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Overhead the albatross  
hangs motionless upon the air 

 
And deep beneath the rolling waves  

in labyrinths of coral caves 
 

The echo of a distant tide 
comes willowing across the sand 

 
And everything is green and submarine 

 
Pink Floyd 
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Chapter 1 

Introduction 

The core of fishery economics is concerned with the workings of 
resource economics, and much emphasis has been on how to solve 
problems with an open-access resource: that is, one with no owner. This 
thesis recognizes that the resource perspective is important, but it also 
regards fisheries as an interesting case for testing economic theories 
from other fields. The current thesis explores demand theory, bargaining 
theory and prospect theory in the context of the fishery. By contributing 
empirical examples from the fisheries on the Swedish Baltic coast, it 
aims to provide a contribution to the wide and challenging subject of 
fishery economics. 

Managing the Seas 

In a famous statement in the inaugural address of the London Exhibition 
of Fisheries in 1883, Thomas Huxley declared that, “... the cod fishery, 
the herring fishery, the pilchard fishery, the mackerel fishery, and 
probably all the great sea fisheries, are inexhaustible; that is to say, that 
nothing we do seriously affects the number of fish. And any attempt to 
regulate these fisheries seems consequently, from the nature of the case, 
to be useless” (Huxley 1883, p.6).  

Huxley was one of the first scientists to investigate overfishing, and to 
discuss how fisheries should be managed (Hubbard 2014). Although he 
believed that most sea fisheries were inexhaustible considering the 
modes of fishing of the time, he did not rule out exhaustion or opposed 
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management measures in other fisheries. This is demonstrated by his 
entirely different conclusions when it came to the salmon fishery. He 
claimed that salmon rivers could be netted, ” … in such a manner, as to 
catch every salmon that tries to go up and every smolt that tries to go 
down” (Huxley 1883, p.5). This called for regulation. As Huxley put it, 
“… man is the chief enemy, and we can deal with him by force of law” 
(Huxley 1883, p.5). His suggestions for the salmon fishery included 
management solutions that would be rather familiar to a modern-day 
fishery regulator: annual closing times, hunting for predators, removal of 
pollution, construction of fish passes, restrictions on the character and 
size of the meshes of nets, and license duties on nets and rods.  

Fishery resources are difficult to manage for a number of reasons: 
several countries are often involved in their exploitation, species migrate, 
and there are ecological changes that are difficult to predict. In addition, 
fish are often not visible prior to capture, making planning more difficult 
for fishermen than is common in other industries. It might be seen as a 
purely biological concern to estimate the amount of fish in the ocean, 
and to make recommendations as to how much fish can be harvested in 
different time periods, and if fishermen are following the biological 
advice, there should be no problems with overfishing. But the constant 
problem of actual quotas being set at higher levels than those based on 
the maximum sustainable yield (Aps and Lassen 2010) calls for different 
solutions. 

Seen from an economist’s perspective, the fundamental issue of 
ownership of resources is at the heart of the problem of overfishing. 
Fishery resources are often not owned by anyone, but still exploited in a 
competitive market. This is the underlying reason for the 
overexploitation of many of the world’s fisheries from an economic 
point of view (Bjorndahl and Munro 2012). The difficulties in 
establishing property rights have motivated the analysis of the economics 
of open-access resources, those that have no owner, and is the reason 
why this type of analysis has been a major part of fishery economics 
(Scott 2011). Understanding the problem of open access has paved the 
way for suggesting remedies, and thus, another important part of fishery 
economics has been to propose effective management systems. 
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Fishery economics is part of a topic that is referred to as “resource 
economics”. Fish is seen as a natural resource, just like oil, forests or soil 
carbon. Fishery resources are renewable, meaning that when some of the 
resource is used it is compensated by natural growth and reproduction. 
Thus, the starting point for any economic resource model is a biological 
one. The biological fishery model assumes that if a resource is at a 
natural equilibrium there will be no growth of the resource, and if there 
is no resource there will be no growth (obviously, nothing will come out 
of nothing). But in all states between these two extremes there will be 
some kind of growth of the resource, and at some point this growth will 
be at its maximum: the maximum sustainable yield (MSY). This is often 
used as a reference point when constructing advice on how much fish 
can be extracted from a particular fish stock (ICES 2012). 

The models of fishery economics were formulated in the 1950s, when 
Gordon (1954) and Scott (1955) made major contributions. In 1911, 
Warming had already published a paper on the open access problem and 
its solutions, but it never reached a wider audience since it was in Danish 
(Eggert 2012). Gordon (1954) concluded that, despite the fisherman 
being a profit-maximizer just like any other worker, the utilization of 
fishery resources would not be optimal in an open-access fishery. The 
optimal use of a fishery resource was the one that maximized the net 
economic yield, i.e. the difference between total costs and total revenues. 
At this point, fishing effort would in many cases be lower than the MSY, 
since the maximum profit would be reached before the MSY point. But 
in an open-access fishery fishermen would earn no profit, since the effort 
of the fishing vessels would increase as long as there were any profits at 
all to be earned. With no ownership of the resource, there would be no 
common strategy, and each fisherman would act in isolation. Scott 
(1955) introduced the economic theories of capital and investment to 
fisheries economics. A decision has to be made on how much should be 
consumed today and how much should be left for consumption 
tomorrow. There is an inter-temporal allocation problem. The idea is that 
natural resources should be regarded as natural capital, and the decision 
maker must decide on the optimal rate of investment. Scott (1955) 
concluded that, without regulation, the fishing industry would also 
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employ more effort than was needed to maximize economic rent in the 
long run. 

Huxley’s mistake was that he did not foresee the advances in technology 
that would also increase the depletion of fish stocks in the great sea 
fisheries in the century to come. Steam-powered trawling was already 
around in the 1880s, but the improvement of trawling methods and the 
building of faster, safer and bigger vessels came to increase the pressure 
on sea fisheries at an unprecedented level. Marine biologists noticed that 
fishery resources increased in the North Sea after the two world wars, 
and related this to the reduction in fishing activity during the wars. They 
made the conclusion that man was affecting the size of fish stocks, and 
that it was possible to reduce fishing activities to let stocks grow 
(Gordon 1954).  

After the Second World War, coastal states attempted to increase their 
jurisdiction over the sea. At the time, two types of marine areas had been 
recognized: the coastal state territorial sea, and the high seas. The 
territorial sea, which traditionally extended to only three nautical miles 
(5.5 km), was considered to be under the jurisdiction of the nation state, 
whereas the high seas were common property. As a response to nation 
states trying to increase their territorial claims, the first Conference of 
the Law of the Sea was held by the United Nations in 1958. This 
Conference was followed by yet another one, but it was not until the 
third UN Conference on the Law of the Sea, 1973-82, that an important 
agreement was made. The 1982 Convention granted coastal states the 
right to establish Exclusive Economic Zones (EEZs) up to 200 nautical 
miles (370.4 km) from shore. This granted the nation states the right to 
manage fishery resources in wide areas (Bjorndahl and Munro 2012). In 
1978, Sweden became the first country in the Baltic Sea region to claim 
a 200-nautical-mile EEZ, but because such a wide area overlapped with 
other countries’ claims, a mid-line principle was used.  

Since many fish stocks are trans-boundary (crossing the borders of 
several EEZs) or straddling (crossing EEZs and the high seas) it became 
more urgent in the 1990s to come to multilateral agreements on how to 
manage these fish stocks. In 1993-1995 the United Nations Fish Stocks 
Conference was held, resulting in the UN Fish Stocks Agreement, which 
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encouraged the establishment of Regional Fisheries Management 
Organizations (Bjorndahl and Munro 2012).  

Fish and Fishing in the Baltic Sea 

The study object of this thesis is the fisheries of the Baltic Sea. In the 
following paragraphs, I will give a brief description of the area covered 
and how the catches of the main species have developed, and provide 
some information on how these fisheries have been managed over the 
years. This will explain why the Swedish Baltic Sea fisheries make an 
interesting topic for the investigation of economic issues. 

Figure 1 shows the Baltic Sea and its subdivisions. The subdivisions are 
used by the International Council for the Exploration of the Seas (ICES), 
a scientific advisor that estimates stock sizes and gives recommendations 
on the extent of fishing pressure that is suitable for different stocks. The 
Baltic Sea consists of brackish water with inputs of fresh water from 
rivers in the north-east and inputs of saline water from the Atlantic 
Ocean entering through the Kattegatt. The dominant species are cod, 
herring and sprat. Commercially, these species account for over 90% of 
landings. Cod is found under more saline conditions in the southern and 
eastern parts of the Baltic Sea, whereas herring and sprat are found in the 
central and northern parts (Zeller et al. 2010;  Nieminen, Lindroos, and 
Heikinheimo 2012;  Blenckner et al. 2015).  
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Figure 1:  
The Subdivisions of the Baltic Sea. 

Baltic cod is separated into two different stocks, where the western is 
found in subdivisions 22 (the Belt Sea), 23 (the Sound) and 24 (the 
Arkona Basin) and the eastern is mainly concentrated in the south-east 
part of the Baltic in subdivisions 25 and 26. Four separate herring stocks 
can be found in the following areas of the Baltic Sea: the Central Baltic 
Sea excluding the the Gulf of Riga (areas 25-29 and 32, hereafter called 
the central herring stock), the Gulf of Riga (area 28.1), the Bothnian Sea 
(area 30) and the Bothnian Bay (area 31). Finally, the sprat stock is 
considered to be one and the same in the whole of the Baltic Sea. 

ICES provides statistics on landings of fish from the stocks of the Baltic 
Sea. Figure 2 sums up the statistics on the weight of landings from the 
different stocks for the three major species: cod, sprat and herring. It is 
evident that there have been major changes in the composition of 
landings since the 1980s. Cod and herring were the most important 
species until the mid-1990s, when sprat came to dominate. The changes 
in catches reflect changes in the ecosystem of the Baltic Sea in the late 
1980s. High fishing pressure, combined with climate changes (higher 
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spring temperatures and lower salinity levels), contributed to the 
reduction of the cod stock that had previously kept the sprat stock at a 
low level. As the sprat stock that lived near the surface of the sea 
increased, the cod stock at the bottom decreased. And since sprat fed on 
cod eggs, and competition for zooplankton increased between sprat and 
cod larvae at the surface, it became increasingly difficult for cod to 
reproduce. Furthermore, eutrophication led to an excess of nutrients in 
the sea, which increased the availability of food for herring and sprat. 
There was also a reduction in the oxygen levels in the deep bottoms that 
reduced the amount of food for cod. Thus, the replacement of a cod-
dominated ecosystem by a sprat-dominated system in the beginning of 
the 1990s was the result of several combined factors (Ojaveer and 
Lehtonen 2001;  Blenckner et al. 2015).  

