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1. Introduction 
Frank Jensen1,2 

Ragnar Arnason3 

Trond Bjørndal4 

1. Background 
On 24 October 2019, the Nordic Research Councils in the Humanities and Social Sciences (NOS-HS) granted 
funding for a project on strong user rights in fisheries (SURFs). The leader of this project was the University 
of Iceland represented by Professor Ragnar Arnason and Associate Professor Birgir Th. Runolfsson. Other 
participants were Professor Trond Bjørndal, SNF Centre for Applied Research at NHH, Associate Professor 
Zvonimir Mrdalo, University of Faroe Islands, Professor Marko Lindroos, University of Helsinki, Associate 
Professor Håkan Eggert, University of Gothenburg, and Associate Professor Frank Jensen, University of 
Copenhagen.  

In fulfilment of the grant agreement, a series of workshops were organised in Copenhagen, Gothenburg and 
Husafell (Iceland) during the period June 2021-August 2022. At these workshops, recent research on SURFs 
was presented and discussed. Based on the workshops, nine papers on various aspects of SURFs were 
published in a special issue of Marine Policy (see Arnason et al., 2024, Arnason and Runolfsson, 2023a, 2023b, 
Runolfsson, 2023, Bjørndal et al., 2024, Mrdalo, 2023, Nielsen et al., 2023, Dutto et al., 2023, and Jensen, 
2023). 

At the end of the project in late 2022, NOS-HS agreed to appropriation of the remaining funds to organise an 
international scientific conference on SURFs. Additional funding for the conference was provided by SNF 
Centre for Applied Research at NHH and The SNF Fund for Applied Research. This conference, entitled 
Advantages and disadvantages of strong user rights in fisheries, took place at the University of Copenhagen 
on 16-18 October 2023. At the conference, seven keynote speakers addressed various important issues 
related to SURFs and several additional scientific papers were presented at plenary sessions. This publication 
contains a selection of papers written based on presentations held at the conference. All papers have been 
subject to a blind peer review process. 

2. User rights in fisheries 
A property right can be defined as a right to a physical or non-physical phenomenon (see e.g. Alchian, 1965, 
and Demsetz, 1967). According to Eggertsson (1990), property rights can be both private and public and an 
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example of a private property right in fisheries is individual transferable quotas (ITQs). For natural resources, 
user rights refer to property rights held by exploiters of resources (see e.g. Arnason and Runolfsson, 2023a 
and 2023b). Thus, user rights constitute a subset of property rights. One advantage of user rights in fisheries 
is that efficiency problems associated with principal-agent relations are reduced (see e.g. Jensen and 
Meckling, 1976). More specifically, by introducing user rights, it is possible to minimise the inefficiency that 
arises when one actor (the agent) acts on behalf of another actor (the principal) and the actors hold different 
interests.  

For markets to function effectively, well-defined private property rights are required (see e.g. Barzel, 1997, 
and Libecap, 1989). In fisheries, lack of private property rights (open access) implies that utilisation of the 
stock of the resource differs from what is socially efficient (see e.g. Dasgupta and Heal, 1979, and Hanley et 
al., 1997). More specifically, it is well-known that valuable fish stocks are overexploited under open access 
(see e.g. World Bank, 2017, and Costello et al., 2010). Numerous attempts around the world to solve this 
problem by command-and-control regulation of fisheries have performed miserably (see e.g. Munro, 1982, 
Bjørndal and Munro, 2012, and Wilen, 2006). Other fisheries management regimes based on weak user rights 
(WURFs), such as licences, have not generated better results (see e.g. Arnason 2007a). On the other hand, 
well-defined, sufficiently strong private property rights, such as ITQs, have been successful in increasing the 
net benefit in fisheries (see e.g. Costello et al., 2010, and Arnason, 2013).  

Since a very large number of actual fisheries management regimes exists, it is useful to describe these by the 
strength of user rights. An extreme example of WURFs is the open access regime, while well-designed ITQ 
systems provide an example of SURFs. Following Scott (1996, 2008), four characteristics are especially 
important for the strength of user rights in fisheries: (i) security; (ii) exclusivity; (iii) durability; and (iv) 
transferability. Security can be understood as the probability that an owner can retain a user right, while 
exclusivity refers to the ability to manage a user right without outside interference. The time span covered 
by a user right is captured by durability, and transferability refers to the ability to transfer a user right to 
others. Open access generates a low value of these characteristics, while many ITQ systems around the world 
entail high values of several or all of these characteristics. 

Based on these four (or more) characteristics, Arnason (2000, 2007b) developed a one-dimensional measure 
for the strength (or quality) of user rights, the so-called Q-value. It is assumed that each of the four 
characteristics is measured on a scale from 0 to 1, where 0 captures the lowest possible value and 1 is the 
highest possible value. SURFs will obtain a high score of the Q-value, while WURFs generate a low score. The 
Q-value can potentially be used to measure the strength of user rights for actual fisheries all around the 
world.  

It is obvious that a significant shift from one user right regime to another may generate numerous effects, 
which can be broadly classified as: (i) economic impacts, (ii) environmental impacts and (iii) social impacts. 
Moreover, many of these effects evolve over a long period of time and can be both positive and negative. 
Thus, a cost-benefit analysis (CBA) should be used to identify the net benefits of a significant change in a user 
right regime. Unfortunately, due to the multitude and protracted nature of the effect, undertaking a 
reasonably complete CBA would normally involve a huge amount of work. In practice, it is therefore useful 
to perform an overall qualitative or quantitative assessment of the economic, environmental and social 
impacts. This approach is adopted in Arnason and Runolfsson (2023, 2023b) and Jensen (2023), and these 
studies indicate that all impacts should be included when making policy recommendations about a significant 
change in a user right regime.  
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3. The papers 
This publication contains seven papers based on presentations held at the conference in Copenhagen entitled 
Advantages and disadvantages of strong user rights in fisheries. In this section, we will briefly summarise 
how each paper contributes to a discussion regarding introducing SURFs in fisheries.  

3.1. Strong user rights in fisheries: Some considerations  

Ragnar Arnason, Faculty of Economics, University of Iceland 

This paper describes the economic, environmental and social impacts of a shift from WURFs to SURFs. It is 
argued that the economic impacts of shifting from WURFs to SURFs are mainly positive and typically include 
effects such as increased profitability from fisheries, increased operational stability in the fishing industry, 
increased market value of user rights and higher quality of landings. The environmental impacts of shifting 
to SURFs are also mainly positive with larger commercial fish stocks, reduced fishing efforts and increased 
incentives to preserve (and improve) the health of aquatic ecosystems as examples. On the other hand, many 
social impacts of a shift from WURFs to SURFs can be negative, including alterations in the structure of the 
fishing companies, a geographical rearrangement of the fishing industry and altered distribution of income 
and power. Thus, depending on the size of the various impacts, the net benefits of shifting from WURFs to 
SURFs can be both positive and negative.  

3.2. Pathways between user rights and economic efficiency in fisheries and salmon-
farming in the Faroe Islands  

Mrdalo Zvonimir, Faculty of History and Social Science, University of Faroe Islands  

In this paper, the relationship between the strength of user rights and economic efficiency is investigated for 
salmon farming and fisheries in the Faroe Islands. As discussed in section 2, the strength of user rights is 
measured by exclusivity, security, durability and transferability. In salmon farming, strong exclusivity 
combined with strict environmental regulations have contributed to a high economic efficiency in the 
industry. Similarly, the introduction of SURFs (ITQs) has increased the economic efficiency of the pelagic and 
distant water fishing fleets, while a recent special tax imposed on these fleets has had the opposite effect. 
On the other hand, since 1996, the coastal fishing fleets has been regulated with WURFs (more precisely, 
individual transferable effort quotas), which has led to poor economic efficiency. Thus, this paper provides 
empirical evidence of a positive relationship between the strength of user rights and economic efficiency for 
both salmon farming and the fisheries in the Faroe Islands.  

3.3. Fishery performance indicators (FPIs) to access the strength and evolution of 
user rights in quota-managed fisheries 

Michael De Alessi, School of Aquatic and Fisheries Science, University of Washington, and Chris Anderson, 
School of Aquatic and Fisheries Science, University of Washington  

In this paper, Fishery Performance Indicators (FPIs) are used to describe the change in the strength of user 
rights in actual fisheries over time. As recommended in section 2, exclusivity, security, durability and 
transferability are included in the measure for the strength of user rights, but flexibility is added as a fifth 
characteristic. Harvest rights are used as an approximation for user rights, and the strength of user rights is 
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measured using FPIs for 19 quota managed fisheries in Iceland, New Zealand, Peru, Australia and the United 
States. Historically, FPIs are reconstructed five years before and after the introduction of SURFs, and FPIs are 
also identified for the current time period. For all 19 fisheries, the five characteristics increase over time. The 
increase in transferability is small, while the change in flexibility and exclusivity is reasonably high and the 
increase in security and durability is very high. Using Iceland as empirical case, a preliminary analysis of the 
relationship between the strength of user rights and economic performance is conducted. For the pelagic 
and large-scale demersal fishing fleets in Iceland, it is shown that economic performance improves as the 
strength of user rights increases.  

3.4. Evolution of user rights in the Icelandic fisheries: From WURFs to SURFs  

Birgir Th. Runolfsson, Faculty of Economics, University of Iceland  

This paper considers the development of the strength of user rights for fisheries in Iceland over time. As 
recommended in section 2, the Q-value is used for this purpose and exclusivity, security, durability and 
transferability are included in the definition of this value. Based on a detailed description of the development 
of fisheries management in Iceland, a qualitative assessment of the development of the Q-value over time is 
undertaken. Following the introduction of ITQs in 1984, the Q-value increased, and due to a large increase in 
exclusivity and transferability, it jumped upwards in 1991. Until 2007-2008, the Q-value gradually increased 
primarily due to an increase in the durability of the ITQs. However, more recently (in 2009-2020), the Q-value 
has fluctuated due to a development in exclusivity and transferability as a result of adjustments of the system 
with ITQs. The author also finds a high positive correlation between the Q-value and the economic efficiency 
measured by the market value of ITQs.  

3.5. User rights for ocean ecosystem conservation  

Gary D. Libecap, Bren School of Environmental Science and Management, University of California, Santa 
Barbara 

In this paper, it is argued that marine protected areas (MPAs) are greatly inferior to SURFs. Often, MPAs are 
promoted as a way to conserve aquatic ecosystems, including commercial fish stocks, but MPAs do not solve 
the problem with common property of marine areas. As a result, MPAs do not secure efficiency when using 
marine resources in the sense that the size of the protected area is fixed where marginal social benefits of 
conservation (the marginal conservation gains) are lower than the marginal social costs (the marginal 
conservation costs). A related weakness is that MPAs do not deliver direct monetary compensation to active 
users of fisheries resources for lost access, reduced harvest and higher search cost. Thus, MPAs are not 
supported by the users of marine resources, which may lead to problems with non-compliance. Thereby, 
MPAs may also lack long-term political support which is critical for successful conservation. On the other 
hand, SURFs can solve the problem with common property in the sense that the marginal social benefits of 
conservation are equal to the marginal social costs. Furthermore, SURFs generate direct monetary 
compensation to users of marine resources, implying less problems with non-compliance and, thereby, long-
term political support. Thus, a policymaker should implement SURFs instead of MPAs if the purpose is to 
manage the use of marine resources and promote ecosystem conservation.  
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3.6. User rights in international fisheries: From UNCLOS to the High Seas Treaty 

Gordon Munro, Vancouver School of Economics, University of British Columbia 

In this paper, conditions that work in favour of and against introducing SURFs in internationally shared 
fisheries are considered. For this purpose, game theory, which can be applied to investigate strategic 
interaction between fishing nations (players), is used. For internationally shared fisheries, it is important to 
distinguish between transboundary and highly migratory (straddling) fish stocks. Transboundary fish stocks 
appear within the exclusive economic zones (EEZs) of several fishing nations, while straddling fish stocks 
migrate into high sea areas outside the EEZs of relevant fishing nations. For transboundary fish stocks, SURFs 
can be implemented within the EEZ of each fishing nations but changes in the migration pattern may cause 
problems. For straddling fish stocks three additional issues cause problems for SURFs: (i) The number of 
fishing nations can be high; (ii) Entry of new fishing nations can cause problems for existing agreements; and 
(iii)Fishing nations may choose to free ride on implementation of SURFs by the other nations. Thus, it can be 
difficult to agree on SURFs for fishing nations exploiting straddling fish stocks.  

Paper 7: Ex-Vessel Prices May Not Always Rise After Fishery Rationalisation 

Lisa Pfeiffer, Northwest Fisheries Science Centre, NOAA Fisheries and Alan C. Haynie, International Council 
for Exploitation of the Sea  

It is commonly argued that shifting from WURFs (open access) to SURFs (some form of catch share 
management) leads to an increase in ex-vessel prices. Specifically, several studies have indicated that the 
introduction of SURFs may lead to the development of markets for fresh fish, better handling practices and 
other quality improvements, which tend to increase the average prices. Using the Bering Sea and Aleutian 
Islands’ longline Pacific cod fishery as an empirical case, it is shown that this result does not always hold. 
Specifically, the characteristics of actual fisheries and markets determine the effect on the price of 
introducing SURFs. For the empirical case, almost all cod is exported in frozen form to well-established 
markets, so the ability to change the form of the product and its quality is limited. Therefore, the increase in 
profits realised by introducing SURFs is obtained by increasing production efficiency leading to lower ex-
vessel prices. 
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2. Strong user rights in fisheries: Some considerations5 
Ragnar Arnason6 

 

1. Introduction 
Many valuable things which, following conventional terminology, we may as well call resources are common 
property (shared) in the sense that anyone belonging to a specified group can use them. This applies both to 
man-made resources such as public parks, roads and other infrastructure and natural resources such as 
wildlife, fish stocks, woodlands, water resources and the atmosphere.  

It is well known and easy to show that uncoordinated utilization of resources that are common property in 
the above sense will usually be economically inefficient (Dasgupta and Heal 1979, Hanley et al. 1997 and 
appendix A of this paper). The fundamental reason is that the use of a common resource by one agent will 
typically affect the volume available to other agents without the corresponding compensation. Apparently 
following Alfred Marshall’s discussion in the 1890 (Boudreaux and Miners 2019), this has traditionally been 

 

 
5 This paper is based on a presentation given at the conference on advantages and disadvantages of strong user rights 
in fisheries at the University of Copenhagen, October 16-18, 2023. 
6 Faculty of Economics, University of Iceland, Sæmundargata 2, 102 Reykjavik, Iceland. E-mail: ragnara@hi.is  

Abstract 
It is well established that appropriately defined, strong property rights in resources are conducive to 
economic efficiency in the use of these resources. Moreover, the social institution of property rights 
appears to be generally more efficient in this respect than Pigovian corrective taxation. The problem is 
that installing property rights in a previously common property fishery represents a radical alteration in 
production relations and consequently social structures. As a result, such a step often meets with social 
opposition. This paper argues that assigning new property rights in fisheries to existing users has a 
number of economic advantages as well as being socially more acceptable than the alternative. One 
important advantage is that current users generally benefit from the change. Also, since these users 
usually belong to fishing communities, the other members of these communities will also tend to benefit 
or be less adversely affected than would otherwise be the case. Nevertheless, a transition from a common 
property fishery to one based on strong user rights (SURFS) will generally not represent a Pareto 
improvement. In addition, the transition to SURFs generally entails transition costs which, in some cases, 
may be significant compared to the benefits. This suggests that although assigning new strong property 
rights to existing users is likely to increase aggregate benefits in many fisheries, this does not necessarily 
hold for all fisheries. Therefore, to determine whether a transition to SURFs is socially beneficial in 
particular cases, requires empirical investigation.  

