price is 
the average cost of producing that quantity in Country 2. Assuming that the stock is exploited at fishing 
mortalities sufficiently above the MSY and that changes in fishing mortalities only appear in that country, 
the supply curve can be shown to be rising in the relevant range. Finally, the terminal supply curve in 
Country 1 is identified as a shift of the initial supply curve, determined by the changed share of the total 
fishing mortality. The three curves are shown in Figure 3.  
 

FIGURE 3. Open access supply curves of two countries sharing ownership of a fish stock. 
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In the diagram on the left the initial (dotted) and terminal (solid) open access supply curves appear for a 
situation where the fishing mortality is increased in Country 2. In the right diagram, the open access 
supply curve for Country 2 appears. The supply curves with optimal management are not shown, since it 
is known that these will always have an upward gradient. The supply curves in regulated open and 



IIFET 2004 Japan Proceedings 

 7

restricted access will in Country 1 be as discussed above. In Country 2 the supply curve in such situations 
is upward-sloping until the quota level , and then vertical.  

 Since the analysis now includes more than one country, the model must be disaggregated further. The 
biological values remain unchanged, but the economic values and the parameters must be identified for 
each country. Thus, 1== ∑ kTotal LL , where Lk is the contribution of Country k to the total fishing 
mortality level LTotal, normalised to one. Furthermore, the cost parameter c is given by ∑= kTotal cc , 
with ck representing the contribution of Country k. The relative values of ck are determined by each 
country’s share of the total costs, kλ with 1== ∑ kTotal λλ . This structure allows different cost levels 
among countries. Finally, ε and Y are permitted to vary by country. This implies that demand and social 
costs (such as wages) can differ.  

 Based on the supply curves identified, the welfare effects of a price increase in Country 2, for 
example, caused by a trade liberalisation for that country in its export to Country 1, may be studied. The 
bonds that tie the two countries together are the externality from Country 2 borne by Country 1 
originating from increased fishing and Country 2's role as an exporter to Country 1. Assuming that 
Country 2 is unable to influence the price in Country 1, since the terms of trade effect is assumed 
neglected, the effect is that the price in Country 2 will increase by exactly the level caused by the trade 
liberalisation; that is, the tariff rate removed. In Country 1 there is no price effect, but in the open access 
case the domestic fishery is reduced, due to the negative stock effect. Furthermore, imports from Country 
2 are increased and since the price is unchanged it is implicitly assumed that the gap is filled by increased 
domestic production from other sources than the fishery analysed. This suggests that the fishery analysed 
contributes only marginally to the total supply of the homogenous fish product in Country 1. In the 
presence of management neither the price nor the stock is affected. In that case the only thing that 
happens is that imports from Country 2 together with increased domestic production from other sources 
replaces domestic production.  

 The welfare effects of trade liberalisation in Country 2, the small exporter country, are sketched in 
Figure 4 for the alternative management systems, assuming that input management is introduced at the 
time the catches reach the level determined by the quota.  
 

FIGURE 4. Welfare effects of trade liberalisation in the small exporter country 
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II. Regulated open access 
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The trade liberalisation is introduced in the Figure as removal of a tariff t, thereby increasing the price 
from PT (with the tariff) to the “world” market price PW. Under all three alternative management systems, 
the removal of the tariff causes a price rise in the exporter country, increases exports (shown by the 
horizontal bracket marking the difference between supply and demand in equilibrium) and reduces the 
consumer surplus (area a). In open access the change in the producer surplus is indeterminate (since area 
a+b+e might or might not be larger than d). In regulated open access it is zero (since it is given by the 
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producer surplus in open access at the given level of quantity implying that area c+d=a+b+c). In regulated 
restricted access it is positive (area a+b>0). Since the resource rent under these management systems is 
either zero or by definition included in the producer surplus, the total welfare effect is indeterminate in 
open access (b+e–d), negative in regulated open access (–a) and positive in regulated restricted access (b). 
These results are as expected, except under regulated open access. The reason for the welfare loss under 
that management regime is that the price rise causes increased but completely inefficient investment, 
since its cost exactly outweighs the increased turnover. Owing to the presence of a quota, it is not possible 
to increase catches. In open access, the country will increase its share of the total fishing effort, giving 
rise to increased catches in that country, provided that the negative stock effect is not engaged. In 
regulated restricted access, the increased price implies rising profits, producer surplus and welfare.  

 The welfare effects under open access in Country 2, the large importer country, are shown in Figure 
5. 