 

Figure 2:  
The Development of Landings (tonnes) of the Three Major Species (Cod, Sprat and 
Herring) in the Baltic Sea (Excluding the Gulf of Riga Herring). 
Source: Own calculations based on ICES Advice, 2014. Book 8. 

The most recent concern considering the Baltic cod stocks is the decline 
in the number of larger individuals in the Eastern Baltic. The amount of 
cod available for fishing (i.e. cod that is above the minimum landing size 
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of 38 cm1) has decreased, whereas the amount of cod below the 
minimum landing size has increased. It is currently unclear what has 
caused this problem, and different theories have been put forward. One is 
that the geographical overlap between cod stocks on the one hand and 
herring and sprat stocks on the other, has been reduced since the 1980s. 
This is related to a decrease in oxygen levels in the Gotland and Gdansk 
basins, which has led to these areas no longer functioning as spawning 
areas for cod. The only spawning area left for eastern Baltic cod is the 
Bornholm basin, which is situated in the southern part of the Baltic Sea. 
Since cod is a major predator on sprat and herring, which are 
geographically concentrated in the central and northern Baltic Sea, this 
means that there has been less food available in the areas where cod is 
currently spawning and thus the cod is slow-growing (ICES 2014).  

However, there are other factors that could explain the lack of growth. 
One hypothesis is that size selective gear has favored slow-growing 
individuals in the population. These individuals reproduce and an 
increasingly greater number of fish are slow-growing. This is 
demonstrated by the fact that age groups that were previously above the 
minimum landing size are now below it (ICES 2014). Svedäng and 
Hornborg (2014) argue that increases in mesh size over the last 15 years 
have made non-fishable size groups increasingly dense since they have 
experienced less fishing pressure and less cannibalism from larger 
individuals that have been reduced by fishing. In addition, the increased 
competition for food for smaller sized fish has reinforced the negative 
relationship between the size of the stock and the size of fish (Svedäng 
and Hornborg 2014). Other explanations are that parasites induced by 
seals are preventing cod growth, that there is a growing number of seals 
that feed on cod, and that increased fishing pressure for herring and sprat 
has reduced the availability of food (ICES 2014).  

Nine countries are currently fishing for sprat in the Baltic Sea. Poland 
(29% of the catch), Sweden (18%), Latvia (12%) and Estonia (11%) 

1 The minimum landing size has recently (2015-01-01) been changed to 35cm (European 
Commission 2014). A minimum landing size of 38cm was applied between 2005-2014 
(European Commission 2005). 
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were the major fishing nations in 2013. In 2013 the smallest cod catch 
since 1965 was harvested: around 13,000 tonnes of cod were caught in 
the Western Baltic sea and 44,000 tonnes in the Eastern Baltic sea (ICES 
2014). Denmark (55%), Germany (25%) and Sweden (13%) dominated 
the fishing for cod in the Western Baltic in 2013, as they had during the 
two preceding decades. In the Eastern Baltic, fishing for cod was 
dominated by Poland (38% of catches in 2013), Denmark (19%) and 
Sweden (17%) (ICES 2014).  

While the deterioration of the cod stocks is clearly affecting landings 
negatively, the patterns of the landings of herring and sprat are different. 
There is a steady decrease in landings of herring from 1978 until 2005 
when landings start to slowly increase again. This is mainly due to 
increased landings from the herring stock in the Bothnian Sea. The 
landings from the central herring stock have decreased steadily and by 
more than 50% since the late 1970s. Since herring and sprat compete for 
the same food, the increase in the sprat stock has affected the herring 
stock and the herring have also become smaller (there has been a 
reduction of mean weights-at-age). Nine countries are fishing for herring 
from the herring stocks, with Sweden, Poland and Finland as the main 
fishing nations (ICES 2014).  

Managing the Baltic Sea 

Nine coastal states are involved in managing the fisheries in the Baltic 
Sea. In 1974 the International Baltic Sea Fishery Commission (IBSFC) 
was established, and was responsible for the management of fishery 
resources in the Baltic Sea up until the accession of the new EU 
members in 2004. This commission resulted in several action plans and 
long-term strategies for the concerned species. But the main task was to 
agree on the yearly quotas, the Total Allowable Catch (TAC) for each 
species, using scientific advice from the ICES. The scientific advice was 
collected, and then TACs were negotiated. 

The national quotas were shared among the vessels of each country 
according to rules that depended on the national management system in 
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place. In Sweden, for example, national quotas for herring and cod were 
given to vessels bi-weekly. Each vessel was given a quota that was based 
on the size of the vessel (gross tonnage), and these quotas had to be 
fished or they would be lost. Regulating by TACs was complemented by 
more detailed rules that, for example, restricted fishing during certain 
times of the year in certain areas, required fishermen to apply for 
licenses and kept technical regulations on the gear and the size of the 
fish. The common fisheries policy of the EG was established in 1983, 
and successively made it possible for vessels from Baltic countries to 
fish in each other’s waters as new members entered. Denmark and 
Germany were original members, Sweden and Finland joined in 1995 
and in 2004 Poland, Estonia, Latvia and Lithuania joined the union, 
leaving only Russia outside (Zeller et al. 2010). Since 2005, TACs are 
negotiated between the EU and Russia.  

Since the early 1990s it was evident that many stocks were in a poor 
state and that the control of the fisheries was not satisfactory. The 
IBSFC, and later the EU, were unable to limit fishing pressure to levels 
recommended by ICES in the decade that followed, and for all Baltic 
stocks that were evaluated, TACs were systematically set higher than 
had been recommended by scientists. In addition, the scientific advice 
was unreliable since it was based on incomplete and missing data. For 
example, ICES estimated that total catches of cod could have been 30-
40% higher than officially reported during 2000-2006 (Aps and Lassen 
2010). 

Lately, there have been substantial changes in the management systems 
of many Baltic countries, as more and more fisheries are introducing 
systems in which quotas are held for longer time periods. In particular, 
individual transferable quotas (ITQs) have become popular. In Denmark, 
the first ITQ system was introduced in the pelagic (herring and sprat) sea 
fisheries in 2003, and by 2009 all Danish fisheries were under ITQ 
systems (TemaNord 2009). Estonia implemented ITQs in all offshore 
fisheries as early as 2003, whereas Sweden introduced ITQs in the 
pelagic fishery in 2009. Poland has so far opposed the introduction of 
transferable fishing concessions such as ITQs, but the trend towards new 
management systems in the Baltic is clear (Figus 2013). 
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A new reform of the Common Fisheries Policy was finalized in 2013. 
Emphasis was put on ecosystem-based management, and management 
plans for fish stocks were encouraged. In particular, plans that covered 
several species and years were seen as important for getting closer to 
taking entire ecosystems into consideration in fishery management. An 
obligation to land all species that were covered by EU quotas (with some 
exceptions) was also decided on, and further integration of fishery 
policies and environmental policies was called for. The new regulations 
are meant to serve as a basis for measures that are decided on a regional 
level with concerned member states and advice councils. In line with the 
reform, the EU commission has recently suggested that the three main 
stocks of the Baltic – cod, sprat and herring – should be regulated 
together in the same management plan (Swedish Board of Agriculture 
2014, European Commission 2014).  

The Swedish Fishery Sector 

The fishery sector is a small part of the Swedish economy. The value of 
landed fish has been around one billion Swedish kronor per year since 
2004 and the number of employees in the sea fisheries sector was 1,679 
in 2011. In addition, there were around 300 firms involved in the 
processing of fish products in 2012 (STECF 2014; Swedish Board of 
Agriculture 2014). 

In December 2013 there were 1,362 vessels registered for commercial 
fishing in Sweden. The number of vessels has decreased during the last 
decade, reduced by 232 between 2004 and 2013. After 2009 the 
reduction of vessels stabilized, although the introduction of the pelagic 
ITQ system resulted in a further reduction of the number of vessels 
fishing for herring and sprat. When the system was introduced there 
were 82 vessels with a permit to fish for pelagic species. By 2013 there 
were 47 vessels left.  That is to say, the number of vessels was reduced 
to 34 vessels in 2013 (Swedish Agency of Marine and Water 
Management 2014). 
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Table 1 shows the value of landings of the most important species in 
Swedish fisheries in 2013 in three coastal districts. It is clear that the 
most important species is herring, and that this species is important in all 
coastal areas as well as for Swedish landings abroad. Most of the fish 
landed abroad is landed in Denmark, and this is where most of the fish 
for reduction is landed. Fish for reduction mainly consists of sand eel, 
sprat and herring (Swedish Agency of Marine and Water Management 
2014).  

Table 1:  
Values of Landings by Swedish Vessels of Different Species, Millions of SEK, 2013. 

 West 
Coast 

South 
Coast 

East 
Coast 

Abroad Total 

Herring (Clupea Harengus)  84.0   30.3   27.1   89.4   230.8  

Fish for Reduction  0.6   14.4   5.0   177.4   197.4  

Norway Lobster (Nephrops 
Norvegicus) 

 105.4   0.2   0.1   0.6   106.2  

Northern Shrimp (Pandalus Borealis)  99.0   -   -   0.3   99.2  

Cod (Gadus Morhua)  16.8   61.1   0.6   13.0   91.6  

Sprat (Sprattus Sprattus)  5.2   7.7   38.6   26.6   78.1  

Other Species  45.6   13.2   18.2   24.7   101.8  

Total  356.6   126.8   89.6   332.1   905.1  

Source: Adapted from JO 55 SM 1401, Table 4: Landings of Sea Fisheries by Coastal 
District in 2013, Value. 