Keywords: Fisheries management; strong user rights in fisheries; transitioning to strong user rights; 
developing world fisheries 
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referred as external effects or externalities. It is useful to note that if the externality is negative, i.e., a 
valuable resource stock is reduced by use, total use will be excessive relative to the optimal. If, on the other 
hand the externality is positive, i.e., a valuable resource stock is increased by use (presumably a much rarer 
situation), total use will be too little relative to the optimal  

A more modern perspective on the problem of shared resources is to regard it as a case of inadequate 
property rights and, therefore, lack of price and market guidance. A common property or shared resource is, 
by definition, not subject to individual property rights. It follows that the resource cannot be traded, at least 
not in the usual way. Therefore, it does not have a market price. Consequently, there can be no market 
guidance toward the collectively optimal use of the resource. This situation is sometimes referred to as one 
of missing markets (Dasgupta and Heal 1979). If, on the other hand, a resource is subject to individual 
property rights, trades will become possible and the resulting market prices will, under fairly nonrestrictive 
assumptions, guide utilization toward the collectively optimal use of the resource in the usual way (Debreu 
1959, see also appendix B of this paper).  

Thus, in a very fundamental sense, the problem of suboptimal use of resources is caused by the absence of 
private property rights. This suggests that one way to bring about collectively optimal use of resources is to 
subject them to sufficiently strong property rights. The problem is that the establishment of private property 
rights in a previously common property resource frequently has far-reaching social implications. Therefore, 
such a step, although clearly increasing economic efficiency and aggregate income, often meets with social 
opposition. It appears that the ways in which the new rights are defined and assigned to individuals can 
alleviate this opposition.  

This paper is concerned with the establishment of individual property rights in a previously common property 
fishery. More specifically, it considers a particular way of assigning these new property rights, namely to 
existing users. While not necessarily the most efficient way, in many cultures this approach appears socially 
more acceptable than assigning these rights to agents outside the fishery.  

The rest of this paper is organized as follows: In the next section, section 2, the economic advantages of 
employing the social institution of property rights to attain efficiency in resource use is explained. In section 
3, advantages of assigning new property rights in fisheries to existing users is outlined. In section 4, the costs 
and benefits of a transition from a previous arrangement to user rights are considered. Finally, the main 
findings of the paper are summarized in section 5.  

2. Advantages of property rights 
Economic science has so far come up with two general approaches to deal with the economic inefficiency 
resulting from the utilization of shared (or common property) resources. Both approaches attempt to provide 
the necessary guidance to resource users by installing the appropriate price for resource use. One approach 
is the imposition of an artificial price by the so-called Pigovian corrective taxation (Pigou 1912, Baumol 1972). 
The other approach consists of establishing the appropriate individual property rights and relying on the 
resulting market trades to provide the appropriate resource use price (Demsetz 1967, Alchian 1989, Scott 
2008).  

Historically, Pigovian corrective taxation was the initial proposal to deal with what was seen as external 
effects in economics. First proposed by Pigou in 1912, it dominated the literature until the 1960s. However, 
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following Ronald Coase’s influential paper in 1960, it gradually dawned upon the economics profession that 
with the appropriate property rights in place the problem of externalities would largely take care of itself.  

The Pigovian corrective taxation is conceptually straight-forward. Since the problem is that users 
underestimate the full (social) costs or, in the case of positive externalities, benefits of their use, they can be 
induced to do the right thing by imposing the appropriate tax or, in the case of positive externalities, subsidy 
on their use. Formally this tax (or subsidy) can be expressed as: 

(1) ( ) ( )i iτ λ σ= − , all i, 

where λ is the collective (or social) shadow value of the resource and σ(i) individual i’s personal shadow 
valuation of the resource.  

While conceptually simple, the application of Pigovian corrective taxation is difficult in practice. As is 
conveyed by expression (1), not only has the Pigovian taxation authority to estimate the shadow value of the 
resource, which requires knowledge of all individual benefits functions as well as the resource state and its 
dynamics, it also has to work out each individual’s personal shadow value of the resource. Moreover, since 
these are in general different for different users, the appropriate Pigovian corrective tax varies across users. 
This, of course, is socially and legally problematic.  

A further problem with Pigovian corrective taxation is that, since it necessarily involves a centralized 
authority, it is likely to give rise to rent seeking activity which is economically wasteful (Tollison 1982). There 
may be rent seeking by outsiders of the central authority trying to benefit from the determination of the 
tax/subsidy or the subsequent allocation of the taxation revenues. There may also be rent seeking by insiders 
of the central authority who may for instance attempt to minimize outlays on Pigovian subsidies and 
maximize tax revenues as well as using the tax revenues collected according to their own objectives.  

The establishment of sufficiently strong individual property rights first of all eliminates the greatest source 
of inefficiency of common property resource use, namely the external effects different users of the resource 
impose on each other. Secondly, the property rights give rise to a market and therefore market prices for the 
rights. These prices reflect the collective shadow value of the resource, λ in equation (1) above, and serve as 
a guidance to individual users as to the optimal level of their operations and whether to enter or exit the 
industry. In this way the establishment of sufficiently strong property rights remedies the problem of missing 
markets and brings the resource use to its most efficient level in the usual way (see e.g. Debreu 1959). 

Property rights also avoid many of the practical problems with Pigovian taxation. First, since as explained 
above, the institution of property rights will automatically generate the appropriate resource price, there is 
no need for the central authority to try to estimate it. Second, since, property rights constitute a 
decentralized arrangement, they are not subject to rent seeking. Third, the market price of the rights will 
convey potentially useful information for setting collective measures for resource utilization including, in 
fisheries, total allowable catches and fishing gear restrictions (Arnason 1990). Fourth, while Pigovian taxation 
provides the taxing entity, presumably the government, with the ability to set the resource use price at will, 
property rights set the resource use price in a decentralized manner. Thus, compared to Pigovian taxation, 
under property rights resource market power will usually be very small. 

Despite these advantages, property rights are not a panacea. The problem is not that property rights do not 
work. It is rather that there are often technical limits to society’s ability to establish sufficiently strong 
property rights. For many resources, the existing property rights technology is simply not advanced enough 
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to allow the establishment of sufficiently strong property rights. The problem is usually not to define the 
appropriate property rights but to implement and enforce them. For instance, in fisheries the key natural 
resources are the fish and the ecosystems in which they reside. Both are imperfectly observable, subject to 
natural fluctuations and uncertainty and geographically transitory often across national boundaries. How to 
implement and enforce sufficiently strong property rights under these circumstances is challenging to say 
the least.  

Therefore, in a good many (perhaps most) cases of natural resource utilization, only imperfect property rights 
are available. The consolation is that over human history there has been a continual advance in property 
rights technology. This holds especially when it is apparent to agents that they can obtain valuable assets or 
increase the value of those they already hold, if only the necessary property rights can be developed or 
enhanced.  

3. Advantages of user rights 
By the term user rights in fisheries we mean fishing rights held by fishers. i.e. the users of the fish resources.7 
Thus, user rights do not refer to the content (or quality) of the rights but only who holds the rights. User 
rights thus constitute a subset of the wider concept of property rights which may be held by anyone. By 
strong user rights in fisheries (abbreviated SURFs) we mean high quality property rights8 held by users.  

As is so often the case with classifications, the demarcation between user and non-user rights is somewhat 
unclear. With regard to this, it may help to consider extreme cases. Thus, fishing rights held by a someone 
actually conducting fishing are clearly user rights. On the other hand, fishing rights held by someone, e.g. an 
individual, company or even the state, that is not involved in fishing but may lend or lease his fishing rights 
to an actual fishing entity are clearly not user rights. Between these two extremes, however, there are other 
several possible arrangements. A common one is that of a fishing company holding the fishing rights but 
hiring fishers to conduct the fishing.  

For these reasons, it may be that the most useful way to regard user rights fisheries is as a continuum from 
clearly non-user rights to clear user rights. In what follows, the term user rights will denote clear user rights. 
Moreover, it will be assumed that the user rights in question are strong in the sense of being high quality 
property rights.  

Compared to non-user rights in fisheries, there are certain important economic advantages of user rights. 
One important advantage is that they avoid the principal-agent problem which arises when someone (the 
agent) acts on behalf of someone else (the principal) and their respective interests do not perfectly match 
(Jensen and Meckling 1976). In fisheries, if the actual fisher is the agent acting on behalf on the rights holder, 
the principal, it should be clear that the fisher’s interests, for instance with regard to resource conservation, 
will be different than those of the rights holder.  

 

 
7 The term user rights seems to have been invented by the FAO as a socio-politically more palatable than the more 
traditional term property rights held by users.  
8 High quality or strong property rights are simply property rights that score highly along the key dimensions of property 
rights (see Arnason and Runolfsson 2023).  
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Another advantage of user rights in fisheries is that they shorten the lines of communication regarding the 
use of the resource. Thus, if there are altered conditions on the fishing grounds, (or, for that matter, a change 
in the price of fish) the optimal level of fishing is altered. If the actual fisher is also the rights holder, he will 
be able to adjust his operations right away. If he is merely an agent for the rights holder, he will have to wait 
for instructions from his principal.  

Of course, there may be economic benefits associated with the rights holder being different from the actual 
fishers. Among such benefits are those from finer division of labor and returns to scale. Depending on the 
empirical particulars, these other benefits may or may not exceed the costs of the principal-agent problem 
and longer lines of communication.  

From wondering about the absolute advantages of user rights compared to the same rights held by non-
users, let us consider the situation when a set of new strong rights has been designed and the question is 
whether to assign them specifically to current users of the fish resources or not.  

In this situation there appear to be significant advantages of assigning the fishing rights to users:  

First, assigning initial rights as user rights is close to being a Pareto improvement. That is, the current fishers 
receive the rights so their opportunity set is clearly increased while, at least ceteris paribus, few others, if 
any, are harmed. This would not be the case if the initial rights were not assigned to users.  

Second, the practice of assigning new and stronger rights to users, will obviously encourage the discovery 
and development of new resources and resource use.  

Third, if current users are the most efficient operators in the fishery (which a priori appears most likely), 
assigning the rights to them will minimize temporary inefficiency and subsequent transaction costs as the 
rights are transferred to more efficient users. Of course, if the current fishers are not the most efficient, this 
argument does not hold. A priori, however, it seems most likely that the current users are the most efficient. 
Thus, in the absence of evidence to the contrary, it appears that the maximum likelihood procedure is to 
allocate the new rights to current users of the resource. It may be noted that even when the current users 
are not the most efficient, assigning the rights to them would still represent a Pareto improvement. In any 
case, the rights, if transferable, will gravitate to the most efficient users (assuming other prices are correct).  

Fourth, it may well be the case that assigning new strong fishing rights to current users of the fish resources 
is socially more acceptable than any other assignment of the same rights. This is because this increases their 
opportunity sets without doing obvious harm to others and, at the same time, seems to minimize the change 
in social structures.  

The above advantages of user rights and their assignment may explain why new fishing rights (fishing 
licenses, harvesting quotas etc.) have in most countries been assigned to existing users, i.e. those with a 
history in the fishery.  
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4. Transitioning to strong user rights 
Fisheries, as other human activities, are always conducted within the framework of some institutional 
arrangement.9 Thus, the adoption of strong user rights in a fishery implies a transition from a previous 
institutional arrangement in the fishery to a new institutional arrangement consisting of strong user rights 
(SURFs). A key economic question is when a transition of this kind is socially beneficial.  

Obviously, a necessary condition for a transition to SURFs to be socially beneficial is that the aggregate 
benefits from the SURFs are greater than those under the current institutional arrangement. This is not 
sufficient, however. There are likely to be transitions costs. New rules and their enforcement have to be 
designed and implemented, requiring investment of valuable resources in human and often physical capital. 
Also, the people that are affected have to adjust to the altered conditions. This is also costly and often 
substantially so. Obviously, the added benefits from SURFs must exceed these transition costs.  

Further it should be kept in mind that the new institutional arrangement alters production and social 
relations and, therefore, almost inevitably, the distribution of economic and social benefits between people. 
Thus, notwithstanding increased overall benefits, there will very likely be losers. The transition, in other 
words, is unlikely to meet the requirement of Pareto improvement (Hicks 1939, Kaldor 1939).  

To clarify these ideas, it may be useful to express them more formally:  

Assume that the outcomes of any given institutional arrangement in a fishery are identifiable and constitute 
a finite list; i=1,2…I. Then the vector of these outcomes for individual j at time t may be written as: 

𝑥𝑥(𝑗𝑗, 𝑡𝑡),  

with the typical element, x(i,j,t), representing the magnitude of outcome i experienced by individual j at time 
t. Examples of these outcomes might be the individual’s income, his social status and his environmental 
conditions.  

It is well known that if the individual has sufficiently well-defined preferences over these outcomes, these 
preferences may be expressed by a utility function.10 For our purposes, it is convenient to consider the 
impacts of SURFs on individuals’ utility in terms of the direct money metric utility function (see e.g. Varian 
1992, Hammond 1994). Write this money metric utility function as: 

(2) 𝑈𝑈(𝒙𝒙(𝑗𝑗, 𝑡𝑡), 𝑡𝑡; 𝑗𝑗). 

Note that, although not explicitly expressed in (2), this utility function generally contains many other variables 
besides x(j,t).  

To describe the relationship between a particular institutional arrangement (framework) for fisheries and its 
outcomes for individuals obviously requires a comprehensive, economy or society-wide model. Let us for 
simplicity represent these outcomes from a given institutional arrangement, IA, say, as the vector mapping:  

 

 
9 Institutional arrangements here refer to the prevailing set of rules and their enforcement in society.  
10 The conditions for the existence of an individual utility function are extensively researched. See e.g. Debreu 1959, 
Rader (1963), Voorneveld and Weibull (2016). 
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( , ) ( , ; , )j t IA z j t=x Γ , 

where the vector valued function Γ maps IA into outcomes for individual j and z represents a set of other 
variables (such as mitigating policies) that affect the mapping.  

Given the above, the change in utility from the transition from an institutional arrangement IA1 to a regime 
of strong user rights (SURFs) may be written as:  

( )10
( ) ( ( , ; , ), ; ) ( ( , ; , ), ; ) ( , )

T
V j U SURFs z j t t j U IA z j t t j j t dtδ∆ = − ⋅∫ Γ Γ

, 

where δ(j,t) is individual j’s discount rate at time t.  