FIGURE 5. Welfare effects of trade liberalisation in the large  
importer country with an open access shared stock. 
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Welfare is affected through the negative externality which appears from the increased use of the shared 
stock by the other country and through the disappearance of the tariff revenue on imports. The removal of 
the tariff shifts the supply curve inwards, due to the negative externality. This causes the tariff revenue 
(area d) to disappear and imports to increase. Assuming that the remuneration of capital and labour 
obtains a fixed share of turnover, the producer surplus falls (from area b+c to b). The consumer surplus 
remains unchanged (area a) and hence the total welfare effect is negative. In the presence of management 
(both initially and terminally) the only welfare effect is that the tariff revenue disappears. Neither a price 
change nor a stock effect exists, since the country possesses an unchanged share of the catch. Thus, no 
matter which management system is present the welfare effect in the large importer country is negative.  
 
Case study of the East Baltic cod fishery 
In this section the model is applied to a case study of the east Baltic cod fishery. The fishery takes place in 
the Baltic Sea east of the island of Bornholm. Several countries are active in the fishery with the EU 
(mainly Sweden and Denmark) and Poland being the largest. The total catch was 91,000 tonnes in 2001, 
representing a landing value of approximately €115 million. The EU catch is used for domestic 
consumption, while the Polish is mainly exported as frozen fillets to the EU.  

 The case study is based on assumptions of biological values, economic values and parameters. The 
biological values are available from the International Council for Exploration of the Sea (ICES) and the 
economic values from various sources. Exports of cod from Poland to the EU are taken from the Eurostat 
foreign trade statistics and the average trade-weighted tariff is calculated on the basis of OECD figures 
(OECD 2003). Prices are derived from landings statistics, and the share of total costs formed by the 
remuneration of capital and labour are derived from data held by the Danish Research Institute of Food 
Economics (2002).  
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 Recruitment to the fish stock is assumed constant over time and includes 217 million individuals 
annually. This is also the size of the initial population for year class zero, which falls subsequently. The 
fishing mortality is given for twenty different year classes. It increases with age until year 6, after which it 
remains stable. This implies that the population almost entirely consists of fish younger than 8 years of 
age. The fishing mortality for fish until year 2 is zero owing to the presence of mesh-size regulation 
(minimum 130 mm). For year classes 2-6 the fishing mortality increases gradually, since the selectivity is 
not knife-edge. The fishing mortality level is distributed across the countries on the basis of the countries' 
shares of the total catch. The total catch is distributed among countries by fixed shares of the total quota.  

 The initial distribution of costs is identified on the basis of their share of the total catch, corrected for 
differences in labour costs. The parameter for differences in the catch efficiency of fishermen is 
approximated from efficiency scores estimated with data envelopment analysis, according to Lindebo et 
al (2002). Since no such analysis is performed for the East Baltic cod fishery, the parameter is 
approximated on the basis of a survey of the cod fishery in the North Sea. The price flexibilities are 
chosen on the basis of studies summarised in Nielsen (1999).  

 Based on these, only the parameter, c, of the cost function is missing. The reason is, that it is 
determined endogenously by claiming that yield per recruit is equal to total costs per recruit with the 
initial fishing mortality level of unity. %.  

 Knowing that Polish exports to the EU amount to less than 2% of the consumption of cod products in 
the EU (Norwegian and Icelandic exports are the largest supply sources), the assumption that Poland 
cannot affect the “world” market price may realistically be well accounted for. This implies that terms of 
trade effects are absent and that products from other sources can be substituted for EU imports from 
Poland. On this basis, the welfare effect of EU enlargement on the East Baltic cod market is analysed. 
This is done in the model with three countries included, but focusing on Poland and the EU, since Poland 
exports to the EU. It is assumed that the only policy that changes is that all tariffs disappear. This implies 
that the price of Polish exports to the EU will increase with the average trade-weighted tariff of 8.3%. 
Further, assuming that the increased export price pulls the Polish domestic price up by the same amount, 
the price difference between Poland and the EU will be reduced by 8.3%.  
 Welfare effects are identified for different sectors in each country. In Poland consumers obtain the 
consumer surplus and fishermen the producer surplus. A potential resource rent can be allocated to either 
the fishermen or the government, depending on how management is introduced. In the EU, consumer 
countries of cod obtain the consumer surplus. These include Germany and France. Fishermen in Sweden 
and Denmark obtain the producer surplus. The potential resource rent is obtained by either these 
fishermen or by the government in the two countries. Again, it is a decision to be made by the 
management authority. Finally, the European Union body obtains the tariff revenue.  

 The base year is 2001, in which the gradual tariff reduction had not started yet, and welfare effects are 
identified in the short run in 2004 and in the long run in 2021. 2004 is chosen since it is the first year 
without tariffs and 2021 since it offers a situation in which the system has moved to a new equilibrium.  