On the west coast, the Norway lobster and northern shrimp fisheries are 
important. These species are valuable and contribute to around 23% of 
the value of total landings. Although cod is also a relatively valuable 
species, the reduction of landings from the Eastern Baltic has recently 
reduced the economic importance of cod in Swedish fisheries. In 2013 
the landings from cod fishing consisted of only 10% of the total landings 
from Swedish vessels. 
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Prices, Management and Labor Supply  

This thesis discusses prices, management and labor supply in Swedish 
Baltic Sea fisheries using empirical methods to explore the economic 
behavior in the sector. The formation of prices takes a central place in 
the thesis. Prices are important for fishermen and processors, and lower 
prices can force processing firms to exit the industry as well as making 
fishermen look for work elsewhere. I will discuss prices of different 
attributes, the effect of prices on demand, and how prices and 
management issues are related. The second, third and fourth chapters 
deal with issues that are related to price formation, whereas the fifth 
chapter takes a look at the incomes of fishermen. 

In the second chapter I will look at the prices of different sizes and 
qualities of cod, and how changes in prices will respond to changes in 
the supply. The case of landings of cod made by Swedish vessels in 
Swedish Baltic ports is used. Here, it is clear that ecosystem changes are 
closely related to prices, since the quality of the product is a result of an 
ecological process. In light of the recent concerns about cod being small 
and of low quality, it is evident that there is a direct link between the 
status of the ecosystem and the prices of fish, and that the survival and 
development of the fisheries and the processing industry is dependent on 
the development of the Baltic sea’s ecosystem. 

Rather than studying the prices of different types of a product, it is 
possible to isolate the attributes of that product and study the prices of 
these attributes. This can be done in a hedonic demand model. In 
Chapter 2, the attributes that are studied are four different sizes and three 
different quality ratings of cod. It is clear that prices have decreased 
since the end of the 1990s, and that prices are substantially lower if cod 
is of the smallest size (0.3-1 kilo.). And although there is a price 
premium on cod that is of better quality than average, this attribute is 
unusual.  

As the composition of landings changes, the prices of different attributes 
will also change, and hence revenues could be affected. The results are 
important when modeling the effects of new management proposals on 
revenues, since changing quantities could result in new prices. I show 
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that prices depend on landed quantities, and that quantity effects are 
greater for prices of small cod than for large cod. It is also shown that 
different sizes of cod are substitutes, i.e. when cod of a particular size 
gets more expensive, buyers turn to cod of another size. Finally, over the 
time period studied, there is an increased demand for larger sizes of fish 
and fish with a higher quality rating. 

It was noted above that the management systems used for different 
fishery resources have changed dramatically over the years. Turning 
attention to management, the third chapter, co-authored with Johan 
Blomquist and Staffan Waldo, discusses the effects of a management 
reform in the Swedish Baltic cod fishery. In April 2011, as part of a 
reform process aimed at preventing fishers from throwing fish 
overboard, trawlers were given annual quotas rather than the previously 
applied quarterly ones. The chapter investigates whether the bargaining 
power of trawler fishermen has improved since the reform. Since 
fishermen gain more freedom in choosing when to fish while processors 
are keen to have regular landings (in order not to have unused capital), 
we suggest that prices are likely to increase following the reform.  

The results indicate that prices have increased due to the increased 
bargaining power of trawler fishermen after the reform. The effects of 
fish size, fish quality, landing port and landing date are left out of the 
analysis; if any of these factors changed due to the regulatory change, it 
did not affect the results. We also investigate whether the price change 
that we have found is driven by changes in reservation prices (i.e. the 
lowest price a fisher would accept and the highest price a buyer would 
accept), and find that this is not the case. Thus, we conclude that 
introducing yearly quotas is likely to have changed bargaining power 
between fishers and buyers in the Swedish Baltic cod fishery. 

However, it is important to realize that the market for Swedish Baltic cod 
is not isolated from the rest of the world. Frozen and processed cod are 
highly traded products on the international market and even markets for 
fresh cod have been shown to be internationally integrated (Nielsen 
2005). Prices of cod on the local market will thus be affected by world 
market prices. This is the reason why the price effects found in Chapter 2 
and Chapter 3 are small. 
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As discussed above, Sweden introduced an ITQ system in pelagic 
fisheries in 2009. One of the major concerns when introducing these 
systems is the effect on small-scale fisheries. Chapter 4 is co-authored 
with Staffan Waldo, Kim Berndt, Martin Lindegren, Anders Persson and 
Anders Nilsson, and provides insights into the management design for a 
Swedish small-scale herring fishery in the western Baltic Sea. This 
fishery was exempted from the ITQ system that was introduced for the 
large-scale Swedish herring fishery in 2009. 

The migratory pattern of the herring implies high densities in the 
southern parts of fishing areas during the spring, and in the northern 
parts during the autumn. This forms the basis for two fisheries in the area 
competing for a shared quota, as well as for the management proposal to 
divide the quota into spring and autumn parts. Since prices are higher in 
the autumn it is more profitable to fish at this time of the year, provided 
there is quota left. Different management proposals are discussed in the 
paper. The main conclusion from the case study is that, when exempting 
a fishery from an ITQ system, it is important to build other institutions 
dealing with the fundamental problem of access to the quota.  

The final chapter (Chapter 5) discusses how fishermen are thinking 
about their incomes using ideas from prospect theory (Kahneman and 
Tversky 1979). Again, the case of Swedish cod fishermen is used, this 
time limited to trawlers above 12m. Since there is a lot of uncertainty in 
fishing, and the catch can vary on different trips and on different hauls, 
there must be strategies for handling this uncertainty. One solution might 
be to set specific revenue targets, i.e. to stop fishing when a certain 
revenue level has been reached in a certain time period. This period 
could be the time of the fishing trip or perhaps a more strict time period 
like a week. In Chapter 5, trip-specific revenue targets as well as weekly 
revenue targets are investigated.  

The results indicate that cod fishermen choose to continue a fishing trip 
if revenues are higher than expected on a specific trip and hence there is 
no evidence of trip-specific revenue targets. If revenue targets are instead 
assumed to be weekly, the results are slightly different, as higher 
revenues later on in the week (and particularly higher revenues on a 
Friday) make fishermen end their fishing activities earlier. Although this 
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result points toward revenue-targeting behavior, most fishing trips end 
before Friday and thus the general conclusion is that fishermen do not 
have weekly revenue targets.  
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Introduction 

Much focus in fishery economics has been on the total biomass of 
harvested fish stock without any consideration of the size or quality of 
the fish. In order to maximize the economic value of a fishery, it is not 
just the weight in tons that matters, since attributes such as size and 
freshness can change the value of the catch substantially. The prices of 
different sizes and qualities2 are closely related to the management of 
fishery resources. Fisheries, such as the Baltic cod fishery, are often 
regulated by quota restrictions set in tons of fish, with fish size regulated 
by restrictions on mesh sizes and minimum legal landing sizes. As 
discussed below, a fish stock that is efficiently managed economically 

2 Although it is possible to refer to size as a quality, herein, size is regarded as separate 
from quality, which is considered to be a quality aspect related to freshness and 
appearance of the product as set forth in EU regulation No 2406/96 of 26 November 
1996.  
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often has a larger amount of large-sized fish as well as a high amount of 
undamaged and fresh fish. 

The pricing of size attributes is especially interesting since price has 
been the focus of a large number of studies relating fishery management 
to the size (or age) structure of the biomass (Döring and Egelkraut 
2008;  Froese et al. 2008;  Quaas et al. 2010;  Diekert 2011;  Ravn-
Jonsen 2011;  Cardinale and Hjelm 2012). Numerous benefits of 
delaying harvesting until fish have reached a certain size have been 
pointed out. Firstly, the most obvious point is that larger fish increase the 
value of the total catch. Secondly, larger fish can also decrease 
uncertainties about the future stock, since the spawning success will be 
less likely to be dependent on a single age group (Döring and Egelkraut 
2008). Finally, societal values, like a good sea ecosystem status and 
higher values of recreational fisheries can be achieved in a fishery with 
larger fish (Cardinale and Hjelm 2012). 

Quality attributes not related to size may also be related to the status of 
the biomass stock but will also depend on how the fish are handled after 
they have been caught. The incentives for fishermen to produce high-
quality fish are expected to increase in an economically efficient fishery, 
and fishermen will, therefore, deliver a larger amount of fresh, 
undamaged fish (Squires, Kirkley, and Tisdell 1995;  Larkin and Sylvia 
1999;  Grafton, Squires, and Fox 2000;  Carroll, Anderson, and 
Martinez-Garmendía 2001). The price paid by fish processors to fishers 
is likely to depend on these quality aspects. Fish that have been handled 
more carefully and have not been stored too long are expected to receive 
a higher price on the market.  Hence, the pricing of quality attributes, 
other than size, is interesting from a fishery management perspective. 

Since Rosen (1974), the estimation of supply and demand of attributes 
has been discussed in the literature (Brown and Rosen 1982;  Bartik 
1987;  Epple 1987;  Ekeland, Heckman, and Nesheim 2004),  and a 
number of studies have empirically estimated the demand and supply of 
attributes (Palmquist 1984;  Bowman and Ethridge 1992;  Stewart and 
Jones 1998;  Wang 2003;  Kristofersson and Rickertsen 2004, 
2007).This study contributes to the literature on hedonic prices and 
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inverse demand by using the Brown and Rosen model with random 
coefficients as presented in Kristofersson and Rickertsen (2004).  

Using a unique and detailed dataset, the study takes a closer look at 
prices related to the size and quality ratings of cod in the Swedish Baltic 
Cod fishery. Lately, the size and quality composition of Swedish Baltic 
cod have become an important issue, as the problems of a diminishing 
fish stock, especially for Eastern Baltic cod, have become less severe 
(Romare 2011;  Cardinale and Hjelm 2012;  Eero, Köster, and Vinther 
2012). Despite the recovery in the stock biomass, the size of harvested 
cod is still small (Cardinale and Hjelm 2012). Fishermen, as well as 
society, could benefit from larger higher-quality cod. The price 
premiums of different attributes, five size classes, and two quality ratings 
are investigated using the hedonic method. In addition, the effects of 
increasing the quantities of cod with different attributes are analyzed in 
an inverse demand system. Increasing the quantities of attributes is 
expected to result in decreasing attribute prices. If these price increases 
are not considered, the benefits of sustainable management might be 
overestimated. The ambition of this study is to give guidance on the 
economic value of different size and quality compositions of cod 
landings. 

The article proceeds with a short description of the Swedish Baltic cod 
fishery and the regulations surrounding it. This is followed by a 
description of the estimation of the hedonic model and the inverse 
demand model in the literature and herein. Next, the database of the 
Swedish cod fishery and some statistics based on it are presented, as are 
the results from the hedonic inverse demand model. A discussion on how 
the results relate to fishery management issues brings the paper to a 
close. 