To assess the impact of the transition on society as a whole, we need to aggregate over all individuals. A 
particularly simple aggregation consists of unweighted summing over individuals yielding: 

(3) ( )10
1 1

( ) ( ( , ; , ), ; ) ( ( , ; , ), ; ) ( )
J J T

j j
V j U SURFs z j t t j U IA z j t t j t dtδ

= =

∆ = − ⋅∑ ∑∫ Γ Γ . 

This summation represents a particular social welfare function, namely one that is additive in utilities and 
often referred to as classical utilitarianism (Driver 2014). More general, but less transparent, social welfare 
functions are of course available.  

Finally, the cost of the transition, TC, say, must be subtracted: 

(4) 
1

( )
J

j
V V j TC

=

∆ = ∆ −∑ , 

Only if ∆V>0 will it be socially beneficial to transition from an existing institutional arrangement for the 
fisheries to a new arrangement such as SURFs.11  

Relationships (3) and (4) summarize the social impacts of a transition from one institutional arrangement, 
IA1, of the fishery to SURFs. Obviously, to apply these relationships involves an immense measurement 
problem. All the outcomes of both institutional arrangements over time for every individual must be 
assessed. Each person’s utility function must be estimated. Personal discount rates have to be assessed. The 
transition costs must be estimated and so on. Applying this theory in full is clearly not feasible. Thus, the 
practical role of the theory is primarily to provide a framework of reference for the actual measurements 
and/or define an ideal to which actual measurements strive.  

The practical approach developed in economics for measuring the net benefits of a transition such as the one 
described by (3) and (4) is the cost-benefit analysis (see e.g. Layard and Glaister 1994, Mishan and Quah 
2020). While based on theoretical analysis as in (3) and (4) above, all cost-benefit analyses rely in practice on 
numerous assumptions and simplifications.  

 

 
11 Yet another important qualification not included above is uncertainty and risk associated with the transition. 
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5. Is transitioning to SURFs socially beneficial in practical cases? 
While, as explained in section 4, theoretical analysis does not allow us to claim that transitioning to SURFs is 
generally socially beneficial, it may be the case that such a transition is socially beneficial in most fisheries. In 
this section, we explore this possibility.  

Many of the ITQ-regimes that have been instituted in fisheries around the world during the last 50 years or 
so (see Arnason 2013) provide examples of transition to SURFs. The experience from these fisheries offers 
empirical data on the benefits and costs of such transitions. The fact that the use of ITQ system has greatly 
expanded around the world may be seen as evidence that the net impacts of these transitions have often 
been deemed to be positive.  

Many developing world fisheries are characterized by a great number of small-scale, low-technology fishers 
operating from numerous small fishing villages and exploiting the same fish stocks under essentially common 
property conditions. For these kinds of fisheries, it has been suggested by several authors (see e.g. Ostrom 
1990, McCay 2000, Arnason 2010) that strong community fishing rights could represent a significant 
improvement. Community fishing rights are of course user rights held in common. Moreover, there are 
reasons to believe that strong community fishing rights would over time evolve toward strong rights to users 
within the community (Arnason 2023). In this sense, the transition from previously common property regime 
to strong community fishing rights is an example of a transition to SURFs. The question, of course, is whether 
a transition of this kind would be socially beneficial overall.  

As made clear by the analysis in section 4 (see e.g. expression (3)), the net social benefits of a transition to 
SURFs depend inter alia on the previous institutional arrangement of the fishery from which the transition 
takes place. Thus, for instance, the transition to SURFs from an initial regime of strong property rights (a non-
user rights regime) appears highly likely to produce less added benefits than, say, a transition from an 
arrangement of common fisheries. Understandably, it is not possible to assess the net benefits of a transition 
to SURFs from all possible initial institutional arrangements of the fisheries. Therefore, in what follows, we 
restrict our attention to a transition to SURFs from a previously common property institutional arrangement. 
It should be noted that this restriction is likely to makes the gain from a transition to SURFs as high as possible.  

To make further headway, it appears helpful to divide the main impacts of a transition to SURFs into three 
categories: 

(i) Economic impacts 
(ii) Environmental (including fish stocks) impacts  
(iii) Social impacts 

It may be noted, however, that the demarcation between these categories, especially the economic and 
social, is often blurred. This is because economic impacts often have social impacts as well and vice versa.  

Research in fisheries economics provides fairly reliable predictions about many economic impacts of a 
transition from a common property fishery to SURFs. Fisheries biology and ecosystem sciences provide 
additional evidence of the impacts on fish stocks and environmental impacts more generally. The social 
sciences suggest some of the social impacts of this kind of a transition albeit much less comprehensively. 
Although the following assessment draw, to the extent possible, on these economic, environmental and 
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social findings, it should be emphasized that these assessments should be regarded as very preliminary and 
indicative only.  

5.1. Economic impacts 

The more notable economic impacts of this kind of a transition are listed in table 1. Although many of these 
impacts will affect different individuals differently, an attempt has been made to provide an overall 
assessment of their impact. Thus, mostly desirable impacts will be indicated by “+” and mostly undesirable 
impacts by “-“ and so on.  

Table 1. Transition to SURFs: Prominent economic impacts 

Impacts Assessment 
Increased profitability in fishing  + 
More operational stability in the fishing industry  + 
Increase in the market value of user rights.  + 
Alteration in the volume of fish supply  +/- 
Higher quality and unit value of landings + 
Reduced input use in fishing (incl. employment)  +/- 
Costly implementation and enforcement of SURFs - 
Altered structure of the fishing industry  0 
Altered geographical location of the fishing industry -* 
Shift to a higher economic growth path + 
Unequal distribution of benefits and costs* -* 

Note: Symbols: + positive; - negative; +/- either positive or negative; 0 neither positive nor negative. *: A social rather 
than strictly economic evaluation. 
Source: Author’s assessments. 

As indicated in the above table, although most of the economic impacts of a transition to SURFs are positive, 
some would typically be seen as negative. As a result, it is not possible to assert a priori that a transition to 
SURFs will be economically beneficial. Whether it is or not depends on the relative magnitudes of the 
different benefits and the costs. The standard economic method for assessing these magnitudes and come 
to an overall conclusion is of course cost-benefit analysis.  

Having said this a few important things should be noted: 

First, in most previously unmanaged commercial fisheries, the economic benefits are large and probably 
much more than sufficient to compensate the losers. Thus, in those cases, the transition to SURFs meets the 
Hicks-Kaldor principle namely that the gainers can compensate the losers and still be better off (Hicks 1937, 
Kaldor 1937). 

Second, as indicated in table 1, it appears possible to remedy two of the three unambiguously negative 
impacts of SURFs, namely altered geographical location of the fishing industry and unequal distribution of 
costs and benefits, by the application of the appropriate government (centralized) measures without 
substantially reducing the efficiency of the SURFs. Moreover, the cost of possibly reduced employment in 
fishing can, at least in principle, be compensated for, e.g. by unemployment benefits) This suggests, that 
provided the shift to SURFs meets the Hicks-Kaldor principle, there is a good chance that it can be rendered 
Pareto efficient.  
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5.2. Environmental impacts 

It appears that the environmental impacts of a transition to SURFs are predominantly positive.  

First, less fishing effort and application of fishing capital generally have positive environmental impacts in the 
sense of a movement to a more pristine state of the aquatic ecosystem.  

Second, increased commercial stocks, another inevitable consequence of SURFs compared to the common 
property arrangement, presumably move the ecosystem toward a more pristine state.  

Third, the establishment of SURFs provides a basis for the SURF holders to collectively assert their rights 
against external polluters of the aquatic environment (Arnason 2009). There are several reasons for this. First 
the value of their rights is greatly increased and, therefore, also their motivation for protecting the aquatic 
environment of the fish stocks. Secondly, because their income has increased, their ability to protect their 
interests is greater. Third, since the SURF holders are an identifiable group of resource users that is likely 
much smaller than before, their ability to collectively act for their common interests is increased. Thus, the 
likelihood that external polluters will have to cut back on their activity is increased, perhaps significantly so.  

It should be noted, however, that SURFs, as other strong rights in fisheries, by encouraging the increase in 
the stock size of commercially valuable species, may well move the ecosystem toward less biodiversity in a 
way that is similar to what has happened in farming on land.  

It should also be noted, however, that the introduction of SURFs in some fisheries may have a temporary 
detrimental impact on other commercial fish stocks as fishing capital and labour that has become redundant 
in the fisheries subject to SURFs is moved to other fisheries. This effect, however, is temporary because if 
this higher activity in alternative fisheries was not profitable (in equilibrium) previously, then it will not be 
profitable afterwards once redundant and, therefore, inexpensive capital and labour disappear.  

These considerations are summarized in table 2 below: 

Table 2. Transition to SURFs: Prominent environmental impacts 

Impacts Assessment 
Larger commercial stocks + 
Reduced fishing effort + 
Increased interest in aquatic health + 
Platform for fighting external pollution  + 
Tendency toward reduced biodiversity - 

Note: Symbols: + positive; - negative. 
Source: Author’s assessments. 

5.3. Social impacts 

A transition to SURFs from a previously common property arranged fishery implies a major alteration in the 
fisheries production system. This, inevitably, has numerous social impacts the more prominent of which are 
listed in table 3.  

It may be noted that most of the social impacts listed in table 3 are either different aspects of the economic 
impacts of SURFs or consequence of them. This appears reasonable, as social structures are generally closely 
linked to the methods of production, that is the way in which people earn their living.  
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Table 3. Transition to SURFs: Prominent social impacts 

Impacts Assessment 
Fewer larger fishing companies - 
Geographical rearrangement of the fishing industry - 
More technically advanced fishing industry +/- 
Increased income in the fishing industry  + 
Altered distribution of income  - 
Altered power and social status relationships - 
Altered pattern of labor use - 
Contraction in the use of fishing inputs - 
Alteration in traditional fishing culture - 

Note: Symbols: + positive; - negative; +/- either positive or negative.  
Source: Author’s assessments. 

Assessing the desirability or undesirability of the social impacts of SURFs listed in table 3 is by no means 
straight-forward. Although there can be little doubt that people care about social structures, little seems to 
be known about their relative values and the cost associated with changing them (See e.g. Bourdieu 2005).  

It seems reasonable that most changes in existing social structures are upsetting for people and they would, 
ceteris paribus, like to avoid them. This appears to hold irrespective of whether they prefer the new social 
structure or not. In this sense, changes in social structures can be regarded as akin to investment costs, i.e., 
a cost that must be incurred in order to enjoy the benefits (or suffer the costs) of a new social structure. Thus, 
just as investments in capital, investments in new social structures may or may not yield subsequent net 
benefits.  

Not having objective grounds to judge one social situation superior to another, a reasonable way to proceed 
appears to assume that the social transformation processes put into motion by the introduction of SURFs is 
costly and therefore, generally negative. This is the main justification of the assessments listed in table 3. It 
may well be the case that further research into the value of these social impacts will alter these assessments.  

6. Conclusion 
Above it has been argued that SURFs (strong user rights in fisheries) have certain significant advantages over 
other property rights-based arrangements in fisheries and certainly the common property arrangement. In 
section 5, we posed the question whether it would be possible to assert that transitioning to SURFs would in 
general be socially beneficial. To simplify the analysis, we stipulated that the initial institutional arrangement 
in the fishery, from which the transition to SURFs took place, was the common property arrangement or 
something very similar to it. Even in this quite favorable setting, it was found that a transition to SURFs had 
both positive and negative impacts. The economic impacts seemed mostly positive. The environmental 
impacts appeared predominantly positive. The social impacts, however, seemed mostly negative especially 
in the short run.  

Since we cannot evaluate each type of impact on a common scale, we cannot say whether the overall impact 
of transitioning SURFs is positive or negative. That kind of a conclusion seems to depend on the particular 
fishery and the economic, environmental and social situation at hand. Therefore, to reach such conclusion 
requires an in-depth empirical study.  
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The exploration in this paper suggests certain features of fisheries that make it more likely that transition to 
SURFs will be socially beneficial. The first is a high potential net value of the fishery suggesting large economic 
gains obtainable from a transition to SURFs from the common property arrangement. The second is a flexible, 
full employment market economy suggesting relatively low transition costs and adjustment costs to altered 
conditions. The third is an administratively and technologically advanced economy also suggesting relatively 
low transition costs to and operating costs of SURFs.  
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Appendix A. Shared resources are inefficiently used 
We consider the simple case of a nonrenewable resource. It is straight-forward to derive the same results for 
renewable resources. 

Denote the stock of the resource by x and let this stock be reduced by use according to 

1
( )

I

i
x q i

=

= −∑ , 

where q(i) denotes the use of user i.  
Let the benefit function of user i be 

( , ( ), )B x q i i  

and assume it is concave, i.e. its second derivative is negative.  

Application of the maximum principle (Pontryagin et al. 1962, Kamien and Schwartz 1981) produces the 
following necessary conditions for individual behavior at all times. 

(A.1) ( ) ( , ( ), ) ( ),q iB x q i i iσ=   ( ) ( ) ( , ( ), )xi r i B x q i iσ σ− ⋅ = − , 

where σ(i) is the shadow value of the resource to individual i and r represents the rate of discount.  

Maximizing total benefits, i.e. 
1

( , ( ))
I

i
B x q i

=
∑ , however implies the following behavior: 

(A.2) ( ) ( , *( ), ) ,q iB x q i i λ=   
1

( , *( ), )
I

x
i

r B x q i iλ λ
=

− ⋅ = −∑ , 

where q*(i) is the collectively optimal use by individual i and λ is the shadow value of the resource for the 
collective maximization. 

Restricting our attention to equilibrium for simplicity (the same result applies out of equilibrium as well) 
yields individual and collective the shadow values of the resource as: 

(A.3) 
( , ( ), )( ) xB x q i ii

r
σ = , 

(A.4) 1

1

( , ( ), )
( )

I

x I
i

i

B x q i i
i

r
λ σ=

=

= ≡
∑

∑ . 

Obviously, from (A.3) and (A.4),  

( )iλ σ> , all i if the resource is beneficial, i.e. ( , ( ), ) 0xB x q i i > , and 

( )iλ σ< , all i if the resource is detrimental, i.e. ( , ( ), ) 0xB x q i i < . 

It is then easy to see from (A.1) and the concavity of the benefit function that: 

• If the resource is beneficial, i.e. ( , ( ), ) 0xB x q i i > , uncoordinated individual resource use, i.e. q(i), will 

be excessive compared to the optimal.  
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• If the resource is detrimental, i.e. ( , ( ), ) 0xB x q i i < , uncoordinated individual resource use, i.e. q(i), 

will be insufficient compared to the optimal.  

In the case where resource use increases the stock of the resource, i.e., 
1

( )
I

i
x q i

=

= ∑ , it is easy to see, by 

retracing the same analytic steps, that the above results will be reversed (i.e., hold with an opposite sign).  