 Since it was shown in section two that welfare effects of liberalising trade in a capture fish product 
depends on the management system in place, a welfare analysis of EU enlargement on East Baltic cod 
trade must begin with a brief critical review of the present management system. A system is used where 
all the countries surrounding the Baltic Sea decide once a year on the total allowable catch (TAC) in the 
International Baltic Sea Fisheries Commission. Subsequently, this TAC is allocated to the single countries 
with a share, which has been fixed for the last five years. Simultaneously, some of the countries use input 
management, such as capacity limitations. Therefore, the management systems can neither be 
characterised as optimal management nor pure open access. The management systems might rather be 
characterised as regulated open or restricted access. However, ICES (2003b) has questioned the 
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effectiveness of the management system, since it has assessed unreported catches at an average 11% 
above TAC over the years 1997-2001. This is in particular the case in years where the TAC is close to 
being 100% utilised. Furthermore, while the level of the spawning stock biomass has been outside safe 
biological limits in recent years, TACs have been fixed at levels above ICES recommendations. Thus, the 
management system has not been applied in a way that secures sustainability. Therefore, even though 
regulated restricted access exists, it might be more realistic to analyse welfare in an open access situation. 
Hence, welfare analysis is performed assuming the presence of different management systems.  

 On this basis the welfare effects of a landing price increase on 8.3% in Poland are studied under the 
following management scenarios: 1. regulated open access, 2. regulated restricted access and 3. open 
access. Scenario 1 and 2 are studied assuming that they secure the current level of catches, but under two 
alternative assumptions on the input management. Scenario 3 takes the incentive of increased prices to 
increase illegal catches into account.  

 The model is solved for different prices and the open access supply curve for Poland becomes 
upward-sloping. For the EU, the supply curve remains backward bending. The long- and short-run 
welfare effects are identified, for the three scenarios, in Table 2.   
 

TABLE 2. Welfare effects from cod from the East Baltic Sea of the EU enlargement, Million Euro1 
Scenarios 

1. Regulated open access 2. Reg. restr. Access 3. Open access 
 

Short run Long run Short-run Long-run Short-run Long-run
   
Poland   
CS -0.9 -1.0 -0.9 -1.0 -0.9 -1.0
PS 0 0 +2.7 +2.9 +0.3 +0.4
Total -0.9 -1.0 +1.8 +1.9 -0.6 -0.6
   
The EU   
CS 0 0 0 0 0 0
PS 0 0 0 0 -0.7 -0.7
TR -1.4 -1.4 -1.4 -1.4 -1.4 -1.4
Total -1.4 -1.4 -1.4 -1.4 -2.1 -2.1
   

Note: 1.  CS is consumer surplus, PS is producer surplus and TR is tariff revenue. The initial landing values in the EU  
 and Poland are 49.8 and 29.9 million euro, respectively.  

 
If regulated open access is maintained both Poland and the EU lose from the tariff removal following the 
EU enlargement. In the EU the tariff revenue from imports of cod from Poland disappears and in Poland 
the consumer surplus falls because the price increase drives exports up causing fewer consumption 
opportunities in Poland. Under regulated restricted access the same effects result, except that a further 
positive producer surplus appears in Poland. This is because the price increase is converted into pure 
profit whereas in regulated open access the price increase is wholly wasted in inefficient investment in 
extra factor inputs.  

 It might, however, neither be reasonable to characterise the management system as regulated open 
access nor regulated restricted access. The reason is that some, but not all, inputs are subject to 
limitations. The use of fishing vessels is e.g. constrained by investment limitations. The input 
management is, however, not fully efficient, since other inputs including labour are not limited. Thus, the 
management system falls in between the two, implying that the effects of the trade liberalisation will also 
be in between. With total losses and gains not larger than €1.9 million under any of the management 
systems, the welfare effects are rather small, not exceeding 7% of the total landings value. 
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 The characterisation of the management system as either regulated open access or regulated restricted 
access implicitly assumes that the increased incentive to fish illegally, in the case where prices increase, 
has no impact.  If it did, the management system can be characterised instead as absent, that is, as open 
access. In open access Polish consumers still lose, but now the fishermen gain. The reason is, that the 
price increase will raise activity in their fishery and hence their catch, since the Polish fishermen obtain a 
larger share of the total stock. In the EU the disappearance of the tariff revenue remains, but now a loss of 
producer surplus is also seen. This is due to the negative externality from increased Polish fishing. Even 
when the potential for increased illegal fishing is taken into account, the total loss remains, however, 
negligible.  