The Swedish Baltic Cod Fishery 

The Baltic Cod Fishery is one of the most important fisheries in Sweden. 
In 2011 around 17 % of the value of all fish and seafood landings in 
Sweden consisted of cod, mostly landed along the south coast of Sweden 
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(Swedish Agency of Marine and Water Management 2012). The fishing 
areas include the Western Baltic (the Belt Sea, the Sound, and the 
Arcona basin) and the Eastern Baltic (including the Bornholm basin, the 
Gdansk basin, the Gotland basin, the Bothnian Sea, the Bothnian Bay, 
and the Gulf of Finland). In 2011, nine countries were fishing for cod in 
these two areas in the Baltic. Poland, Denmark, and Sweden were the 
major fishing nations fishing for cod in the Eastern Baltic, while 
Denmark, Germany, and Sweden fished in the Western Baltic. In total, 
50,368 tons of cod were landed from the Eastern Baltic in 2011, of 
which 20 % was landed by Swedish vessels, and 16,332 tons of cod from 
the Western Baltic stock were landed, of which Swedish vessels landed 
16 % (ICES (International Council for the Exploration of the Sea). 
2012).  

The Swedish cod fishery is regulated by EU legislation and national 
legislation that, in some cases, goes further than the EU regulations. The 
regulations consist of setting quotas, limiting the number of days out of 
port, fishing bans, and closed areas. A multiannual plan for cod stocks in 
the Baltic Sea was established in 2007, the motivation being a decline in 
the stock to levels of reduced reproductive capacity and unsustainable 
harvesting (European Commission 2007). The purpose was to gradually 
reduce and maintain fishing mortality rates at levels no lower than 0.6 on 
ages 3 to 6 years for the Western Baltic cod stock and 0.3 on ages 4 to 7 
for the Eastern Baltic cod stock. This regulation also stipulated 
prohibited periods and closed areas for the two Baltic cod stocks. Fishing 
with most types of fishing gear is prohibited from the April 1st until the 
April 30th in the Western Baltic Sea (the April closure) and from July 
1st until August 31st in the Eastern Baltic Sea (the summer closure). 
Most types of fishing activities in the Gdansk deep, the Bornholm deep, 
and the Gotland deep are prohibited from May 1st to October 31st 
(European Commission 2007). The number of days at sea is regulated 
from year to year under different EU regulations. For example, in 2011 
vessels were limited to 163 days absence from port in the Western Baltic 
Sea and 160 days absence from port in the Eastern Baltic Sea (European 
Commission 2010).  In addition, regulations require fishers to have 
licenses and vessel permits, and stipulate the allocation rules for fishing 
quotas. Special rules also apply to cod fishing, which requires a special 
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to fish markets, McConnell and Strand (2000) use a hedonic function of 
different fish species to investigate the qualities of Hawaiian tuna sold at 
fish auctions. Hedonic prices have also been estimated with a hedonic 
pricing model by Roheim, Gardiner, and Asche (2007) to determine the 
relative value of the attributes of frozen, processed seafood in the UK. 
The effects of different fishing methods on prices have been investigated 
by Asche and Guillen (2012), who compare the prices of hake caught by 
longline, trawl, and gillnets in the Spanish wholesale market. The results 
show that fish caught by longline receive a higher price than fish caught 
by trawl or gillnets. However, hake caught by gillnets have smaller price 
premiums than hake caught by trawlers, which suggests that trawling 
does not reduce quality as much as gillnetting. The value of line-caught 
haddock and cod in British supermarkets is investigated by Sogn-
Grundvåg, Larsen, and Young (2013), and the results suggest that 
consumers pay more for line-caught fish compared to fish caught by 
other methods. This study also finds a price premium for fish labeled by 
the Marine Stewardship Council (MSC).3 A recent study by Lee (2014) 
discusses hedonic pricing of Atlantic cod and finds price premiums for 
large and fresh cod.  

All of the above studies focus on the hedonic price function, without 
considering how changing quantities of attributes affect hedonic prices. 
Rosen (1974) pointed out that this type of hedonic price function can 
only reveal something about attribute prices at prevailing quantities, 
since prices normally are determined by demand as well as the supply of 
attributes. Hence, in order to identify the demand and supply of 
attributes, a system of demand and supply equations should be estimated 
(Rosen 1974).  However, it is possible that in markets like housing 
markets (Palmquist 1984) and natural resources (Wang 2003), or fresh 
produce like fish (Barten and Bettendorf 1989;  Kristofersson and 
Rickertsen 2004, 2007), the supply of attributes can be assumed to be 
exogenous. In this case, the estimation of an inverse attribute demand 
equation for an attribute is possible: 

3 The Marine Stewardship Council is a non-profit organization with a certification 
program that recognizes and rewards sustainable fishing. 
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certain size that fit in the machine, or there could be buyers of fish who 
sell to luxury restaurants that demand higher quality fish. 

One way to find variation of prices and solve the problem of unobserved 
demander characteristics is to use daily observations of the hedonic price 
function under the assumption that this function varies from day-to-day, 
but that unobserved characteristics of the processors do not. This allows 
the estimation of hedonic price functions that are unaffected by 
processor characteristics. 

Estimation 

In this study, fishers are assumed to be price takers in the short run. The 
assumption seems especially motivated for daily supplies. After fishers 
have landed the catch, the fish attributes cannot be changed. It is also 
assumed that unobserved processor characteristics do not vary from day-
to-day. Thus, on a daily basis, the prices of fish attributes are determined 
by the demands of fish processors. Furthermore, the demand for cod 
from processors is assumed to be separate from demand for other types 
of fish. The assumption can be motivated since results from previous 
studies have shown that the market for whitefish is separated from other 
fish markets and that cod is a price leader on the whitefish market 
(Asche, Gordon, and Hannesson 2004;  Nielsen 2005;  Nielsen, Smit, 
and Guillen 2008). The details of the theoretical framework underlying 
the model used in this study is described in Kristofersson and Rickertsen 
(2004) and Kolstad and Turnovsky (1998).  

The estimation follows the approach of Kristofersson and Rickertsen 
(2004), where the hedonic inverse demand equation is estimated using a 
random coefficient model.  The motivation for using this model is that 
there is a need to take the importance of each landing day into account. 
For comparison, as in Kristofersson and Rickertsen (2004), the Brown 
and Rosen (1982) model, which relies on an underlying assumption that 
estimates from each landing day have the same level of accuracy, is 
used. The Brown and Rosen model is estimated in two steps whereas the 
random coefficient (RC) model is estimated in one step.  
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Table 1.  
Summary Statistics: Baltic Cod Catches from Swedish Vessels, 1997-2011 

 
 

Number of 
Observations 

Number 
of 
Vessels 

Quantity 
Landed (tons)  

Swedish Quota 
(tons) 

Price per 
Kilo (real 
SEK) 

1997 65,848 612 22,093 38,860 9.6 
1998 58,599 563 14,024 29,246 13.2 
1999 64,356 536 14,134 25,870 13.8 
2000 68,005 546 16,154 21,303 13.9 
2001 69,218 517 16,286 22,083 14.9 
2002 55,043 476 12,378 15,203 14.9 
2003 58,297 440 12,332 15,438 12.5 
2004 53,852 408 12,697 12,323 12.2 
2005 46,567 391 8,892 12,918 13.8 
2006 42,168 350 10,243 14,969 14.2 
2007 33,090 323 10,427 13,649 14.5 
2008 35,933 320 9,311 12,011 13.9 
2009 32,399 276 9,892 12,916 10.6 
2010 24,760 237 9,564 14,685 11.1 
2011 23,467 228 10,258 16,645 11.1 

Note: Quotas as set by the original EU regulations each year; i.e., amendments are 
disregarded. Prices are deflated by 1997 consumer prices. 

Over the time period the number of observations has decreased 
substantially. The total number of observations in 2011 was only 36 % of 
the total number of observations in 1997. This decrease is accompanied 
by a decrease in the number of vessels and the quantity of cod landed, 
which, in turn, is related to the decrease in quotas for the Swedish cod 
fishery. For example, the national quota for Sweden, which was 38,860 
tons in 1997, had decreased to 12,011 tons in 2011 (European 
Commission 1996a, 2010). In 2011 the number of vessels landing cod 
was less than half (38 %) of the number of vessels in 1997. A further 
look at the data reveals that this decrease is due to a decrease in the 
number of vessels using passive gear. The share of the total quantity 
landed by vessels using active gear was around 60 % in 1997, which had 
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increased to more than 80 % by the end of the time period (own 
calculations). Table 1 also displays the average cod price over the time 
period and shows that it is negatively correlated with landed quantities. 
The highest average prices were recorded in 2006-2008 when Swedish 
fishers received around 16 SEK (around 14 SEK in 1997 prices) per kilo 
of cod.8 The average price has since declined. 

Prices are related to size and quality and, therefore, a change in the 
composition of landings could hide the effect that different 
characteristics have on average prices.  Size classes and quality ratings 
are regulated by the European Commission in a regulation that determine 
common marketing standards for certain fishery products (European 
Commission 1996b). There are five size classes for cod: 0.3-1 kilo, 1 to 
2 kilos, 2 to 4 kilos, 4 to 7 kilos, and more than 7 kilos. The quality 
classes are determined on the basis of freshness and are the same for all 
whitefish. To be classified in category E, the fish must be free of 
pressure marks, injuries, blemishes, and bad discoloration. For category 
A, the fish must be free of blemishes and bad discoloration; a very small 
proportion with slight pressure marks and superficial injures can be 
tolerated. Finally, for category B, blemishes and bad discolorations are 
not tolerated, but a small proportion with more serious pressure marks 
and superficial injuries is accepted. Further definitions of the categories 
are specified in the regulation, where special ratings are based on the 
skin, skin mucus, eyes, gills, peritoneum (in gutted fish), and smell of 
gills, abdominal cavity, and flesh. For ease of presentation the quality 
classes are referred to as Class A, B and E in the following. 

Figure 1 presents shares of cod with different attributes in total landings.  
The two largest size classes (>4 kilos) have been added together since 
they represent small shares of the total quantity landed. Only around 1-3 
% of the cod weigh more than 4 kilos. Between 5 and 10 % of the 
landings of cod weigh between 2 and 4 kilos, whereas most of the cod 
landed are smaller than 2 kilos, since more than 90 % are classified into 
one of the smaller size classes. The most notable change during the time 

8 A Swedish krona was equivalent to 0.14 USD as of 2011-12-31. 
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period is the increase of landings of very small fish. Cod weighing 
between 1-2 kilos become more unusual, and cod weighing 0.3-1 kilos 
constitute almost 60 % of landings by the end of the time period.  