Appendix B. Individual property rights in resources restore 
efficiency in use 
Consider the resource use situation in appendix A with the addition that the resource is now private property. 
In particular, it is still the case that there are several users and their use impacts the resource according to 

(B.1) 
1

( )
I

i
x q i

=

= −∑ , 

where q(i) is the use of individual i. So, the external effects are still present.  

For the purposes of this appendix, it is immaterial how the private property in the resource is held. However, 
without loss of generality it is convenient to assume that it is held equally by users so that: 

(B.2) 
1

( )
I

i
x x i

=

= ∑ , 

where x(i) is the part of the resource owned by agent i. 

Since agent i’s use of the resource reduces the resource available to all other users and they hold property 
rights to the resource, he will be accordingly charged for his use. More precisely, his benefit function of use 
is now: 

( , ( ), ) ( ) ( )
I

j i
B x q i i s j q i

≠

− ⋅∑ , 

where the function B(x,q(i),i) represents his benefits from the resource use and s(j) is the equilibrium charge 
for use imposed by agent j. Under the usual competitive market assumptions this charge will equal the 
shadow value of the resource to the agents, i.e., s(j)=σ(j) all j. Assuming this, the benefit function may be 
written as:  

(B.3) ( , ( ), ) ( ) ( )
I

j i
B x q i i j q iσ

≠

− ⋅∑ , 

Maximizing this benefit function subject to the constraint (B.1) yields the necessary condition: 

(B.4) ( ) ( , ( ), ) ( ) ( )
I

q i
j i

B x q i i i jσ σ
≠

= + ∑ , 

which is exactly the collective use maximization condition derived in appendix A (see in particular (A.4)). 
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3. Pathways between user rights and economic 
efficiency in fisheries and salmon-farming in the 
Faroe Islands 

Zvonimir P. Đ. Mrdalo12 

 

1. Introduction 
Unregulated harvesting of marine resources usually leads to overexploitation of resources beyond their 
biological optimum (Hilburn et al.,1995). Another undesirable outcome of the lack of oversight is economic 
inefficiency, which is usually characterised as the tragedy of the commons (Hardin, 1968). Accordingly, a 
central principle of the optimal exploitation of marine resources is the recognition that user rights can 
improve the use of mariculture systems. In many marine societies, including the Faroe Islands, property 
rights13 over coastal farming sites and fish within its Exclusive Economic Zone (EEZ) rest with the state on 

 

 
12 Faculty of History and Social Science, University of Faroe Islands, Jonas Broncks Gøta 25, 100 Torshavn, Faroe Island. 
E-mail: zvonkom@setur.fo  
13 For an extensive overview of property rights theories, see Demsetz (1964), Cheung (1970) and Furubotn and Richter 
(1998) 

Abstract 
This study explores the links between the Faroe Islands government’s allocation of rights to fishing and 
salmon-farming companies and their economic efficiency. Our findings demonstrate that the gradual 
implementation of stronger user rights has contributed to improved economic outcomes in comparison 
to results under a weaker user rights regime. For salmon-farming, strong operative exclusivity has had a 
pivotal influence on improving economic efficiency. At the same time, fisheries managed employing 
Individual Transferable Quotas resulted in efficiency gains that combined with the appropriate duration 
of rights have created stable financial conditions for further re-investment. However, exclusivities in both 
industries have recently been weakened by the employment of ever-growing special resource charges. 
In contrast, the coastal multi-species fisheries governed by Individual Transferable Effort quotas since 
1996 continue to underperform due to transfer limitations and pervasive fleet overcapacity. For this fleet 
segment, the strong exclusivity established by the creation of an Exclusive Economic Zone has not 
secured stock conservation. Overall, our study identifies the main correlations between the 
government’s accurate design and allocation of user rights, sustainable exploration and optimal 
exploitation of the marine resources under consideration. 

Keywords: User rights, strong user rights, user rights in fisheries, user rights in marine fish farming, the 
efficiency of marine resource use, taxation of marine user rights.  

JEL Code: K2, H25, Q22, Q2 
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behalf of its citizens. Therefore, governmental initiatives to establish user rights regimes are a central 
element for controlling harvesting efforts. Crucial aspects of well-functioning user rights are said to depend 
on the strengths of the sub-rights set, including (i) exclusivity, (ii) security, (iii) durability and (iv) 
transferability (Arnason 2000, Scott, 2000a). 

The main objective of this study is to review the right-based management systems for fisheries and marine 
salmon-farming in the Faroe Islands, comparing the associated economic outcomes by examining the 
characteristics of each type of user rights. Additionally, we identify the key correlations between strong user 
rights and economic efficiency across each fishery sector, including i) domestic demersal fisheries, ii) distant-
waters demersal fisheries and iii) pelagic fisheries. 

The remainder of this paper is organised as follows. In the next section, we briefly review the primary 
attributes of various forms of user rights and their influence on efficient resource use. In Section 3, we detail 
the history of Faroese marine fisheries and salmon mariculture development. Section 4 outlines the 
industries’ economic performance, followed by an assessment of the relevant merits of user rights for each 
sector in Section 5. In Section 6, we look more closely into the links between economic performance, the 
quality of user rights and present a model for use to formally assess such links. Finally, we provide a brief 
conclusion in Section 7. 

2. A brief analysis of the main characteristics of user rights 
In this section, we survey the four main characteristics of user rights introduced above (Arnason 2000, 2007, 
Stewart, 2004, Scott, 2000a, 2000b, 2007) and their capacity to influence economic efficiency in fishery and 
fish farming. We define a weak user rights system as one that fails to promote economic efficiency measured 
by improved profitability in contrast to a strong rights system that does. Although it might be difficult to 
accurately measure the exact impact,14 it is possible to identify the vital influence of each characteristic and 
relate it to economic outcomes. 

First, the exclusivity characteristic enables users to exercise their rights without outside interference. In 
practical terms, establishment of the FO EEZ granted secure exclusivity to Faroese fishermen that included i) 
complete control of foreign fishing in the FO EEZ, ii) well-specified fleet segments and associated subgroups 
(Table 1) and iii) strict fishing area regulations. At the same time, pelagic15 fishery exclusivity depends on 
nations’ efforts to reach sustainable agreements regarding catch entitlements (Bjørndal, 2009, Bjørndal and 
Ekerhovd, 2014, Bjørndal et al., 2024). However, the establishment of EEZs or international agreements does 
not automatically guarantee the elimination of non-exclusivity that causes overfishing without introducing 
regulatory oversight that simultaneously restricts the number of fishermen who have the right to catch the 
fish (Wilson et al., 2006, Munro, 2007). Similarly, issuing a disproportionate number of salmon-farming 
licences without addressing pressure on local aquatic conditions will not improve economic outcomes, in 
which case low exclusivity is expected to have negative effects on the environment. In contrast, the 
development of exclusive farming zones, in conjunction with the implementation of stringent environmental 
regulations will internalise externalities and establish incentives to invest in innovative technology to improve 

 

 
14 For a quantitative measure of property rights see Arnason (2007). 
15 Fishery that targets fish that live and feed nearer the surface (pelagic zone) 
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fish welfare (ICES, 2023). Furthermore, outside interference such as introducing resource fee charges may 
weaken the exclusivity of user rights in economic terms (Arnason, 2007, Hannesson, 2021). 

Second, the security and quality of fishing rights in terms of harvest is subject to government regulation that 
clearly secures and protects a rights-holder’s title. The very same security of title in fisheries ‘depends on the 
firmness with which the government upholds the basis on which quota licences were originally handed out’ 
(Scott, 2007, p.27). The more secure a title, the higher the incentives are to invest in long-term 
improvements. For fish farming, property rights security depends on compliance with environmental 
regulations, where farming rights can be revoked by the state in case of non-compliance. Similarly, the 
government can sometimes grant catch entitlements to fisheries by simply transferring rights from a current 
holder to another. In both cases, a title can be revoked by the state without any compensation. 

The third characteristic is the duration that defines property rights’ time length. A longer duration provides 
a better chance for an investor to recover invested capital, noting that both industries require considerable 
upfront capital investments (e.g. biomass, fishing vessels). More specifically, longer-duration rights are found 
to contribute to more effective harvest rotation planning for salmon-farming (Asche and Bjørndal, 2011). 
Furthermore, a well-designed property rights duration that allows for proper renumeration can establish 
conditions that motivate re-investment in new technologies. 

The final characteristic is transferability, which has evolved in line with strong exclusivity. The transfer of user 
rights under stronger exclusivity is more valuable than that under the non-exclusivity. Indeed, under open 
access, the value of non-exclusive fishing rights would not attract many buyers if the same rights could be 
obtained from the government free of charge. Transferability is expected to provide actors with short-term 
operative flexibility and produce optimal numbers of fishing and farming licences in the long run. Finally, the 
trade of user rights through mergers and acquisitions is expected to improve economies of scale, although 
authorities usually elect to place limitations on maximum ownership to prevent the concentration of use 
rights (Townsend, 1990, Townsend and Charles, 1997). 

The inclusion of more of each of the four attributes from above is expected to considerably strengthen user 
rights, which is expected to subsequently impact economic efficiency, although the degree of impact might 
vary. A priori, we expect the effectiveness of stronger user rights to have a higher impact on fish-farming 
production compared with catch fisheries because holders enjoy higher control of harvesting activity. 
Notably, it has been demonstrated (Arnason, 2022) that a transition to a stronger user rights regime 
employing Individual Transferable Quotas (ITQs) is expected to improve economic outcomes, with the most 
recent evidence presented Danish demersal fishery (Nielsen et al., 2023). 

3. Historical background and current state of fisheries and 
salmon-farming systems in the Faroe Islands 

The economic prosperity of the Faroe Islands’ tiny population (54,5 thousand, 2023) has been heavily 
dependent on the export of fish and fish-related products over the past 120 years. Before this, wool 
production was the most significant industry in the Faroese (Lyck, 1997). On average, over the last 30 years, 
fish and fish-related products have accounted for around 93% of total exports of goods, employing around 
17%–20% of the total workforce (Statistics Faroe Islands). 



27 

 

Since 1997, the Faroese fleet has landed 12.15 million tonnes of seafood, with a corresponding total value of 
Dkr 65bn. During the same period, the Faroese fish-farming industry harvested 1.4 million tonnes of salmon 
valued at Dkr 59.1bn. By the end of 2023, pelagic fishery contributed to 82% of total landing weight and 27% 
of total marine resource-based revenue. In the same period, the intake of demersal fisheries, which 
accounted for 40% of landing weight in 1997, declined to 7% by the end of 2023 (Figure 1, panel a). 
Consequently, a downwards trend (− 6.6% p/a) has contributed to a decline of the share of landed values 
from 55% in 1997 to 12% in 2023. Notably, since 2015 a small number of large fishing vessels operating under 
the international Total Allowable Catches (TAC) system have generated an almost equal or higher share of 
landing values as the entire domestic fleet managed by Total Allowable Effort (TAE). In contrast, the relative 
significance of salmon-farming harvest values gradually increased from 31% in 1997 to 60% in the last five 
years on record (Figure 1, panel b). 

 

Figure 1. Share of harvest/catches and values by management system (TAE, TAC and farming 
licences) (1997–2023) 
Source: Faroese Fisheries Directorate. Author’s calculation. 

3.1. Development and current state of the Faroe Islands’ fisheries management 
system 

Initially, Faroese fishing was conducted using small row boats between and around the islands. After WWII, 
Faroese fisheries expanded outside local waters to broad fishing grounds in the North Atlantic. At this time, 
Faroese waters outside 12 nm became open access sites for international fishing fleets, while common pool 
access rights for fishery were granted to the Faroese citizens inside 12 nm. Notably, 75% of the catches from 
Faroese waters between 1955 and 1975 were harvested by foreign fleets, and landings to onshore Faroese 
processing plants increased fivefold during this period (Guttesen, 1980,1992). During this early period, fishery 
oversight was kept to a minimum, despite the increased fishing capacity following the establishment of the 
Faroese EEZ (Guttesen, 1991, Gezelius, 2008). In 1987, the government introduced a licensing system for all 
fishing vessels above 20 GRT to address the 30% increase in fishing capacity (Sigvardsen, 2014). Despite this 
effort, fishing pressure increased because of continued operative and investment loan subsidies 
(Government of the Faroe Islands, 2000). 

The subsequent collapse of cod and saith fish stocks during the first half of the 1990s (Cruz et al., 2007) 
produced a deep economic recession in the Faroes that required reform of the fishing industry (Apostle et 
al., 2002). As a consequence, the government abolished all subsidies to the fishing industry and reduced 
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granted fleet capacity by 10% (Government of the Faroe Islands, 2000, Løkkegaard et al., 2007, Gezelius, 
2008). In 1994 the Commercial Fisheries Act (CFA, Act No 28/1994) established the main regulatory 
framework for commercial fisheries and introduced a short-lived TAC system that was replaced by a TAE 
system using Individual Transferable Effort (ITE) quotas or fishing days at sea (Act No 50/1996). By the end 
of 1999, the TAE system seemed to be performing well (Chuenpagdee and Alder, 2001), although, in time, 
modernised fishing vessels put extra pressure on fishing stocks (Eigaard et al., 2011, Cruz et al., 2007, Faroese 
Economic Council, 2014, Hannesson, 2004, 2021). 

Regulations implemented in 1998 allocated catch licences applying a so-called ‘grandfathering’ principle that 
distributed the rights to fish to shipowners at the time. These recipients were granted the right to fish for 10 
years, and the 2021 Law on the Management of Sea Resources extended this period to 12 years. This rolling 
system resulted in a relatively certain probability of licensing renewal (Hannesson, 2004), although the 
regulation allows the state to revoke fishing licences without any compensation. 

Until 2019, the Faroese Parliament allocated fishing days annually (Gezelius, 2008, Grétarsson and Danielsen, 
2014, Jacobsen, 2019); however, fishing days have been allocated by the Minister of Fisheries (Act 152/2019) 
since 2020. Table 1 illustrates the total number of fishing days for a given category of fleet segments, 
revealing clear variations between fishing vessels and gear, from single and pair stern trawlers (up to 1000 
GRT) using bottom trawl to larger longliners and coastal trawlers (under 110 GRT) and small undecked vessels 
(under 15 GRT) employing handlines. The trawler groups predominantly target saithe, while longliners mainly 
target cod and haddock. Altogether, 43.585 fishing days were allocated during 1996/97, but only 17.691 days 
are allocated for 2024. Since its introduction in 1996, 72% of allocated days at sea were used for all five 
groups on average (Faroe Marine Research Institute, 2023). 