 The welfare effects are identified in the three situations in the long-run where a new equilibrium after 
20 years is assumed to have been reach following the trade liberalisation. The welfare effect in 2004 is 
also identified and it appears that 90% of the effect has already been felt after the three years.  
 

Discussion 
In this paper the welfare effects of the EU enlargement in 2004 have been identified for different sectors 
in different countries that are active on the market for East Baltic cod products, using an age-structured 
bio-economic model combined with basic trade theory. The effect is the relaxation of trade barriers, since 
all tariffs disappear.  

 Assuming the presence of regulated open or restricted access to the fishery, it was as expected found 
that the welfare effect of trade liberalisation was small for all sectors in all countries. The explanation is 
that fisheries management in the form of quotas, input limitations and mesh-size regulations are taken into 
account. Even assuming open access, the welfare effects remain small. It was, however, against 
expectations, found that the producer surplus in Poland under open access increased (by €0.4 million), 
although the fall in the consumer surplus was large enough to maintain the total welfare reduction. But a 
sufficiently large price increase would have caused an increase in the total welfare. Such a result would 
have contradicted Brander and Taylor (1997a), who found that the small exporter country of a renewable 
resource always loses from trade liberalisation. The present result follows from the more realistic 
inclusion of mesh-size regulations and shared ownership.  

 The implications of these findings are two-fold, covering trade modelling and policy issues. The 
implications for trade modelling suggests that conclusions obtained without taking quotas, input 
management and mesh-sizes into account might not be valid. Neither the sign nor the size of the welfare 
effect might be as predicted by the Brander and Taylor theoretical approach. Welfare effects might in 
several and probably most fisheries be very small, as shown for the East Baltic cod stock. The direction of 
the welfare effects based on the age-structured approach used in this paper confirm the direction of the 
welfare effects following from for example, Brander and Taylor (1997ab, 1998) only under certain and in 
several cases unrealistic assumptions. The Brander and Taylor (1997ab, 1998) result does not hold for 
overexploited fish stocks with realistic mesh-sizes, since the supply curve will be approximately vertical. 
Thus, the neo-classical theory regains its position in the explanation of why trade in fish arises. 
Furthermore, in trade modelling it must be taken into account that the ownership of several fish stocks, 
including the East Baltic cod, is shared among countries. If this is not accounted for, stock externalities 
are ignored and welfare effects identified might be of the wrong direction.  

 The partial equilibrium approach applied consists of a supply model based on an age-structured bio-
economic model combined with basic trade theory. This approach rests on an assumption of constant 
recruitment. This assumption has been made because, although recruitment fluctuates from year to year, 
biologists have not been able to identify a unique relationship between spawning stock size and 
recruitment (as explained in the Nordic Council of Ministers (2000)). Changed recruitment will, however, 
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affect welfare. Furthermore, the results rest on the assumption that cod is traded directly between 
fishermen and final consumers, since prices at first-hand sales are the price that consumers pay. This 
implies that fishermen earn the producer surplus, while the final consumers earn the consumer surplus. In 
reality, a whole supply chain is present and welfare is earned at each market level. Therefore, for example 
the option of relocation of welfare-creating processing of fish following trade liberalisation, is ignored. 
Hence, the welfare calculated should be interpreted with due caution and only as the lower estimate.  

 The finding of small welfare effects of fish trade liberalisation in the present case follows from the 
inclusion of age groups as well as fisheries management in the analysis and because the stock was 
exploited at a fishing mortality level approaching a vertical supply curve. Since these conditions are 
realistic for several fish stocks the present result might also hold for these fisheries. This implies, that the 
conclusion of Brander and Taylor (1998) that “while we are convinced that none of our results is 
sufficient reason to abandon ongoing trade liberalisation around the world, we are equally convinced that 
trade liberalisation is a two-edged sword for a country with a comparative advantage in renewable 
resources and weak property rights in these sectors” should be modified for fish trade. Along the same 
line, the conclusion of Emami and Johnston (2000) that for example, “the World Trade Organisation 
should not always insist on free trade, rather they must pay careful attention to the particular relationships 
between trade conditions and natural resource policies among trading nations” should also be modified 
for fish trade. The reason is that even though the conclusions are not directly wrong, they can be seen to 
be less valid, since the most commonly used fisheries management systems globally are regulated open 
and restricted access. Most fisheries are subject to mesh-size regulations and most fish stocks globally are 
overexploited (FAO 2001). Hence, the argument that warns against trade liberalisation in certain 
situations maybe held less valid and conventional wisdom following from the neo-classical theoretical 
tradition is strengthened  in several and probably most fisheries globally. Brander and Taylor (1997ab, 
1998) and Emami and Johnston (2000) are not sufficient reason to abandon the ongoing trade 
liberalisation.  
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