 

Figure 1. 
Quantity Shares (tons) of Cod with Different Characteristics, 1997-2011 

The quality ratings outlined in the EU regulation result in most fish 
being classified as of average quality; i.e., Class A. A varying amount of 
fish is classified as Class E; that is, the finest quality available in the EU 
classification. Over the years, this share ranges between 5 and 25 %. A 
very small share of the fish is classified as Class B; i.e., below average 
quality. The trend is towards more fish being classified as Class A. In 
summary, the data show that cod landed in Baltic Swedish ports have 
decreased in quality as well as size.  

Figure 2 presents real prices of cod with different characteristics. Real 
prices increase for almost all types of cod, except for cod in Class B, 
until 2007. Since then, real, as well as nominal, prices have decreased. 
Comparing cod of different characteristics, it appears that Class B 
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receives considerably lower prices than the other classes and that the 
price of cod in this class decreases over time. Most of the cod landings in 
Swedish Baltic ports are classified as Class A cod, and the price of this 
class is, therefore, close to the average price during the time period. The 
price of Class E cod follows the price of Class A cod closely until 2008, 
when a price premium for Class E cod appears.  

 

Figure 2.  
Prices of Cod with Different Characteristics (1997-2011), SEK/Kilo  

Note: Prices are deflated by 1997 consumer prices from Statistics Sweden. 

Looking at the prices of cod of different sizes, it is apparent that larger 
sizes receive higher prices. However, it appears that the smallest size 
category (Very Small) receive substantially lower prices than the other 
size categories. Another interesting observation is that the prices of 
different categories of cod appear to be more similar in the beginning of 
the time period and diverge more towards the end of the time period. 
This is an indication that different attributes of cod have become more 
important over time. 
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The inverse demand model uses information on daily attribute prices and 
landed quantities to estimate the effect of quantity changes on attribute 
prices. Hence, it is important that prices vary from day to day. An 
example of the price variations is shown in figure 3 where prices (in 
SEK per kilo) vary considerably between days in 2011. The diagram 
shows that prices, as before, are lower for very small cod (0.3 to 1 kilo). 
The price difference between the other sizes is more difficult to observe 
in the diagram, although it is clear that smaller cod (1-2 kilos) vary less 
in price than cod in the two largest size categories. 

 

Figure 3.  
Day-to-day Variation of Average Prices of Class A Cod Landed in Swedish Baltic Ports 
in 2011 

Note: Price observations that are larger than 30 SEK or smaller than 1 SEK have been 
omitted in order to get a clearer picture.  A total of 1,394 observations are lost, which is 
only 0.002 % of the total number of observations in the dataset. 
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Class A. The coefficients of the quality attributes (Classes E and B) 
show the price premia of supplying a product of better or worse quality. 

Table 3.  
Attribute Prices 

  OLS BR Model, Average 
of Coefficients   

RC Model 
Coefficients 

z_L  14.9746*** 15.6926 16.3007*** 
z_M  14.2180*** 14.8874 15.1857*** 
z_S  14.2184*** 14.64 14.8504*** 
z_VS  11.6026*** 11.954 12.0628*** 
z_B  -5.8873*** -6.4069 -6.7406*** 
z_E  1.2571*** 1.2686 1.3624*** 

Note: The number of observations in the OLS and RCmodel is 731,540. The number of 
regressions in the first stage of the BRmodel is 5,307. Significant levels are: * for 
p<0.05, ** for p<0.01, and *** for p<0.001. 

All models show the same pattern and have similar coefficients. Since 
the number of observations is much larger in the beginning of the time 
period, the price differences in the OLS model reflect the situation in the 
beginning of the time period to a larger extent than the other models 
(compare figure 2). The Brown and Rosen model shows the average of 
the coefficients from 5,307 landing-day regressions and hence accords 
each landing day equal importance. Since price differences increase over 
the time period (figure 2), the higher prices of Medium and Large cod as 
compared to OLS is not surprising. Finally, the RC model, which 
includes all the interaction terms (except the trend interactions) and 
random error terms in equation 5 (not presented in table 3), show slightly 
larger average prices over the time period.  

Although the three models show a similar pattern, the RC model is 
preferred, mainly because it takes differences in landing days into 
account. A log-ratio test comparing the RC model to a model without the 
interaction terms, and the variance-covariance components (i.e., a model 
corresponding to the OLS model) confirms that the unconstrained RC 
model is preferred. Furthermore, by adding the second level explanatory 
variables the remaining error variance decreases from 7.85 to 1.44, 
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Table 4.  
Results of Inverse Demand from the RC Model: Marginal Effects of Quantity Changes 

 z_L z_M z_S z_VS z_E z_B 

qL -0.1872*** -0.1189*** -0.1055*** -0.0987*** 0.0133 0.0675*** 

qM -0.1189*** -0.1708*** -0.1477*** -0.01 -0.0006 0.0709*** 

qS -0.1055*** -0.1477*** -0.1758*** -0.0805*** 0.0211 0.0708*** 

qVS -0.0987*** -0.01 -0.0805*** -0.2923*** 0.0027 0.0508*** 

qE 0.0133 -0.0006 0.0211 0.0027 -0.1055*** -0.0144 

qB 0.0675*** 0.0709*** 0.0708*** 0.0508*** -0.0144 -0.0184 

tr 0.1943*** 0.0703*** 0.0003 -0.0670*** 0.1385*** -0.1452*** 

Note: The number of observations is 731,540. Significant levels are: * for p<0.05, ** for 
p<0.01, and *** for p<0.001. 

Most coefficients are significant and have the expected sign.14 The own-
quantity effects are expected; increasing the amount of Large, Medium, 
Small, Very Small, and Class E cod gives lower prices of these 
attributes. The effect on the price premia of increasing the amount of cod 
in Class B is not significant. Class B cod has a substantially lower price 
than other types of cod and the landed quantity is small (figures 1 and 2). 
The own-quantity effect is largest for the Very Small cod (0.3-1 kilo); 
when the quantity of Very Small cod doubles, the price decreases by 
0.29 SEK. The own-quantity effects of the other size attributes are very 
similar, and the results indicate that price decreases by 0.17-0.18 SEK, 
on average, when quantities increase by 100 %. This suggests that 
increasing the weight of cod to more than 2 kilos would not affect prices 
substantially. However, the relatively small price premia on larger sizes 
of cod might discourage fishers from aiming for cod larger than 2 kilos. 
One possibility is that this is a short-term effect due to processors being 
restrained by current technology. If the supply of larger-sized cod were 
to increase substantially, technology could also change and prices would 
increase for larger sizes of cod.  An increase in the amount of Class E 
cod in the market does not affect price as much as increases in size 

14 The regression was also run using robust standard errors: however, this did not change 
the significance of the coefficients in any significant way. 
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attributes, indicating that demand for Class E cod is relatively insensitive 
to quantity changes.  

Cross-quantity effects are negative between the size attributes, indicating 
that different sizes are substitutes. Cross-quantity effects are significant 
in all cases except between Very Small and Medium cod. There is also 
some indication that when cod are closer in size, the effect of quantity 
changes on price is larger. For example, if the quantity of Medium and 
Small cod increases by the same amount, the price of Large cod will be 
affected more by the increase in Medium cod. The price of Medium cod 
also seems to be more affected by quantity changes in Large and Small 
cod than by quantity changes of Very Small cod. In fact, Very Small cod 
does not seem to be affected much by quantity changes in substitute 
attributes. 

The cross-quantity effects of Class E and Class B cod are positive in 
most cases although insignificant for Class E cod. Increasing the amount 
of Class E cod does not seem to affect the prices of other attributes 
except for the price of Class E cod itself. However, increasing amounts 
of Class B cod increase the price of all the size attributes, indicating that 
larger amounts of low-quality cod increase the value of average quality 
cod.  

The coefficients for the trend variables shows that, over time, Class B 
cod and Very Small cod are less preferred, while Class E cod and Large 
cod are more preferred. On average, the price of Class E cod increases 
by 0.14 SEK per year, and the price of Large cod increases by 0.19 SEK 
per year.  Also, the price of Medium-sized cod is increasing, although a 
bit less, over time.  The pattern is similar to that of Kristofersson and 
Rickertsen (2004), who find a trend in demand away from bad and 
towards better-quality cod over time. Thus, there is an indication that 
markets give an increased value to larger, higher-quality cod over time.  

The variance and covariance components of the RC model are shown in 
the Appendix (table A3). All variance components are significant and all 
covariance components, except one, are significant. The estimates show 
that attribute prices variability is greater the larger the cod and also 
greater for cod in quality Class B. The variability of the size attributes 
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confirms the pattern in figure 3. The results from the second stage of the 
Brown and Rosen model are also shown in the appendix (table A2). 
These results are similar to those presented above: own-quantity effects 
are negative, cross-quantity effects are smaller and give an indication of 
whether attributes are substitutes or complements. As in the RC model, 
time trends indicate that larger, better-quality cod is valued more over 
time. However, the coefficients are smaller in magnitude and the number 
of coefficients significant at the 0.1 percent level is smaller. As 
mentioned above, the results from the RC model seem to be more robust.  

The theoretical model in Kristofersson and Rickertsen (2004) suggests 
that demand also depends on the production of the fish processors. Since 
it is not possible to get a reliable measure of cod production, this variable 
has been omitted from the regression above. However, a sensitivity 
check is run, where the quantity of monthly exports of cod products from 
Sweden are used as a proxy for production. When using the proxy, the 
results show that most hedonic price coefficients become slightly 
smaller, whereas the coefficients on the quantity variables become 
somewhat larger.15 The marginal hedonic price of Class E fish becomes 
insignificant, while the own-quantity effect of Class B fish becomes 
significant. Also, four coefficients on cross-quantity effects that were 
insignificant in the original model now become significant. In general, 
the ranking of coefficients seems stable between the original and the new 
model. Although the model with the production proxy seems to result in 
more significant coefficients, it not entirely clear that exports are a good 
proxy for production.16 The main conclusion from this exercise is that 
the coefficients might be somewhat downward biased in the original 
specification because of the omitted production variable. 