The other two segments of the Faroese fishery belong to the i) pelagic fleet (purse seiners and trawlers > 
1000GT) and ii) distant-waters demersal fisheries, which are both managed by ITQs. The pelagic fleet 
predominantly catches so-called straddling fish stocks (Munro et al., 2004), including Atlanto-Scandian 
herring, North Atlantic mackerel and blue whiting. Harvesting quantity is heavily dependent on international 
agreements between relevant fishing nations (Bjørndal et al., 2022). At the end of 2023, three distant-waters 
factory trawlers were entitled to harvest mainly cod and haddock in the Russian and Norwegian EEZ in the 
Barents Sea as agreed by a series of bilateral fishing agreements.16  

 

 
16 For example, in 2024, Faroese vessels are permitted to catch 9.766 tonnes of cod, 1.047 tonnes of haddock, 900 
tonnes of flatfish and 4.000 tonnes of shrimp in the Russian EEZ in the Barents Sea in exchange for 75.000 tonnes of 
blue whiting, 12.291 tonnes of mackerel and 5.735 tonnes of herring to be harvested by the Russian fleet in the Faroese 
EEZ (Protocol Faroese – Russian Fisheries Commission, Dec. 2023). Other similar bilateral and multinational fishery 
agreements can be accessed at www.fisk.fo. 
 

http://www.fisk.fo/
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Table 1. Summary of the Faroese fishery management, fleet classifications and harvest rights 
allocations (fishing days and ‘000 tonnes) 

 

Sources: Faroese Fisheries Directorate - Vørn, The Management of Sea Resources Act No 152/2019. Author’s 
compilation. 

3.2. Development and the present state of the Faroese salmon-farming 
management system 

At the end of the 1970s, the first successful attempt to farm salmon was undertaken by a handful of private 
investors as a continuation of an attempt to farm rainbow trout during the 1950s. At the time, farming activity 
was not a government regulated activity but was managed by the Aquaculture Committee/Council, which 
was established to initiate development in the periphery of the country (Jacobsen, 2011). 

The new industry faced significant operative challenges during the 1990s because of the overcrowding effect 
in which the close proximity of 70 farming companies’ sites resulted in disease outbreaks (Reinert, 1989, 
Faroese Fish Farming Association, 1994, Reinert, 1997). Subsequently, this poor performance contributed to 
a total loss of the industry’s equity by the end of 2005. As a result, the government issued a stringent set of 
environmental regulations (Act No 83/2009), that reduced salmon mortality and decreased pressure on the 
local environment in combination with other operative improvements (ICES, 2023). There are currently only 
three salmon companies on the Faroe Islands that were granted exclusive management zones, i) Bakkafrost, 
ii) Mowi Faroes and iii) Hiddenfjord (Figure 4, panel a), and each company is solely responsible for the farming 
outcomes in their sites. As a result of these arrangements, industry actors have been able to enjoy returns 
to scale and benefit from the adoption of the most efficient production technologies (Bjørndal and Mrdalo, 
2023). 

4. Economic performance 
4.1. Profitability and capital investments 

This section explores the economic results for the three main fishery sectors and salmon-farming for the 
period 1997–2021. In this context, determining economic performance is guided by data availability using 

Stock Fleet  Number of Maximum
Management Classifications Ships end 2023 Ownership TAE TAC 

Fishing Days '000 tonnes

TAE (ITEs) Group 2. Stern Trawlers (Single & Pair >500hp)* 21 25% 6109
TAE (ITEs) Group 3. Longliners over 110 GRT 12 20% 1583
TAE (ITEs) Group 4. Coastal vessels between 15 and 110 GRT 12 20% 1348
TAE (ITEs) Group 4T. Coastal vessels >40GRT but <500hp using trawl 7 30% 1086
TAE (ITEs) Group 5. Coastal vessels below 15 GRT  297 20% 7565
TAC (ITQs) Others* * 6 20% NA
TAC (ITQs) Distant Waters Factory Trawlers 3 35% 17,9****
TAC (ITQs) Pelagic Fleet*** 19 25% 604*****

*         Group 1. Deep sea single trawlers moved to group 2 at the end of 2011.
**       Includes Gill netters, Dredgers, Shrimp trawlers and Pot vessels. TAC not available for 2024.
***     Includes both Purse seiners and pelagic trawlers. 
****   Includes both Norwegian and Russian EEZ in the Barents sea. (Acts 177/2023 & 178/2023)
***** Mackerel, Herring, Blue Whiting and Capelin. (Acts 166/2022, 179/2023,  180/2023 and 4/2023) 
Total Avaliable Effort (TAE), Individual Transferable Efforts (ITEs), Total Available Catches (TAC), Individual Transferable Quotas (ITQs)
Horsepower (hp), Gross Register Tonnage (GRT) 

2024 allocations
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appropriate indicators. First, we note that salmon-farming and fishery require large investment17 (e.g. salmon 
biomass, fishing vessels) and can be considered capital-intensive industries. To service debt financing, capital-
intensive industries require higher sales margins (Mills, 1998), which is expressed by the EBITDA margin and 
profit margin ratio.18 

4.2. Fishery 

As evident from Figure 2, the earning margins of each fishery fleet segment over time are somewhat mixed. 
The highest average EBITDA margins were 30% for the pelagic sector19 and 22% for factory trawlers. In 
contrast, average profit margins were 13% and 8%, respectively. In contrast, the EBITDA margins for 
longliners and domestic trawlers of around 10% did not adequately produce sustainable profitability. In some 
instances, high EBITDA margins were not sufficient to generate positive profit margins, which was the case 
during the 2007–2009 financial crisis. Overall, high earnings had an important influence on establishing 
investment incentives to pelagic and distant fleets, and a few brand-new vessels (costing EUR 40–45 million 
each) were added to fleets, along with three modern onshore processing plants to produce high-grade 
pelagic catches for human consumption. In contrast, no newly built trawlers (EUR 5–7 million each) have 
been added since 2007.20 In addition, some longliners invested in onboard freezing capacity to improve catch 
quality following recently allocated cod quotas in Greenland and Canadian EEZs, resulting in improved profit 
margins since 2016 (Figure 2, panel c). 

 

 
17 We assume that investors have access to capital markets. 
18 Margins are calculated as i) Earnings Before Interest, Tax, Depreciation and Amortisation (EBITDA)/Sales, and ii) Post-
tax profits/Sales. 
19 For increased pelagic catches due to changing migratory patterns, see studies by Bjørndal and Ekerhovd (2014), 
Nøttestad et al. (2016), Danielsen and Agnarsson (2020) and Gullestad et al. (2020). 
20 Skipalistin, (2024), H.N. Jacobsens Bókahandil (www.skipalistin.fo) 

http://www.skipalistin.fo/
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Figure 2. EBITDA and profit margin ratios in four Faroese fishing segments (1996–2021) 
Sources: Januar – Faroese accounting firm, Fishing companies’ annual accounting statements, Faroe Islands Statistics, 
Author’s calculations. 

4.3. Salmon-farming 

In the last decade, 22 dedicated salmon-farming regions enabled the industry to harvest on average 76.000 
tonnes of Head-on-Gutted (HoG) farmed salmon annually, accounting for 46% of Faroese fish-related export 
value (Statistics Faroe Islands). The average harvested individual fish weight rose over time and was 6.09 kr 
on average between 2014 and 2023 (Faroese Fish Farming Association – Havbúnaðarfelagið). Considering 
that larger salmon fetch higher prices (Asche and Guttormsen, 2001), industry profitability has markedly 
improved over time (Figure 3, panel a). Since 2006, when more stringent environmental and disease 
prevention regulations were implemented (Bjørndal and Mrdalo, 2023), the average EBITDA margin stood at 
33% and profit margins averaged 21% of sales. The industry weathered the 2007–2009 financial crisis and 
the COVID-19 pandemic well and was able to quickly adapt to new market conditions. 

Furthermore, increased profits fuelled new investment (Figure 3, panel b) primarily in new land-based on-
growing facilities that aim to produce a larger smolt of 500 gr, which are expected to reduce biological risk 
(Bjørndal and Mrdalo, 2023, ICES, 2023). 
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Figure 3. EBITDA, profit margins ratios and capital investment per unit of production (Dkr/kg), 
Faroese salmon-farming (1996–2021) 
Sources: Companies’ annual accounting statements, Faroe Islands Statistics, Author’s calculations. 

5. Discussion 
This section further elaborates on the evolution of user rights for fisheries and salmon mariculture in the 
Faroe Islands. Table 2 presents the basic mapping of the four most essential property rights characteristics 
and fishery and aquaculture management regimes. As demonstrated, regulatory changes have followed a 
similar pattern in response to urgent developments in salmon-farming and capture fisheries, rather than 
being guided by decisive government policymaking. 
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Table 2. Summary of the main property rights attributes developments in Faroese fishery and 
salmon-farming 

Sources: Acts of Faroese Parliament 1987–2023, Author’s compilations. 

5.1. Exclusivity 

Historically, commercial fisheries and salmon-farming have suffered from weak exclusivity, although for 
different reasons. Before the Faroese EEZ was established, local fishing grounds were largely exposed to 
international open access, and an overabundance of farming licences were issued without proper 
environmental consideration (Jacobsen, 2019, Reinert, 1994). For the salmon industry, exclusivity was 
significantly weakened by overcrowding in local fjords during the initial period. From an operational 
perspective, economic agents did not appropriately manage the negative externalities caused by the 
proximity of their sites, which led to subsequent disease outbreaks (Reinert, 1994, Faroese Fish Farming 
Association, 1994, Reinert, 1997). However, in 2009, three remaining salmon companies were granted 
exclusive managing zones, making each company responsible for operations in their areas supporting the 

Salmon Farming Distant Water & Pelagic Fishery Domestic Demersal Fishery
Farming Licenses Management TAC (ITQs) TAE (ITEs)

71 companies active  in 1990s. 1987 - Licensing scheme introduced 1987 - Licensing scheme introduced
Overcrowding and disease outbreaks

TAC (ICES Advice) set fisheries Commercial Fisheries Act (CFA) No 28/1994
Since 2009 exclusive managing zones Fish claimed to be property of 

2013 dispute with EU the Faroese People ("Ogn Føroya fólks") 

Resource Tax charges Resource Tax charges Diversified fleet structure - 5 subgroups
50% Capital Gain Tax on sales of ITQs

No Resouce Tax Charges
Dispute with Lobster license holders  Mackerel quotas deductions 50% Capital Gain Tax on sales of ITEs

2003 - Stringent Environmental regulations "Grandfathering" -  automatical renewal p/a "Grandfathering" -  automatical renewal p/a

2007- automatic renewal terminated 2007- automatic renewal terminated
State can revoke license 2016-2019  up to 25% of TAC auctioned
in case of no compliance Subsidied by Mackerel quotas

with regulations
Brexit - loss of acces to UK EEZ (Pelagic) License holders must fish their own ITEs,

Russia EEZ- uncertainty of future mutual quota allocations or risk losing it

1970s - 3yrs license duration Indefinitive duration until 1998 Indefinitive duration until 1998

1980s - 10-12yrs license duration 1998 & 2007- 10yrs license duration 1998 & 2007- 10yrs license duration

Presently - automatical renewal 2016-2019 Auctioned 1yr, 3yrs and 8yrs rights No Auctions 
12yrs duration 2018 - 4 years Developing Licenses

2021- 12yrs license duration 2021- 12yrs license duration

Aggregation Limits Aggregation Limits Aggregation Limits 

M&A restructuring phases Transfer to take place within each vessel group Transfer to take place within each vessel group

2009- Anti-trust regulation in place Transfer conditional on 60% utilisation rate Transfer condional on 60% utilisation rate 
Max. 20% equity 

Max. 50% holdings at sea Max. share of TAC 35% Distant Waters Max. share of TAE 20%, 25% and 30% 
Fishing sites swaps allowed Max. share of TAC 25% - Pelagic fleet

D
uration

T
ransferability

E
xclusivity

Security
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internalisation of externalities (Figure 4, panel a). At the same time, exclusive access to local fjords’ pristine 
waters continues to be challenged in local courts by local fishermen who harvested lobsters. 21 

Before the implementation of the CFA in 1994, no restrictions were imposed on fishing catches in the Faroese 
EEZ. The CFA’s amendment in 1996 divided the Faroese demersal fishery fleet into five main groups (Table 
1). This grouping made exclusivity more authoritative because it linked Faroese residence to fishing licence 
ownership. Second, exclusivity was reinforced by allocating each group a relative catch share (ITEs) for each 
species. Third, strong exclusivity was further secured by limiting access to respective fishing grounds among 
different kinds of fishing vessels. For example, for longliners > 100 GRT and otter board trawlers < 500 HP, a 
large portion of cod and haddock catches are taken from fishing grounds that permanently exclude mid-size 
pairs and larger trawlers (>500 HP) that predominantly target saithe fisheries (Figure 4, panel b). 

Figure 4. Exclusive Faroese salmon-farming areas and major fleet catching areas 
Sources: Bakkafrost Company presentation, International Council for the Exploration of the Sea (ICES) 2013 Report of 
the NWWG. 

In contrast, pelagic fisheries and the distant water demersal fisheries were institutionalised through the 
implementation of international agreements on TAC (ITQs). Notably, Faroese pelagic fleet exclusivity was 
weakened by unilateral quota setting in 2013 when the EU imposed a ban on Faroese mackerel and herring 
catch imports following the so-called mackerel conflict22 (Totland, 2020). In addition, the fleet’s exclusive 
rights to harvest mackerel have been undermined since 2012 due to the mackerel quota allocations to mid-
size stern trawlers. 

 

 
21 “Lobster fishermen feel crammed by Bakkafrost” https://fiskur.fo/hummarafiskarar-fola-seg-trodkadar-vekk-av-
bakkafrost,  
22 Conflict between EU and Norway on one side and Iceland and Faroe Islands on another side, caused by unforeseen 
changes in mackerel migrations throughout the North East Atlantic 2008-2014 

 a) Three Salmon farming companies exclusive areas  b) Fishing activity by four major fleets in the Faroese EEZ

https://fiskur.fo/hummarafiskarar-fola-seg-trodkadar-vekk-av-bakkafrost
https://fiskur.fo/hummarafiskarar-fola-seg-trodkadar-vekk-av-bakkafrost
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Since 2012, investors’ right to retain higher profits has been affected by the introduction of a special tax23 
that reduces the exclusivity of the property right in question. As illustrated in Table 3, this special charge has 
been increasing in absolute terms and as a proportion of the landed price. Similar resource charges have 
been imposed on the salmon industry since 2014, although these charges are dependent on the world market 
price (Acts 75/2023 and 76/2023).24 As a result, sectoral re-investment capacity might be affected. Indeed, 
Bakkafrost, the largest salmon producer on the Faroe Islands reduced future contracts for value-added 
products in 202425 in direct response to newly introduced resource charges as explained above. 

Table 3. Summary of fishing fleets and salmon-farming fiscal terms (2012–2026) 

 

Sources: Acts of Faroese Parliament, Gjaldstovan – Faroese Government Payment Agency, Faroese Fisheries directorate 
- Vørn, Faroe Islands Statistics, Author’s calculations. 

5.2. Security 

Following the poor biological performance of salmon-farming resulting from the infectious salmon anaemia 
(ISA) disease outbreak in the early 2000s, the Faroese government issued a set of stringent environmental 
regulations that authorised and empowered various state agencies to monitor salmon-farming activity more 
closely than before the crisis. Based on the 2003 Faroese Veterinarian Act on Aquaculture and the 2009 
Aquaculture Act, licence granting is conditional on companies satisfying a set of operative and environmental 
monitoring requirements. Farming sites that are found to not comply with these regulations are given up to 
six months to comply and farming licences can be revoked in cases of non-compliance. 

 

 
23 Along with continuing resource charges, the government introduced capital gain taxes of 50% in 2020 that were 
imposed on any profits originating from sales of harvest rights (Act No 105/2020). 
24 The newly introduced resource tax on salmon-farming ranges between 0.5% and 20%, 0%–36% for pelagic species 
and 2.75%–11% for distant water catches, depending on harvested/landing prices. Fisheries under ITEs are exempt from 
paying resource charges. 
25 Bakkafrost annoncement of reduction in production of value-added products as a direct response to anticipated 
changes to the resource revenue taxation. Bakkafrost Corporative news Q3 2023. https://www.bakkafrost.com 
/en/about-us/news/increasing-smolt-production-reducing-value-adding-processing  

Mackerel as % of Herring as % of Blue Whiting as % of Capelin as % of Distant-Waters as % of Salmon Farming as % of Act of Faroese Fish Auctions
Dkr/kg landed price Dkr/kg landed price Dkr/kg landed price Dkr/kg landed price Dkr/kg landed price Dkr/kg reference price* Parliament Dkr Million

2012 0,75 11,34% No 73/2012
2013 0,75 14,05% 0,35 8,94% No 50/2013
2014 1,00 16,63% 0,50 9,21% 0,58 1,55% No 154/2013 & No 64 &77/2014
2015 1,00 16,37% 0,50 8,21% 0,20 10,48% 0,36 1,00% No 159/2015 & No 64 & 119/2014
2016 1,00 13,79% 0,75 10,31% 0,20 9,27% 2,40 4,80% No 162/2015 &No 30/2016 59,80
2017 1,00 13,82% 0,75 20,23% 0,20 13,90% 2,22 4,66% No 162/2015 & No 150/2016 135,20
2018 1,50 18,78% 0,60 14,88% 0,25 14,38% 2,11 4,54% No 162/2015 & No 172/2017 143,39
2019 1,50 17,36% 0,60 14,15% 0,25 12,35% 1,80 4,10% No 180/2018 & No 172/2017 221,67
2020 1,50 18,30% 0,60 14,29% 0,25 12,12% 0,50 1,51% 1,12 2,98% No 180/2018 & No 172/2017 72,56
2021 1,50 21,41% 0,60 11,36% 0,25 13,23% 0,50 1,41% 2,07 4,88% No 180/2018 &No 172/2017 72,39
2022 1,23 17,23% 0,89 16,96% 0,31 14,34% 2,36 4,68% 3,19 5,23% No 111/2022 & No 77/2021 62,50
2023 1,45 21,84% 0,87 14,62% 0,40 17,31% 2,00 4,84% 2,27 3,31% No75 & 76/2023 & No 90/2023 60,00

Averages 1,18 16,7% 0,64 13,0% 0,26 13,0% 1,34 3,1% 1,81 3,7% 103,4

Aug 2023 - >>2026** 1,77 24% 0,85 17% 0,36 17,2% 1,98 24,5% 2,36 6,0% 3,98 8,1% No 75 & 76/2023 60***

* Nasdaq Salmon Index 
**Calculations are based on average landing/harvested prices 2019-2023
**Gjaldstovan

https://www.bakkafrost.com/en/about-us/news/increasing-smolt-production-reducing-value-adding-processing
https://www.bakkafrost.com/en/about-us/news/increasing-smolt-production-reducing-value-adding-processing
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For fisheries, the 1994 CFA states that fishing rights are revocable without any compensation, and neither 
harvesting nor fishing licences can be used as collateral. Furthermore, unlike fish-farming licences, the initial 
security of fishing rights for marine fisheries was based on the previously noted grandfathering principle that 
was initiated in 1987. From that time until 1998 incumbent rights holders were able to hold on to their rights. 
CFA amendments in 1998 and 2007 provided 10-year fishing permits, and the 2021 Law on the Management 
of Sea Resources extended these rights to 12 years. This rolling arrangement provided shipowners with a 
high probability of renewal since it is perceived as extremely unlikely for the state to rescind fishing permits 
from owners (Hannesson, 2004). 

At the same time, incumbents’ title security was tested by the government’s auctioning and issuance of 
development quotas to newcomers (Gezelius, 2008, Grétarsson and Danielsen, 2014, Danielsen and 
Agnarsson, 2018a, 2018b & 2020, Jacobsen, 2019, Ellefsen and Justinussen, 2020, Ellefsen and Bromley, 
2021). These fishing auctions were held between 2016 and 2019, garnering relatively high bidding prices 
(15%–41% above the average landing price). This might serve as an indication of incumbents’ resolve to 
secure fishing rights and protect them from new entrants, although a new set of regulations aims to capture 
missing auction payments beyond 2026 (Table 3). At the same time, we argue that the security of mid-size 
trawlers improved with the mackerel quotas subsidy, considering the poor financial performance of this 
segment (Figure 2, panel d). Finally, the question of the pelagic fleet’s securing access to fishing grounds in 
the UK EEZ following Brexit and accessing the Russian EEZ in the Barents Sea due to geopolitical tensions 
remains. 

5.3. Duration 

As shown in Table 2, contemporary salmon-farming and fishing licences are issued for 12-year periods. The 
3-year salmon licences that were initially issued were deemed inadequate because of the long lead nature 
of the salmon production. Industry enterprises are also authorised with 5-year operating licences that are 
automatically rolled over, subject to environmental performance oversight. 

The longer duration of fishing rights under ITQ arrangements is expected to motivate optimal investment 
that will affect fleet size and fishing stock conservation (Valle et al., 2006). Investments in new fishing vessels 
and salmon-farming combined with joint risk-taking demonstrate investors’ financial commitment and, more 
importantly, the advantageous effects of secured access to harvest rights. In general, financial institutions 
prefer to issue loans to companies with solid and durable prospects, which is exemplified by harvesting rights 
with 12-year durations. 

However, since fishery under ITEs has the same 12-year duration, and no new vessels have been 
commissioned since 2007, poor financial performance (Figure 1, panel d) has clearly not established a strong 
credit base to invest in new vessels. This suggests that the longer duration might not be a decisive factor for 
credit investment in this case that may be attributed to an inadequate TAE management system, which at 
the time of this writing has also impacted the conservation of three major fish stocks (ICES, 2023). Indeed, 
according to the latest International Council for the Exploration of the Sea (ICES) Advice (2021a) for the 
Faroese ecoregion, around two-thirds of the annual harvest since 1987 exceeded the ICES recommended 
level of catches for cod, haddock and saithe. As a result, joint catches have steadily declined from a peak of 
92 thousand tonnes in 2002 to the latest harvest of 22.8 thousand tonnes in 2023 (ICES 2021b, Faroese 
Fisheries Directorate - Vørn). 
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5.4. Transferability 

As noted previously, consolidation of salmon-farming licences occurred on many occasions in response to 
various crises caused by disease outbreaks. As a result, only three main salmon-farming companies are 
licensed today, in contrast to the 70 active entities throughout the 1990s (Faroese Fish Farming Association, 
1994). This has been the most significant factor that facilitated the emergence of a profitable salmon-farming 
industry (Figure 2, panel a), which is not only evident in the Faroese, but also in other major salmon-producing 
countries (Asche et al., 2013). At present, the 2009 Aquaculture Act limits the concentration of ownership of 
salmon-producing companies to a maximum of 20%,26 and a single company can hold no more than 50% of 
the total available salmon-farming licences at sea. Currently, companies are permitted to swap farming sites 
at sea, conditioned upon regulatory compliance. 

For fisheries, aggregation limits are applied for catches and effort quota management systems. For instance, 
the latest Law on the Management of Sea Resources in 2019 set maximum ownership at 25% for catch quota 
allocation of each pelagic species and 35% for distant-waters demersal catch quotas. In addition, between 
20% and 30% of the total fishing days for commercial fisheries that are regulated by effort quotas may be 
held by one entity depending on the vessel group (Table 1). Fishing days are transferable subject to the 
following conditions: i) transfer principally permitted within the same vessel groups only, ii) permanent 
transfer permitted, iii) lease for one year permitted, iv) transfer forbidden between trawlers and long-lines 
or jigs-equipped vessels, v) transfers permitted only after 60% of allocated effort quota has been used and 
vi) transfer transactions are also subject to vessels’ effort capacities, with conversion rules applied 
(Løkkegaard et al., 2007, Executive Order No 167/2022). Additionally, from 1 January 2023, the licence 
holders’ obligation to meet their effort quota has been closely monitored and will be revoked if not used for 
two years. 

As a result of over 25 years of regulated fishing rights transferability, the number of vessels under effort 
quota management belonging to four main vessel groups (vessels < 15 GRT excluded) declined from 161 in 
1998 to 52 by the end of 2023 (Faroese Fishing Day Committee, 2017, Faroese Fisheries Directorate - Vørn, 
2022), and the domestic fleet’s profitability remains poor (Figure 1, panel d). This has been attributed to 
persistent fleet overcapacity (Faroese Economic Council, 2014), technological changes (Eigaard et al., 2011, 
Faroese Economic Council, 2012), poor fish stock management (Cruz et al., 2007, Baudron et al., 2010, ICES, 
2021a), the political power of commercial fishing groups (Jacobsen, 2019) and the social importance of the 
fishing industry (Gezelius, 2008). 

6. Proposal for examining the link between stronger user rights 
and economic performance 

This section pursues dual aims. The first aim is to describe the main links between the diverse user rights 
noted above and their effect on economic efficiency. The second goal is to provide an explanatory framework 
to test for the causal effect of strengthened user rights on the set of potential outcomes. Because of poor 

 

 
26 The law has made provisions for Mowi Faroes which is a 100% owned subsidiary of Mowi ASA Norway. 
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data quality, we are unable to empirically test our working hypothesis; therefore, we identified a few most 
significant channels where stronger user rights undoubtedly affected economic activity. 

Our first contention is that secure user rights has influenced investment decisions since the risk of 
expropriation has been eliminated by continuous and stable user rights renewal (Table 2). Considering the 
underlying uncertainty regarding the aggregate supply function of fish (stocks’ size and distribution), 
investors are expected to require a hefty premium to accept the additional uncertainty that is an inherent 
aspect of the fishing industry. With formal titles secured, investors can now focus on mitigating short- and 
long-term operational risk, provided the reasonable duration of rights possession. This hypothesis seems to 
be confirmed by Faroese distant water and pelagic fisheries investing in new vessels and in the case of salmon 
mariculture, where evident high investment (Figure 3, panel b) was attributed to the strong security of 
tenure. In the case of the former two, the strength of user rights has been secured through international 
fisheries agreements (Bjorndal et al., 2024). 

The second prediction of our analysis is that strong user rights will have a significant influence on facilitating 
harvest recovery and sustainable management of coastal fisheries and salmon farms. These outcomes are 
said to be enforced by the strong exclusivity described above, and we expect that the extractors under 
stronger user rights will accept more conservative regulatory decisions than those under weak user rights. 
The Faroese salmon companies’ ongoing compliance with stringent biosecurity regulations confirms this 
assertion. At the same time, the coastal fisheries’ failure to comply with optimal extraction rates (ICES, 2021a, 
2021b) indicates the inadequacy of ITEs in effectively limiting fishing effort despite strict fishing area 
regulations (Figure 4, panel b). 

Another mechanism through which stronger user rights can influence economic outcomes is ‘bankability’, 
referring to harvest commercialisation. Rights transferability has resulted in a considerable concentration of 
resource ownership in Faroese salmon-farming and fisheries managed by ITQs. From the pure efficiency 
perspective, larger companies would be expected to have better credit access, although the size of these 
entities has become too large to be financed by local Faroese banks.27 As a result, strong user rights have 
established creditworthy value on those enterprises’ balance sheets that serve as loan security. In practice, 
high EBITDAs (Figure 2, panels a and b, Figure 3, panel a) together with the de facto capitalisation of user 
rights, channelled potential into actual efficiency gains. At the same time, a diverse coastal fleet structure 
with numerous restrictions on transferability resulted in extensive overfishing and poor economic 
performance (Figure 2, panels d). The regulator’s refusal to accommodate greater transferability combined 
with ongoing subsidies indicates fear of potential socially undesirable effects on local communities that are 
dependent on fishery income, although this might produce the most optimal outcome from the narrow 
economic perspective. 

 

 
27 The total loan exposure to aquaculture and fisheries was below 10% of total lending by two largest Faroese banks, 
and below 2% by two smaller banks according to each bank Risk Management report 2011-2023. At the time of this 
writing, Bakkafrost, has secured Dkr 6,7bn credit facility provided by foreign banks. This amount is greater than 
combined equity of all four banks at Dkr 5,03 bn. Similarly, the latest new build distant water trawler “Akraberg” has 
been financed solely by Norwegian financial sector. https://www.eksfin.no/en/cases/fisheries-and-aquaculture/state-
of-the-art-fishing-trawler-for-the-faroe-islands/  

https://www.eksfin.no/en/cases/fisheries-and-aquaculture/state-of-the-art-fishing-trawler-for-the-faroe-islands/
https://www.eksfin.no/en/cases/fisheries-and-aquaculture/state-of-the-art-fishing-trawler-for-the-faroe-islands/
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Furthermore, the resource-based charges in recent years have contributed around 15%–20% of direct 
government revenue.28 As argued above, although these charges may have weakened exclusivity, they might 
have strengthened title security in the long run. The validity of this hypothesis may not be apparent under 
normal circumstances; however, it may become evident during a severe downturn when the government 
might be liable to provide financial assistance to distressed companies. Awareness of such a potential 
outcome should influence the overall harvest and redistributive policies considering the profound economic 
significance of marine source extraction in the Faroe Islands. 

More formally, a possible link between user rights and economic efficiency can be examined by conducting 
(unbalanced) panel data analysis. Specifically, the functional relationship can be expressed as follows: 

(1)   𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼𝑗𝑗 + 𝛽𝛽𝛽𝛽𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛾𝛾𝛾𝛾𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖   

The above heterogeneous model specification allows us to vary the model parameters across differing 
vessels/farming sites (𝑖𝑖), groups (𝑗𝑗) and over time (𝑡𝑡). In the basic case, 𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖  measures economic outcome 
(EBITDA or profit margin, investment), 𝛼𝛼𝑗𝑗 denotes group-specific intercepts, 𝑟𝑟𝑖𝑖𝑖𝑖𝑖𝑖 encapsulates the strength of 
user rights (index score) and 𝑐𝑐𝑖𝑖𝑖𝑖𝑖𝑖  controls for the stable characteristics of fishing vessels (length, engine 
power, etc.) or farming sites (locations, size, etc.). Although it is beyond the scope of this paper to run an 
econometric analysis including testing for model misspecification, we note that the key issue is properly 
identifying the causal effects of user rights on the set of outcomes. For example, considering the importance 
of marine resource harvest for the Faroese economy, increasingly higher capital investments may affect the 
strength of user rights, resulting in a case of reverse causality. It is possible to break down the rights index 
𝑟𝑟𝑖𝑖𝑖𝑖𝑖𝑖 into the four sub-rights sets defined above for a more accurate understanding, which might provide us 
with detailed knowledge of each characteristics’ magnitude of influence. Also, care must be taken when 
choosing a time horizon for an economic evaluation since different models may be required to identify the 
causal effects of stronger user rights in the short and long run (Jensen, 2023). 