15 The results are available upon request. 
16 Exports constitute around 20 % of the production of fish processors. The correlation of 

yearly real returns and real exports from 1997-2010 is 0.23, so there is possibly some 
correlation between the proxy and the variable of interest, although it is rather weak. 
The composition of cod products in exports may also have changed over time, 
something that is not possible to account for.  
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Discussion and Policy Implications 

An interesting aspect of the Swedish Baltic cod fishery is that both 
fishermen and researchers are looking for methods to increase the size of 
Baltic cod. For example, the Swedish Association of Cod Producers is 
aiming at increasing the minimum size of landed cod to above 40 cm 
(STPO (Svenska Torskfiskares Producent Organisation). 2012). In 
addition, as mentioned above, increasing the size of Baltic cod has also 
been suggested as desirable by a number of biological studies. One of the 
most important expectations of increasing cod size is that it will generate 
higher revenues for fishermen.17 Thus, the effects of quantity changes on 
attribute prices could be used to indicate how revenues change as the 
composition of landings change.  

Cardinale and Hjelm (2012) estimate revenues from changing the size 
range of Eastern Baltic cod by introducing methods for size selectivity 
(i.e., regulating gear mesh size). The optimal scenario is to harvest cod 
that has reached a length of 70-77 cm and is 5-6 years of age. This cod 
would be of Medium size, weighing between 2 and 4 kilos, according to 
the definition used above.18 Two different price scenarios are used in 
Cardinale and Hjelm (2012), where prices are assumed to be either the 
same for all sizes or vary between sizes such that the largest cod is 65 % 
more expensive than the smallest cod. These prices are based on 
Swedish cod prices in 2010. Initially size selective harvesting will result 
in a loss, since there are currently few large cod in the population. 
However, the authors conclude that revenues would increase in the long 
run and would be higher than under the current management plan within 
five years.  Prices in the study are unrelated to other quality attributes or 
changes in quantities. 

17 Although it could theoretically be possible that costs per unit increase when catching 
larger fish, it is not a realistic assumption since the inputs of fishermen (boats, nets, 
fuel consumption) are likely to be the same for small and large fish. 

18 The length-weight relationship is approximate and based on personal information 
given by the Swedish Institute of Marine Research 2013-04-22, Hans Nilsson. 
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Froese et al. (2008) investigate how size selective fishing in the Western 
Baltic can increase the biomass more than under the management regime 
proposed by the European Commission, which aims for the maximum 
sustainable yield. An age structure that is similar to an unfished stock 
could give the same yield as in the EU management regime. The optimal 
size of cod is then 80 cm, which would be equivalent to cod in the 
largest size category, Large, in the dataset used above.  

Considering that only 10 % of the cod catch consisted of cod that is 
larger than 2 kilos, on average, during 1997-2011 the optimal scenarios 
in the biological studies, above, are far from today’s situation. One 
challenge when using the coefficients from the RC model is that it is 
difficult to extrapolate to compositions of landings that differ from those 
observed during the time period studied. However, by experimenting 
with the quantities caught of different size attributes we can move in the 
direction of the optimal scenario. An attempt to do so is presented below, 
but the results must be interpreted with caution. 

To simplify, we assume that the total quantity does not change and that 
all cod is Class A. Then, assuming that cod weighing less than 1 kilo is 
no longer fished, perhaps because of a mesh size regulation, the revenues 
from Very Small cod will disappear. Initially, as discussed by Cardinale 
and Hjelm (2012), total revenues will decrease. But eventually the Very 
Small cod that are left will grow. Assuming that all cod caught have 
grown into the next size category the quantities of Large, Medium, and 
Small cod will increase and attribute prices will decrease. The effects of 
this experiment on revenue are shown in table 5, where the new revenue 
is also compared to the old revenue and the expected revenue without 
taking into consideration quantity effects.  
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Table 5.  
Changes in Prices and Revenues using the Parameters from the RC Model  

 p_L p_M p_S p_VS  

Price at average quantities 18.511 15.733 14.341 10.653  
 

Price change because of change 
in qVS 

0.099 0 0.081 0.292  

Price change because of change 
in qS 

-0.046 -0.065 -0.077 -0.035  

Price change because of change 
in qM 

-0.592 -0.85 -0.735 0  

Price change because of change 
in qL 

-0.757 -0.481 -0.427 -0.399  

Total price change -1.296 -1.395 -1.158 -0.142  
 

Price at new quantities 17.215 14.337 13.183 10.511 Total 
revenue 
(SEK) 

Revenue in SEK 48,413 193,211 255,243 0 496,868 
Initial revenue in  SEK 10,323 35,471 193,261 206,265 445,320 
Unadjusted revenue in SEK 52,058 212,014 277,662 0 541,734 

Note: Assuming all fish has grown into the next size category and initial prices are at 
2011 prices given by the model (see text for details). 

Using the calculated attribute prices from the RC model for 2011 as the 
initial prices, the price changes from quantity changes of different 
attributes are calculated. The new attribute prices are lower for Large, 
Medium, and Small cod. In this case, the price of Large and Medium cod 
is affected more than the price of Small cod. This is because the 
percentage quantity changes are much larger for Medium and Large cod.  
However, despite lower prices, the last column to the right shows that 
average revenues per day increase in the new situation. This is due to the 
shift away from Very Small cod that have lower prices. The last column 
also shows that total revenue is lower when using the coefficients from 
the inverse demand model than if unadjusted prices are used, as in 
Cardinale and Hjelm (2012). Using unadjusted prices results in an 
overestimation of approximately 47,000 SEK, or a 10 % increase of the 
initial revenue. 
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Several studies (Quaas et al. 2010;  Diekert 2011;  Ravn-Jonsen 2011) 
conclude that TACs and tradable quotas, measured in terms of biomass, 
will fail to solve the problem of growth overfishing; i.e., the situation 
when fish are caught at an inefficiently low age and weight class. The 
solution would be to measure the TACs and tradable quotas in terms of 
number of fish.19 An underlying assumption in studies on growth 
overfishing is that the revenues of fishers increase when larger-sized fish 
are landed. Here, we have shown that prices are higher for larger-sized 
cod than for the very smallest cod and that prices will not decrease 
substantially when the amount of larger cod increases on the market. 
Hence, there will be incentives for fishermen to aim for larger sizes of 
cod if quotas are set in numbers of fish rather than quantities. 
Furthermore, the time trend quantity changes in this study show that 
larger, better quality fish have become more valuable over time, 
suggesting that larger, higher-quality cod is part of the demand for the 
future. 

Despite the fact that increasing quantities of Swedish Baltic cod seem to 
have a downward effect on prices, these effects are small. This is not 
surprising; market integration studies (Gordon and Hannesson 
1996;  Asche, Gordon, and Hannesson 2002;  Nielsen 2005) have found 
that the European markets for fresh cod are integrated. A large quantity 
change on the Swedish market is thus only a small quantity change in a 
European context and will have a small effect on the prices of cod. For 
example, Nielsen, Smit, and Guillen (2012) estimate the own-price 
flexibility of fresh cod at -1.26 on the European market, and according to 
the same study 570,000 tons of cod were landed on average, in European 
ports from 1995-2005. Landings of cod in southern Sweden were only 
12,500 tons per year (average from 1997-2005), which corresponds to 
0.02% of the total European landings. Using the Nielsen, Smit, and 
Guillen (2012) price flexibility, an increase of Swedish landings by 
0.01% is expected to result in a 0.0126% price reduction, on average. 

19 The same effect could arise if mesh size were increased by regulation, but the cost of 
monitoring would perhaps be higher for society. 
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This can, for example, be compared to the price flexibility of 0.0118% 
for small cod estimated with the hedonic model above.  

The fact that price changes are small will have implications for local 
management, since any local measures will have small effects on prices. 
This might be advantageous from a management point of view, since 
there will be no disincentives for better management by fishers from 
falling prices. A main point of this study is to check the differences of 
price effects between different attributes, since management can affect 
the supply of attributes (i.e., the composition of the fish stock). If an 
increased supply of large cod results in a greater price reduction than a 
corresponding supply of small fish, stock management might be less 
beneficial to fishers than expected. This does not seem to be the case for 
Swedish Baltic cod. 

Conclusions 

This study uses a RC model to estimate the attribute prices and inverse 
demand of Baltic cod landed in Swedish ports in the period 1997-2011. 
A detailed dataset makes it possible to use daily observations of cod 
landings of different size and quality rating classes. The results show that 
there is a price difference of 2.79 SEK between cod weighing 0.3-1 kilos 
and 1-2 kilos. Looking at larger sizes of cod, price premiums are 
increasing less per kilo added.  The price difference between cod 
weighing 1-2 kilos and 2-4 kilo is only 0.33 SEK. The largest cod in this 
study, defined as weighing more than 4 kilos, are, 1.12 SEK more 
expensive than the 2-4 kilo cod, on average.  

Looking at the quality ratings, there is a clear indication that cod 
classified as Class B is of inferior quality. Prices are much lower than for 
the most common quality rating, Class A. However, the highest quality 
class, Class E, generates only somewhat higher prices (a price premium 
of 1.36 SEK in the RC model) than Class A cod. 

The results of inverse demand show that own-quantity effects are 
negative for all attributes, and cross-quantity effects are negative 
between size attributes indicating that size attributes are substitutes. This 
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means that when the quantity of cod with a certain attribute increases, 
attribute prices of that particular attribute decrease, as do prices of other 
size attributes. The largest own-quantity effect is for the smallest cod in 
the sample; when the quantity of small cod increases by 100 %, the price 
decreases by 0.29 SEK. The own-quantity effects of the other size 
attributes range between 0.17 and 0.18 SEK. Over time, the results 
suggest that the prices of larger cod and cod with the highest quality 
rating are increasing. 

The fact that price effects are small is not surprising considering that 
studies of market integration often find that cod is traded on an 
international market of whitefish. However, the management system 
chosen for a particular fishery will affect the size and quality 
composition of fish landed. A management system that increases the size 
and the quality of landed fish will, to some extent, face the law of 
demand; as the quantity of attributes increases, prices will decrease. This 
study has shown that the price effects of increasing quantities of 
attributes are moderate, but nevertheless too important to ignore. Thus, 
when the revenues of future management systems are modeled, the price 
effects of attributes should be considered. 
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Appendix 

Flexibilities are calculated using the inverse demand model that is 
estimated with random coefficients. The results are presented in table A1 
below. 