The final question for this section is whether it is possible to correlate the claim that stronger user rights 
directly affect economic outcomes. In principle, a whole range of micro- and macro-economic impacts can 
be identified so solely focusing on micro-economic outcomes may be limited in scope. We initially 
acknowledge the fact that many underlying natural mechanisms (fish migrations, environment, sites, etc.) 
may mask the effects of improved user rights, creating an inclination to doubt user rights role altogether. 
Similarly, as described above, the transition from weak user rights enabled salmon mariculture to emerge 
reconstructed and with more efficiency than before the crisis, whereas coastal fisheries have remained 
relatively unchanged. In both cases, a mismanagement crisis marked a decisive point of divergence between 
the two sectors, while simultaneously demanding strong government intervention. However, regardless of 
these differences, it is strongly evident that secure and durable property rights mattered for investment and 
re-investment decisions, despite the introduction of fiscal charges (Table 3). This characterisation was crucial 
for salmon-farming expansion (Figure 3, panel b) and for pelagic and distant water fleets to a different 

 

 
28 Danish direct transfers excluded (Dkr 700 million p/a). 
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degree. In conclusion, this case study offers a verified, though inconclusive, link to the advantages of 
employing a strong user rights strategy for economic recovery and subsequent expansion. 

7. Conclusion 
The findings of this study suggest that the implementation of strong user rights has had a significant influence 
on the management of marine resources in the Faroe Islands, although with uneven impacts. The proper 
allocation of strong user rights to the salmon-farming industry has been essential for advancing the industry’s 
economic efficiency. At the same time, no indication that economic performance has improved is evident for 
the domestic fisheries managed by TAE, where technological creep takes place, which is in stark contrast to 
the ITQ-managed pelagic and distant-waters fleets’ solid performance. All this indicates that some useful 
lessons can be learned from the design of user rights applied to different sectors. 

First, strong exclusivity combined with stringent regulations had a pivotal influence on improving salmon-
farming’s economic efficiency, where the industry’s initial weak user rights did not accommodate the 
potentially catastrophic effects of environmental overexploitation. This positive salmon-farming experience 
can assist policymakers in adjusting the economic management of domestic fisheries, which can perhaps be 
accomplished by addressing restrictive transferability and abandoning subsidy schemes. 

The study’s assessment of pelagic and distant water demersal fishery demonstrates that employment of ITQs 
has produced potential benefits and is subsequently better suited to that segment of fishery management 
requirements. The analysis indicates that the pelagic fleet’s relatively strong user rights enabled rights 
holders to obtain the benefits from a sudden stock favourable migration and abundance. On the negative 
side, both segments’ user rights strength has been affected lately by weakening exclusivity and uncertain 
security. 

Finally, examining the development of user rights in the Faroe Islands has provided a deeper understanding 
concerning their impact on fishery and fish-farming management outcomes. In its current form, the 
proposition of strong user rights asserts that the same can address prevalent domestic economic inefficiency 
under the weak user rights system. However, as our case study findings indicate, the successful choice of 
user rights depends heavily on different circumstances of marine resource use. 
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4. Fishery performance indicators (FPIs) to assess the 
strength and evolution of user rights in quota-
managed fisheries29 

Michael De Alessi30, 31 

Chris Anderson32 

 

1. Introduction 
The first tradable harvest quotas for commercial fisheries were introduced in the Netherlands and Iceland in 
the 1970s33 (Arnason 2013). Since then, quota-managed fisheries have spread around the world and now 
include many of the world’s most valuable and productive fisheries. As with any significant shift in natural 
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logistical support while collecting historical FPIs in Iceland from Profs. Ragnar Arnason and Birgir Runolfsson, comments 
from the organizers and participants at the conference on s, Copenhagen, October 2023, and an anonymous reviewer.  
30 School of Aquatic and Fisheries Science, Department of Economics, University of Washington, 305 Savery Hall, 35 33 
30 Seattle, United States 
31 Corresponding author, e-mail: mdealessi@gmail.com 
32 School of Aquatic and Fisheries Science, Department of Economics, University of Washington, 305 Savery Hall, 35 33 
30 Seattle, United States 
33 Individual vessel quotas were introduced in Iceland in 1975 and in the Netherlands in 1976. While some quota trading 
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the Netherlands.  

Abstract 
Using historical reconstructions of the Fishery Performance Indicators (FPIs), this paper describes changes 
over time in the strength of property rights in 19 quota-managed fisheries around the world. Many of 
the world’s most productive and profitable fisheries are quota-managed, but still subject to criticism on 
socio-economic grounds. This paper briefly reviews those concerns and then focuses on exploring how 
the strength of property rights may affect the economic performance of the harvest sector. FPIs assess 
harvest rights strength across five dimensions: transferability, security, durability, flexibility, and 
exclusivity. Scoring quota-managed fisheries five years before and five years after the introduction of 
quotas, as well as in roughly the present time, reveals significant changes in both the strength of property 
rights and in economic performance, setting the stage for future research using historically reconstructed 
FPIs to assess the effects of quota management on a wider set of social and economic outcomes than has 
been possible to date.  
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resource policy and management, quota-managed fisheries have their supporters and their critics, based on 
different notions of success, focus on specific fisheries, and readings of conflicting evidence. Since their 
introduction, academics, conservationists, policymakers, and others have tried to understand and measure 
the environmental, economic, and social effects of quotas. These efforts, however, are typically either 
isolated case studies or focused on a limited number of economic or ecological factors, and occasionally social 
metrics, across a fishery or fisheries in one or at most two countries. Global analyses are rare because, apart 
from longstanding efforts by FAO to collect and publish annual landings and price data by country and two 
World Bank global estimates of overcapacity and loss of potential economic revenue, comparable data 
between species, fisheries, and countries are rare or nonexistent (FAO 2022, World Bank 2017). However, 
the Fishery Performance Indicators (FPIs), a triple-bottom line rapid assessment tool designed to bridge 
species, fisheries, and countries, provide a new framework to make consistent comparisons across a range 
of quota managed fisheries (Anderson et al 2015).  

Any assessment of the effects of quota-managed fisheries must begin with a definition and evaluation of the 
property rights associated with quota management, and the FPIs include sections on both access and harvest 
rights. In the FPI framework, access rights are permissive and refer to the right of users to participate in 
fishing, and harvest rights are restrictive and refer to the right of users to harvest a particular quantity of fish. 
The overall strength of these rights can be characterized by analyzing the fundamental attributes of quota-
managed fisheries – the quality or strength of harvest (user) rights (Arnason & Runolfsson 2023a). In 1988 
Anthony Scott broke down the characteristics of harvest rights in fisheries into six dimensions: durability, 
flexibility, exclusivity, quality of title, transferability, and divisibility. Both the Fishery Performance Indicators 
(Anderson et al 2015) and the standalone approach to measuring the quality of user rights developed by 
Arnason (2000) are based on Scott’s early work.  

The burgeoning field of research refining and applying the analysis of strong (or weak) user rights in fisheries 
formed the basis for a conference in Copenhagen in late 2023 (this volume) (Arnason and Runolfsson 2023a 
& 2023b, Runolfsson 2024). This paper complements these analyses by describing research that relies on 
historical reconstructions of Fishery Performance Indicators (FPI) to assess how quota managed fisheries 
have changed over time. With data from 19 fisheries around the world, preliminary results on how the 
strength of 5 dimensions of harvest rights have changed over time generally and in Iceland specifically are 
presented.  

2. Assessing the performance of quota management systems: 
Quantitative and qualitative concerns  

The relationship between ownership and stewardship has been well-known for millennia. Aristotle wrote in 
politics ii “that which is common to the greatest number has the least care bestowed upon it”. The devil, of 
course, is in the details. Arnason and Runolfsson (2023b) recently reviewed the literature on property rights 
and fisheries, highlighting that the “fundamental finding of modern property rights theory is that strong or 
high quality private or individual property rights are necessary for a high degree [of] economic efficiency and 
economic growth”. As those authors (and many others) acknowledge, in the messy world of politics and 
policy, economic growth and efficiency concerns must also contend with distributional and socio-economic 
concerns.  
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Early on Parzival Copes (1986) parsed potential problems with quota managed fisheries into fourteen 
categories, many of which concerned monitoring aspects of catch and data collection and the difficulties 
posed by multi-species fisheries. By the mid-1990s when the effects of quota management were not just 
theoretical, concerns narrowed to two broad categories, straightforward quantitative concerns about the 
pragmatic requirements for data and enforcement to implement programs as intended, and qualitative 
concerns about broader implications of allowing markets to determine social outcomes such as rent 
generation, wealth distribution, and broader socio-economic concerns within and between fishing 
communities and society more generally. In the United States in 1995, the U.S. Congressional Research 
Service (CRS) reviewed existing ITQ (Individual Transferable Quota) programs around the world and found 
that ITQs effectively reduced overcapitalization (too many boats chasing too few fish) and increased revenues 
and quota values for the vessels that remained in the fishery (Buck 1995). The CRS also noted some 
“controversial” aspects of ITQs, including effects on employment and community stability and equity due 
largely to shifts in the distribution of profits and wealth between quota owners, crews, and fish processors.  

The CRS report was part of a wide-ranging recognition that quotas effectively end a competitive race to fish 
(Neher et al 1989, Birkenbach et al 2023). More recently, Arnason and Runolfsson’s (2023b) review of the 
literature on user rights in fisheries highlight not just the economic but also the environmental and social 
effects of strong and weak user rights in fisheries. In a complementary review, Jenson (2023) focuses on 
short-term and long-term production efficiency effects, non-efficiency economic effects, and the biological 
and social effects of strong user rights. These articles find complementary empirical work showing that 
generally, with the introduction of strong user rights, fishing effort decreases, harvester profit increases, 
harvester costs decrease, and horizontal and vertical integration typically increase. These reviews also cite 
some of the potential disadvantages of strong user rights, some of which are measurable and generalizable 
empirically - increases in monitoring and enforcement costs, increases in rates of high-grading or discarding 
fish, and changes in employment – and some of which have no generalizable empirical support, such as 
distributional concerns about wealth generation, community, and power structures. Broadly construed, 
these distributional concerns are the focal point for much of the ongoing criticism of quota managed 
fisheries. 

2.1. Distributional effects of quotas 

Whether quota managed fisheries positively or negatively affect the distribution of access rights, power, and 
wealth is a matter of perspective, and without comparable data, distributional studies typically focus on one 
locale. McCay (1995, p.7) identified that “[a]mong the social implications of ITQs are job losses, changing 
social relationships of production, changing social structures within communities, and increased 
concentration of rights, power and wealth within an industry”. Iceland nicely demonstrates how perspective 
matters in assessments of social equity. One study of how quota ownership changed from 1984-1994 found 
“growing inequality” accompanied the concentration of quota ownership in larger fishing companies (Palsson 
& Helgason 1995), but Arnason & Runolfsson (2001) later showed that over the same period both smaller 
(less than 10GT) and larger vessel numbers increased, and if diverse shareholding of the large asset values 
generated by the quota system is considered, then wealth is more widely spread under the quota system.  

Efforts to assess the distributional effects of quotas have largely utilized individual case studies, making it 
difficult to draw general conclusions. Socio-economic data on fisheries is limited within country, and 
comparable socio-economic data is effectively non-existent between countries. Far-ranging (but still case 
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study based) efforts include the U.S. National Research Council (1999) publication “Sharing the fish” that 
considered how ITQ programs could meet “social and economic objectives” and a series of conferences and 
publications from the Food and Agriculture Organization of the UN (FAO), including “Case studies on the 
allocation of transferable quota rights in fisheries” (Shotton 2001a) and “Case studies on the effects of 
transferable fishing rights on fleet capacity and concentration of quota ownership” (Shotton 2001b). These 
publications report trends in ITQ fisheries generally – that ITQs typically lead to consolidation in the fishing 
industry (fewer boats), that target species population status tends to be stable or improve under quota 
management, and that landings prices and/or quota asset values generally increase34. Distributional metrics 
such as who owns quota now, effects on crew wages and status, and where fishing operations are based are 
measured on a country-by-country basis, but whether these changes are positive or negative remains a 
source of consternation for those with different perspectives on equity and efficiency35. And the age of these 
studies – closer to the introduction of early quota systems than to the present day – is indicative of the 
paucity of data that would allow for empirical comparison.  

3. Data obstacles to measuring the environmental, economic, 
and social effects of quotas 

With the widespread implementation of catch shares (i.e., rights-based fisheries management) at the end 
of the twentieth century, economists have begun to examine empirical evidence about their performance. 
Yet despite documented positive outcomes and predicted gains from wider adoption of this approach, 
catch shares face persistent political opposition and criticism in the noneconomics literature. The debate 
surrounding catch shares focuses on equity, industry consolidation, nonlocal ownership of quotas, 
employment, and other impacts on fishing communities, but the evidence on both sides has been largely 
anecdotal. To inform this debate, it is important for economists and other researchers to produce rigorous 
analyses that quantify the effects of catch shares on employment, the distribution of economic value in 
the harvest and processing sectors, and other indicators of community well-being (Birkenbach et al 2019, 
p. 130). 

Differing opinions on how to define inequality and highly subjective job satisfaction surveys aside, it is clear 
that very little data are available to analyze the effects of quota management systems beyond the simplest 
metrics of harvest volume and (usually) stock abundance. Arnason and Runolfsson’s (2023b) recent review 
of the effects of strong user rights on fisheries performance, from ecological effects such as target stock 
abundance, biological diversity and secondary environmental effects to numerous economic and social 
effects is thorough, and leads the authors to conclude that most analyses fail to consider multiple social, 
ecological, and economic attributes that are “internally consistent and comparable (measured in the same 
units)”  

 

 
34 Landings price data is often available, and recent studies across multiple fisheries have found that trends in landing 
prices in quota managed fisheries vary widely and in some cases are not positive (Fare et al 2015, Birkenbach et al 2023) 
35 It is worth noting the distinction between the initial allocation of quota that is typically a political decision before 
quota management systems begin to operate, and how quota is distributed through market transactions occurring after 
quota management systems take effect. Assessments such as the FPIs will have little to say about initial allocations.  
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The evolution of data collection around quota-managed fisheries in the United States is a telling example. 
The first tradable quotas introduced in the U.S. were for the Mid-Atlantic surf clam and ocean quahog fishery 
in 1990 and the Alaska Halibut fishery in 1995. Both programs transformed the business of fishing and 
engendered numerous studies and critical appraisals in the academic literature and the public press that led 
to a Congressionally mandated moratorium on new tradable quota programs in 1996 pending further study 
of their effects. Tired of waiting, fisheries on the U.S. West Coast and Alaska formed cooperatives that 
enabled them to move to a system that closely resembled catch shares without violating the law before the 
moratorium on new quota systems expired in 2002 (De Alessi et aI 2014). In New England, where 
distributional concerns continued to impede their introduction, quotas were finally allocated in 2010 to 
“sectors” that resembled cooperatives but that were anecdotally (and visibly) not as strong or cohesive as 
the Pacific Coast cooperatives (Clay et al 2014, De Alessi et al 2021). Despite calls for better data throughout 
these processes and the creation of a new set of data-driven socioeconomic performance measures by the 
U.S. National Marine Fisheries Service in 2011 (Brinson & Thunberg 2016, Guldin & Anderson 2018), recent 
surveys of the literature on the performance of quota managed fisheries around the world found a lack of 
data necessary to assess the sustainability, economic, social, and governance performance of quota managed 
fisheries (Pascoe et al 2019, Holland et al 2015, Hoshino et al 2020).  