Table A1.  
Flexibilities of the Second-level Parameters of the RC Model 

 z_L z_M z_S z_VS z_E z_B 

qL -0.0127*** -0.0081*** -0.0071*** -0.0078*** 0.0618 -0.0117*** 

qM -0.0081*** -0.0117*** -0.0099*** -0.0008 -0.0027 -0.0123*** 

qS -0.0072*** -0.0101*** -0.0118*** -0.0064*** 0.0983 -0.0123*** 

qVS -0.0067*** -0.0007 -0.0054*** -0.0231*** 0.0125 -0.0088*** 

qE 0.0009 0.0000 0.0014 0.0002 -0.4923*** 0.0025 

qB 0.0046*** 0.0048*** 0.0047*** 0.0040*** -0.0673 0.0032 

tr 0.0132*** 0.0048*** 0.0000 -0.0053*** 0.6462*** 0.0252*** 

Note: Significant levels are: * for p<0.05, ** for p<0.01, and *** for p<0.001. 

The results from the second stage inverse demand functions of the 
Brown and Rosen model are presented in table A2. The price premiums 
of each attribute from the first-stage models are used as dependent 
variables in the regressions together with a time trend. The equations are 
estimated as a system,20 which is reasonable since error terms might be 
correlated across the equations. For example, what influences prices of 
large fish on a certain day will also influence prices of small fish on that 
day. The system is also estimated with the same homogeneity and 
symmetry restrictions used in the RC model. 

 

 

20 Using the surreg command in STATA. 
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Table A2.  
Results from the Second-stage Inverse Demand Brown and Rosen model, System 
Estimation  

 z_L z_M z_S z_VS z_E z_B 

qL -0.0659*** -0.0343** -0.0345*** -0.0303** 0.0072 0.0105 

qM -0.0343** -0.0694*** -0.0566*** 0.003 -0.0021 0.0159* 

qS -0.0345*** -0.0566*** -0.0830*** -0.0199* 0.0186** 0.0180** 

qVS -0.0303** 0.003 -0.0199* -0.1229*** -0.0016 0.0101 

qE 0.0072 -0.0021 0.0186** -0.0016 -0.0342** -0.0032 

qB 0.0105 0.0159* 0.0180** 0.0101 -0.0032 0.0038 

tr 0.3541*** 0.1553*** 0.0531*** -0.0349** 0.1432*** -0.1922*** 

Constant 13.7495*** 14.0660*** 14.4054*** 12.2432*** 0.0736 -5.2652*** 

Note: The number of regressions in the first stage of the BR model is 5,307. Significant 
levels are: * for p<0.05, ** for p<0.01, and *** for p<0.001. 

The results, when significant, are of the expected sign. Similar to the RC 
model, the own-quantity effects are negative for the prices of Large, 
Medium, Small, Very Small, and Class E fish and looking at the size 
prices, the largest effect of increasing the quantity is on the very smallest 
fish. Additionally, similar to the RC model, the own-quantity effect of 
Class E cod is smaller than the own-quantity effects of the size attributes.  

The variance and covariance components of the RC model are shown in 
table A3. All variance components are significant and all except one, of 
the covariance components are significant. The estimates show that the 
attribute price variability is greater the larger the cod and greater for cod 
in quality Class B. The variability of the size attributes is confirmed in 
figure 3.  
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Table A3.  
Variance and Covariance Component Estimates of the RC Model 

 z_L z_M z_S  z_VS z_E z_B 

z_L 12.86 9.47 8.41 7.24 -0.94 -5.96 
z_M 9.47 8.27 7.68 6.65 -0.66 -5.63 
z_S  8.41 7.68 7.43 6.52 -0.53 -5.61 
z_VS 7.24 6.65 6.52 6 -0.45 -4.86 
z_E -0.94 -0.66 -0.53 -0.45 1.63 -0.07a 
z_B -5.96 -5.63 -5.61 -4.86 -0.07a 6.74 
a indicates that the result is not significant at the 5% level. All the other results are 
significant at the 0.1 %level. 
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Chapter 3 

Time for Fishing: Bargaining Power in the 
Swedish Baltic Cod Fishery  

With Johan Blomquist and Staffan Waldo 

Accepted for publication by Marine Resource Economics on 01/12/2015 

Introduction 

Property rights, such as Individual Transferable Quotas (ITQs), have the 
potential to reduce capacity and increase profitability in the fishery 
sector (Andersen, Andersen, and Frost 2010; Arnason 2008; Gómez-
Lobo, Peña-Torres, and Barría 2011; Suitinen 1999; Waldo and Paulrud 
2013). However, the introduction of property rights and the way these 
are designed might have effects not only on fleet size and the cost 
structure of the fleet, but also on the distribution of rents between fishers 
and processors in the ex-vessel market for fish (Hackett et al. 2005; 
Matulich, Mittelhammer, and Reberte 1996; McEvoy et al. 2009). By 
studying reform-related price changes it is possible to understand how 
rent distribution is affected, and why there might be resistance to 
reforms. 

In this paper, we contribute to the literature by analyzing price formation 
in the Swedish Baltic Sea cod fishery when the management system 
changed from quarterly to annual quotas. The new management system 
introduced more flexibility for fishers since the obligation to land on a 
quarterly basis was removed. This could result in landings becoming 
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more irregular if, for example, costs are lower during certain time 
periods (Costello and Deacon 2007 and Fell 2009) or if alternative 
fishing possibilities generate higher rents during certain periods (Sheld, 
Anderson, and Uchida 2014). Processors, on the other hand, are reliant 
on regular landings, since processing capacity is fixed in the short run 
and hence capital and labor resources might be wasted with more 
irregular landings. In addition, down-stream markets (i.e. wholesalers 
and retailers) might be willing to pay more for fish that is regularly 
delivered. Thus, in the short run, processors might be negatively 
affected, and concerns about supplies for processors were accordingly 
raised in the proposal for the new management system (Swedish Board 
of Fisheries 2010a).1 

The purpose of this paper is to examine whether the new management 
system has altered the price formation process in the ex-vessel market. 
There is considerable dependency between fishers and processors on the 
Baltic Sea coast of Sweden, and both groups operate on markets with 
limited entry, which implies that there is a bargaining situation on the 
market. More specifically, as the fishers’ flexibility to allocate landings 
within the harvest season has increased, we hypothesize that the 
bargaining power of the fishers should improve. To test the hypothesis of 
increased bargaining power of fishers empirically, we use detailed price 
data from landing tickets submitted to the Swedish Agency for Marine 
and Water Management. To identify the bargaining power effect, we 
utilize the fact that the regulatory change only applied to vessels using 
active gear (i.e. bottom trawlers). Thus, the segment of passive gear (i.e. 
vessels using nets and hooks) is used as a control group, and the effects 
are operationalized as changes between the two groups.  

The method of using control groups for estimating effects of regulatory 
change in fisheries have been used in previous studies. For example, 
Wakamatsu (2014) uses a control group for assessing the impact of a 
MSC certification in Japan. More closely related to our study, Scheld, 

1 Of course, other effects than price effects are likely when introducing a new 
management system. For example, Hutniczak (2014) notes that decreasing quotas of 
Baltic cod may lead to increased catches of other species. 
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Anderson and Uchida (2012) analyse the economic effects of a catch 
share management pilot program. Vessels taking part in the program are 
matched to vessels not taking part by using a number of vessel-specific 
covariates and two vessel groups are thus formed. Landed quantities of 
the vessel groups after implementation of the reform are then compared. 
This strategy might be useful if the observed matching variables are 
successful in controlling for all differences between groups that are 
unrelated to the regulatory change. In this paper, we apply a similar 
identification strategy, but instead of using matching we employ a 
difference-in-differences (DID) methodology. The benefit of the DID 
approach is that it is able to control for unobserved time-invariant 
differences between the “treatment” and “control” groups. To the best of 
our knowledge, the quasi-experimental approach used in our study is a 
novelty in the literature on the relative bargaining power of fishers and 
processors. 

Earlier studies have analyzed price effects when introducing new 
management system in fisheries, for example Herrmann (1996), 
Herrmann (2000), Grafton, Squires, and Fox (2000), Alsaharif and 
Miller (2012) and Dupont and Grafton (2001). Although the full price 
effect of a new management system might be interesting as such, it is 
difficult to determine exactly what factors contribute to such price 
changes. For example, reform-related price changes can occur if the 
quality of fish changes, or if fish is landed in certain ports on certain 
dates when fishing costs are low. Our study investigates the effects of the 
reform on bargaining power, and focuses on the idea that the reform 
made it possible to fish at times more suitable for fishers, but perhaps 
more unsuitable for processors. By looking at this one aspect, i.e., the 
bargaining power of fishers, the effect of other reform-related price 
changes can be left out of the analysis.  

The quotas for the Baltic cod stocks (the eastern and the western) are set 
by the EU each year, but within the system member states have great 
flexibility to allocate national quotas among their vessels. The Swedish 
Baltic cod fishery is regulated by non-transferable individual quotas and 
traditionally, the fishery was regulated by weekly catch rations, i.e. each 
vessel was allocated a short-term quota lasting for one week and the 

57 
 



quota could not be saved for later periods. The aim of the system was to 
prevent the overcapitalized fishery from landing the entire quota at the 
beginning of the year. To protect the small scale fishery the Swedish 
quota has further been divided into one part for the small scale fishery 
(passive gear) and one part for vessels using active gear since 2007. The 
weekly catch rations were abandoned on 5 April 2010. From this date, 
vessels using passive gear have been able to operate without catch 
restrictions (FIFS, 2010). For vessels using active gear, however, the 
weekly catch rations were replaced by quarterly catch rations. About a 
year later, 1 April 2011, yearly quotas were introduced for vessels using 
active gear (FIFS, 2011). 

Data  

The database used in this study is provided by the Swedish Agency for 
Marine and Water Management, and includes information about prices, 
landed quantities, size classes and quality classes.  All fish receivers in 
Sweden are compelled to send this information to the Swedish Agency 
for Marine and Water Management. The dataset used in this study 
includes cod that was commercially traded in Swedish Baltic harbors 
between 1 April 2010 and 31 December 2011, i.e. the period after the 
latest regulatory change that affected both vessel types (active and 
passive). Some summary statistics from the database are presented in 
Table 1.  

Table 1. 
Summary Statistics 

Segment No. 
Landings  

No. 
vessels 

Quantity 
(tons) 

Av. price 
(SEK) 

Important ports 

Passive 32 416 197 3 542 13.8 Skillinge, Nogersund, 
Simrishamn 

Active  9 799 49 12 297 13.3 Simrishamn, 
Karlskrona-Saltö 

Total 42 215 2441 15 838 13.4  
Source: the Swedish Agency for Marine and Water Management. 
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Table 2.  
Average Prices of Cod 

Size Classes Class A Class B Class E 

>7 kilos 17.1 13.8 20.1 

4-7 kilos 16.0 12.4 19.4 

2-4 kilos 15.5 10.4 18.4 

1-2 kilos 15.3 9.9 16.6 

0.3-1 kilos 11.9 7.8 12.5 

Source: the Swedish Agency for Marine and Water Management. 

Most of the landed quantity (86 percent) is Class A and categorized in 
one of the smaller size classes, i.e. between 0.3 and 2 kilos. The price 
discount when cod is classified as Class B is substantial, although only a 
small proportion of the landings is classified in this category (0.2 percent 
of the landed quantity). On the other hand, the price premium of landings 
of cod in Class E is not that large, especially not for the smallest size 
category. Around 9 percent of the landings are in Class E. 

The data show that there are differences between segments, and that 
different qualities and sizes of cod have different prices. The latter is 
consistent with recent studies using hedonic price models to estimate the 
price premium of size and quality (e.g. Lee 2014; Hammarlund 2015). 
Thus, it is important to take these differences into account when 
estimating bargaining power. This issue will be further discussed below. 

Imperfect Market Competition 

There are good reasons to expect most regulated fisheries and ex-vessel 
markets to be imperfectly competitive. Fishers are restricted by limited 
entry programs, TAC restrictions, season length restrictions and 
technical regulations on equipment, and ex-vessel markets are often 
restricted by inaccessibility because of geographical remoteness and 
entry costs of the processing industry. These characteristics of the 
primary fish market are also relevant for the Swedish cod fishery and are 
discussed below. 
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Two regulations are especially important in limiting entry into the 
fishery. First, all vessels above 8 meters engaged in the Swedish Baltic 
Sea cod fishery need a special permit. In 2012 permits were given to 249 
vessels (Swedish Agency for Marine and Water Management 2012). 
Second, because of overcapacity problems the fishery was closed to new 
entrants between 2008 and 2011 (it was not until 2011 that small scale 
fishers could seek new permits, (FIFS 2011)).2 This ban on entry is 
perhaps the most important regulation limiting competition among 
fishers.  

Rules and regulations can incur fixed costs of entering the processing 
sector. For example, strict hygienic requirements make it difficult for 
fishers to sell their catch directly to consumers without making costly 
investments (Swedish Board of Fisheries 2010b). Looking at the data, 
there is clear evidence that the processing industry is characterized by an 
oligopsonistic structure. The majority of the landed volume is bought by 
a handful of large agents, indicating that the Swedish cod processing 
sector has economies of scale. To convey an idea of the concentration of 
the cod processing industry analyzed in this paper, Table 3 displays the 
volume and percentage of cod sold to the five largest buyers in the ex-
vessel market in 2010-2011 (there was a total of 55 buyers in the 
market).3  
  

2 Although new vessels were allowed to enter in 2011 the number of passive vessels 
continued to decrease after the reform (from 181 before the reform to 173 after the 
reform). Thus, the relaxed entry regulation did not seem to affect competition among 
vessels.  

3 Buyers are assumed to be processors or deliver to processors. We make no particular 
distinction between them. 
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Table 3.  
Concentration of the Cod Processing Industry 2010-2011 

Processor Volume 
(tons) 

Percent of total 
harvest 

Cum. percent of total 
harvest 

    
1 5006 25.3 25.3 
2 4084 20.6 45.9 
3 2351 11.9 57.7 
4 2193 11.1 68.8 
5 2127 10.7 79.5 

Source: Authors calculations based on data from the Swedish Agency for Marine and 
Water Management. 

Note: Total volume (in tons) live weight and percentage of total harvest sold to the five 
largest buyers (from 1 April 2010 to 31 December 2011). Cum. is shorthand for 
Cumulative.  

As evident from the table, the majority of cod landed is sold to five large 
buyers that purchased almost 80% of the total landings. In the extreme 
case when fishers can only deliver to a single processing firm, we would 
expect the processor to offer a low ex-vessel price close to fishers’ 
average cost and thereby extract all the rents generated in the fishery. In 
fact, the data used in this study shows that it is not unusual for one buyer 
to dominate the purchases in many of the smaller ports. 

It is also evident from the data that fishers are highly dependent on 
specific ports and buyers. From 1 April 2010 until 31 December 2011 
244 vessels landed cod in 58 Swedish Baltic harbors. Table 4 presents 
some statistics that show this dependency.  
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Table 4.  
Fisher Dependency on Buyers and Ports 

Number 
of buyers 
(x) 

Share of vessels that sold their 
landings to x number of 
buyers (%) 

Number 
of ports 
(y) 

Share of vessels that 
visited y  ports over the 
time period (%) 

     

1 65  1 61.50 

2 20  2 25.40 

3 12  3 9.40 

4 2  4 2.90 

5 0  5 0.40 

6 1  6 0.00 

   7 0.40 

Source: Authors calculations based on data from the Swedish Agency for Marine and 
Water Management. 

Most vessels limited their landings to one particular buyer (65 percent) 
and one particular port (62 percent), indicating that there is a strong 
dependency between sellers and buyers. Only 20 percent of the vessels 
turned to 2 different buyers during the time period and 12 percent of the 
vessels turned to 3 different buyers. Turning to more than three different 
buyers is unusual; only 3 percent of the vessels turned to more than three 
buyers during the time period. The same pattern is revealed looking at 
the number of ports visited by the vessels: 25 percent of the vessels 
visited two ports, 9 percent visited three ports and only 3.7 percent of the 
vessels visited more than three ports during the time period.  

As processors are highly dependent on a continuous supply of raw fish to 
make efficient use of their processing capacity and fulfill their 
commitments in the downstream market, they would like to prevent 
irregular landings. Irregular landings and seasonal closures force 
processors to import cod from abroad in order to guarantee a stable 
delivery of processed fish to food markets and other retailers (Swedish 
Board of Fisheries 2010b; County Administrative Board of Skåne 2005). 
The weekly catch rations were intended to mitigate this problem. In the 
new management system with annual individual quotas, fishers can 
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fishers with active gear to push for a new management system, or the 
other way around.  

Another key assumption of the DID methodology is the so-called 
“common trend” assumption, which posits that the price for the two 
groups would follow the same time trend in the absence of the new 
management system. If this assumption is violated, the DID leads to 
biased estimates of the bargaining power effect, and it is therefore 
important to assess its plausibility. One way to do so is to compare 
trends before the regulatory change (see e.g. Angrist and Krueger 1999). 
In our case, if price trends are not similar, it suggests that passive gear 
vessels may not serve as a credible control group. Figure 1 plots the 
weekly average cod price for the two groups of vessels. The dashed line 
signifies the introduction of the new management system. As can be seen 
from the figure, the two price series follow each other closely and there 
is no evidence of divergent price trends before (or after) the regulatory 
change. This provides some confidence that the group of passive vessels 
is indeed an appropriate control group.4 

 

4 It should be noted, however, that Figure 1 does not directly test the common trend 
assumption; by construction it is untestable. 
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Figure 1:  
Weekly Average Prices 

We note that instead of analyzing price differences as in (5), it is 
common in the literature to model the price level directly using a 
multiple regression framework (see e.g. Imbens and Wooldridge 2009). 
In this case, observed factors such as the size and quality of the fish, as 
well as time and landing port dummies, are included in the regression as 
control variables. The benefit of the latter approach is that all 
observations are used, as opposed to the difference operation in (2), 
which implies more precise estimates. In contrast, in the approach taken 
in (2) to (5), only landings of fish of the same size, with the same quality 
rating, landed in the same ports, and on the same day are used in the 
analysis. On the other hand, this may also be seen as an advantage since 
the difference approach does not rely on potentially imprecise estimates 
of time and landing port coefficients. Although the choice is not obvious 
we favor the model laid out in (2) to (5) for its simplicity and its reliance 
on comparable price observations. For comparison purposes we show the 
results from a multiple regression approach in Appendix 1. 
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Figure 2. 
Kernel Density Estimates 

Figure 2 shows that the remaining price differences are slightly larger 
post-reform, which confirms the results of the regression. The post-
reform density curve is to the right of the pre-reform density curve, 
indicating price differences are larger post-reform.6 The pre-reform 
estimates are closer to zero, and most observations show no differences 
between vessels using passive gear and vessels using active gear when 
other factors (size, quality, landing-day and port) are controlled for in the 
analysis. The figure also shows that there are no extreme observations 
driving the results. 

6 The hypothesis that price differences are equal before and after the reform is tested 
using the Kolmogorov-Smirnov test. The hypothesis is rejected at the 1 percent level.  
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Chapter 5 

A Trip to Reach the Target? – The Labor Supply 
of Swedish Baltic Cod Fishermen1 

Introduction 

Revenues from fishing are uncertain and vary on different trips, and even 
at different times on the same trip. Also, working hours for fishermen are 
irregular since a fishing trip can take many hours and often last for 
several days. Furthermore, the decision-making process can be 
characterized as relatively short-term since many decisions on board a 
vessel have to be made continuously through the trip, i.e. choice of 
fishing place, time of setting of trawls and decisions on how many hauls 
to make. This makes the fishing trip an ideal setting for investigating the 
idea of revenue targeting, i.e. investigating whether fishermen are aiming 
for specific short-term revenues rather than maximizing expected utility 
over a longer time period. The issue of revenue targeting in fisheries has 
been investigated previously, with the evidence being mainly in support 
of revenue target behavior (Giné, Martínez-Bravo, and Vidal-Fernández 
2010;  Eggert and Kahui 2012;  Nguyen and Leung 2013;  Ran, Keithly, 
and Yue 2014), but there is also recent evidence that fishermen substitute 
labor for leisure intertemporally (Stafford 2015).  

Traditional labor market theory suggests that the amount of labor 
supplied in the long run is determined by substitution and income 

1 I would like to thank Kaveh Majlesi for comments on an earlier version of this paper. 
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