4. The fishery performance indicators  
The Fisheries Performance Indicator (FPI) assessment method was developed with support from 
development agencies, foundations, and universities to assess the triple-bottom line (social, economic, and 
ecological) performance of fishery management systems (Anderson et al., 2015). The FPIs allow for 
comparison across fisheries from small-scale to industrial, but also include metrics for the strength of the five 
aspects of property rights (Anderson et al 2015). The FPIs use a Likert scale (1-5) to score 122 metrics across 
ecological, economic, and social dimensions of fisheries. These metrics broadly break down into two 
categories, enabling factors (inputs) and outcomes (outputs). Inputs include laws and external factors 
(property rights among them) that affect the ability of a fishery to generate outputs such as wealth 
accumulation, environmental sustainability, and community well-being. The FPIs were designed to be rapidly 
scored and to rely on available data (landings and price, for example) and expert assessment/opinion where 
data do not exist (the availability of ice or electricity in remote areas, for example). In the last ten years, 
roughly 200 fisheries around the world have been scored, providing academics, NGOs, and development 
agencies such as the FAO and the World Bank with baseline measures of fisheries performance and a novel, 
viable way to measure the impact of fishery management interventions.  

4.1. Historically reconstructed FPIs for quota-managed fisheries 

Because FPIs use semi-structured interviews to complement available quantitative data, it is possible to 
obtain historically accurate FPI assessments in cases where previously active participants are able and willing 
to talk. Quota-managed fisheries are a relatively recent innovation in fisheries management that, as 
mentioned above, have been criticized for certain case-specific outcomes but have not been meaningfully 
assessed across countries over time. To enable assessments across countries and through time, researchers 
at the University of Washington began collecting historical FPIs for quota-managed fisheries in 2020. With 
some pandemic-related delays, that dataset now covers 19 fisheries across 5 countries, including many of 
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the world’s most important quota-managed fisheries in Iceland, New Zealand, Australia, the United States, 
and Peru.  

Each fishery assessed has extensive and publicly available data on landings volume, prices, and stock 
assessments. Because the earliest quota management systems were implemented in the mid-1980s, there 
are boat owners, vessel captains, processing managers, and government scientists and managers still alive 
and available for interviews. For each fishery FPI scores were collected five years before and five years after 
quotas were implemented, and roughly in the present. For example, ITQs were implemented in the New 
Zealand Rock Lobster fishery in 1991, so FPIs for lobster were scored for 1986, 1996, and 2019. Table 1 lists 
the 19 fisheries that have been completed so far (research is still ongoing).  

Table 1: Historical reconstructions of 19 quota-managed fisheries  

 

Although there are still some important fisheries missing from the dataset, notably the British Columbia 
groundfish fishery in Canada, the Southeast Australia Trawl fishery, and the Western Australia rock lobster, 
19 fisheries allow for some preliminary results. For the Copenhagen Conference on Strong User Rights in 
Fisheries we focused on the property rights dimensions in these fisheries, taking an average of the scores 5 
years before and 5 years after quota management was implemented, and the current score.  

4.2. FPIs and property rights 

FPIs measure two forms of property rights in fisheries, access rights and harvest rights. Access rights convey 
some restrictions on entry into the fishery (i.e. not open access), but those rights may be quite weak, as in 
the case where licenses are required to fish but there are no limits on the number of licenses. For the 
purposes of evaluating strong user rights and quota management systems, harvest rights are a more 
appropriate measure of the quality of user rights. Rather than simply providing access to fishery resources, 
harvest rights connote rights-based fisheries management (RBFM) and an allocation of the right to harvest a 
share of the total catch to individuals, vessels, firms, cooperatives, communities, or other groups. To quantify 
the strength of those rights, FPIs rely on the measures described by Scott (1988) and Arnason (2000) - 
transferability, security, durability, and exclusivity – and add to those flexibility “in the timing and production 
technology employed” (Anderson et al 2016).  
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Figure 1: The evolution of harvest rights in 19 quota-managed fisheries 

Figure 1 (above) shows the average scores in three periods of time for Harvest Right metrics averaged over 
the 19 fisheries scored to date – 5 yrs before quotas were introduced, 5 yrs after quotas were introduced, 
and roughly the present36. An initial absence of harvest property rights was explicit in the design the project, 
seen graphically in the center of Figure 1. Harvest rights were generally strong five years after their 
introduction, but across the 19 quota managed fisheries assessed to date, all 5 dimensions of harvest 
property rights’ quality strengthened over time. The change in transferability is small, moderate for flexibility 
and exclusivity, and largest for security and durability. That the longer quota-managed systems remain viable, 
the more confident quota owners and policymakers are that quota management will continue is not a 
surprising result, but change over time is particularly interesting because according to theory, stronger 
harvest property rights across all dimensions should lead to stronger economic performance (Demsetz 1967, 
Scott 1988, Arnason 2000). 

 

 
36 A note on scoring: At least one reviewer commented that they found “the high … scores following the [introduction 
of the] QMS surprising”. It is worth noting that FPI scores allow for qualitative judgement and are scaled to capture 
variation in rights across fisheries, not to provide high resolution to distinguish among the most robust systems in the 
world. Hence the wording of the scoring guidance contained the FPI manual (Anderson et al 2016) where a score of 4, 
for example, is considered “strong” but is an appropriate score even with “poor” institutional arrangements governing 
transfers. The guidance for scoring the harvest right metric for Transferability, for example, is as follows:  
5 Very Strong: Fully transferable through well-established, efficient market institutions 
4 Strong: Fully transferable, but institutions are poor or illiquid 
3 Moderate: Transferable, but with severe restrictions on who can hold, or how much 
2 Weak: Transferable only under highly restricted and limited condition 
1 Access rights not transferable 
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Figure 2: Evolution of harvest sector economic performance in 19 quota-managed fisheries 

Figure 2 maps the subset of Harvest Sector Economic Performance scores across the 19 fisheries scored to 
date. Each score is an average of multiple metrics from the FPI scores. The Harvest Performance score, for 
example, includes the metrics for Landings Level, Excess Capacity, Season Length, and Harvest Safety37. While 
the data is incomplete and the scores to date are unreviewed, these results do suggest a relationship 
between stronger harvest rights (inputs) and improved economic performance in the harvest sector 
(outputs).  

4.3. Access rights and harvest rights in Iceland 

As an initial demonstration of how the historical FPIs might be used to learn more about quota-managed 
fisheries at the country level, FPI scores for the three most important fisheries in Iceland are shown here. The 
three fisheries and the dates they were scored are (1) the larger-scale demersal fishery (1979, 1989, & 2021), 
(2) the pelagic fishery (1981, 1991, & 2021), and the small-scale demersal fishery (1999, 2009, & 2020).  

 

 
37 For descriptions of other aggregate scores, see Anderson et al 2015.  
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Figure 3: The evolution of limited access rights in three Icelandic fisheries 

Figure 3 shows that relatively strong access rights existed in each fishery before the introduction of quotas. 
Following the introduction of quota-management, those access rights strengthened in the larger scale 
demersal and pelagic fisheries but were weakened over time in the small-scale demersal fishery. This weaking 
reflects the move to allow for open-access in a portion of the smaller-scale fleet in recent years. Because the 
smaller-scale and larger-scale demersal fleet in Iceland both target the same cod stocks, among other species, 
the weakness of the smaller-scale demersal access rights is also reflected in the flexibility and exclusivity 
scores for the larger-scale demersal fleet. Allowing for some open-access in the smaller-scale demersal fleet 
also results in lower quality scores for harvest rights’ metrics. Of the 19 quota-managed fisheries scored to 
date, the Iceland smaller-scale demersal fleet is the only fishery where access and harvest rights did not 
either remain stable or strengthen over time, reflecting the politicization of small-scale fishing in Iceland.  
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Figure 4: The evolution of harvest asset performance in three Icelandic fisheries 

Figure 4 shows harvest sector economic performance in Iceland’s three major fisheries, which appears 
related to the strength of harvest property rights. Economic performance improved with the strengthening 
of harvest rights in the Icelandic pelagic and larger-scale demersal fleets, while the economic performance 
of the smaller-scale demersal fleet regressed over time along with the weaking of harvest rights in that 
fishery. The only other negative trend is in risk in the pelagic fleet and, to a lesser degree, in the small-scale 
demersal fleet. This aggregate risk score includes uncertainty about the long-term strength of rights but is 
mostly a reflection of volatility in inter- and intra-annual prices and landings. The pelagic fisheries of Iceland 
have likely seen increased volatility in landings due to environmental conditions and the development of the 
mackerel fishery which appeared after 2008. More research is needed, but these preliminary results appear 
to back up early property rights theorists’ claims that economic performance is closely tied to the strength 
of property rights.  

5. Conclusions  
Quota-managed fisheries were first introduced in the 1970s and since then have successfully ended the race 
to fish and generated economic rents in fisheries around the world. Criticisms of quota-management systems 
have also grown in that time, primarily on distributional, socioeconomic grounds. Assessing the impacts of 
quota-managed fisheries has been largely case study-based, however, as what little data exists outside of 
landings and stock assessments are rarely comparable across fisheries, let alone countries. This paper 
describes a recent effort to create comparable data by using the Fishery Performance Indicator (FPI) 
methodology to score fisheries on triple-bottom line, social-ecological-economic, performance. The 
preliminary analysis presented at the Copenhagen conference on strong user rights and in the paper focuses 
on the change in the strength of the property right dimension of transferability, security, durability, flexibility, 
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and exclusivity and how the strength of property rights may be related to the economic performance of the 
harvest sector. 

The FPI assessment methodology includes aggregate scores for social, ecological, and economic performance 
and includes metrics for the five measures of strength of property rights. In all but one of 19 quota-managed 
fisheries assessed around the world, the strength of harvest (user) rights—the rights to harvest a quantity of 
fish—increased over time. Using Iceland as an example, initial results suggest that harvest sector economic 
performance follows the strength of harvest rights. The Iceland smaller-scale fishery is the only instance of a 
measured decline in the strength of user rights over time, and it is also the only instance of a measured 
decline in economic performance over time. This test run of analysis using historically reconstructed FPIs 
appears to confirm the essential relationship between property rights in fisheries and economic performance 
and suggests that the FPIs are well-suited to further analysis of the performance of quota-managed fisheries 
over time.  
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5. Evolution of user rights in the Icelandic fisheries: 
From WURFs to SURFs 

Birgir Th. Runolfsson38 

 

1. Introduction 
A key insight of the modern economic theory of property rights is that high quality or strong private property 
rights are an important ingredient for economic efficiency and economic growth. User rights in fisheries are 
a sub-part of the much broader area of the economics of property rights. We refer to strong (SURFs) and 
weak user rights (WURFs) in fisheries, and for the purpose of differentiating SURFs from WURFs, we need a 
definition and a measure of the strength of user rights.39 Such a measure was suggested by Scott (1988, 1989, 
1996, 2008) and more fully defined by Arnason (2000, 2007)s. A property right consists of a combination of 
different characteristics or attributes. The number of attributes that make up a property right may be high. 
Scott (1996, 2000) emphasizes that the most important attributes of property rights may be captured by: 
Duration, Quality (or security) of title, Exclusivity, and Transferability. Arnason (2000, 2007) presented a 
flexible and numerical measure of property rights quality with his so-called Q-measure of property rights 

 

 
38 Faculty of Economics, University of Iceland, Sæmundargata 2, 102 Reykjavik, Iceland. E-mail: bthru@hi.is  
39 Runolfsson (2024) is an earlier attempt to apply the property rights framework here. Arnason and Runolfsson (2023a) 
argue that a transition from weak to strong user rights may have a wide range of impacts, and then attempt to identify 
and describe some of the more prominent impacts. Arnason and Runolfsson (2023b) then consider the problem of 
assessing the values of these impacts is considered, first in general terms, and then by attempting to evaluate empirically 
prominent impacts of installing SURFs in the Philippines marine fisheries.  

Abstract 
User rights in fisheries refer to the rights of fishers to harvest from fish resources. In terms of exclusivity, 
security, duration, and transferability these rights can be strong, or they can be weak. For this a definition 
of and a measure of the strength of user rights is needed. We refer to strong and weak user rights, and 
by strong user rights in fisheries (SURFs), we mean fishing rights that score highly on the quality of 
property rights, or property rights quality index (Q-measure), which be explain in the paper. Weak user 
rights (WURFs) are fishing rights that score low on the quality of property rights. We then explain how 
this approach can be applied to analyze and score the quality of actual user rights in fisheries. This we do 
first by relating the characteristics or attributes of property rights to harvesting rights or vessel quota 
systems in fisheries and we look at the case of Iceland which implemented an individual transferable 
quota system (ITQs) in its fisheries in the latter half of the 20th century. We recount the story of the 
implementation of the ITQs and score the different property rights attributes. We then relate this to the 
change in performance of the fisheries by comparing the quality score to the value of the fishing quotas, 
and indirectly to the profitability of the fisheries. It turns out that there is a high correlation between the 
quality score and the value of the quotas. 
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quality. By SURFs, we mean fishing rights that score highly on this property rights quality index (Q-measure). 
Sole owner rights, individual catch quotas (IQs), individual transferable catch quotas (ITQs), and territorial 
use rights fisheries are some examples of SURFs.40 WURFs are fishing rights that score low on the quality of 
property rights. This will be clarified in the first two sections of this paper.  

We then go on to explain how this approach can be applied to analyze and score the quality of actual user 
rights in fisheries. This we do first by relating the characteristics or attributes of property rights to harvesting 
rights or vessel quota systems in fisheries. Then we look at the actual case of Iceland which implemented an 
individual transferable quota system in its fisheries in the last quarter of the 20th century and the early 21st. 
We retell the story of this implementation and at the same time show how the score in the different property 
rights attributes developed and the quality of these user rights changed; from WURFs to SURFs. We then 
relate this to the change in performance of the fisheries by comparing the Q-measure score to the value of 
the fishing quotas, and indirectly to the profitability of the fisheries. We show that there is a high correlation 
between the Q-measure score and the value of the quotas. 

2. The economic theory of property rights 
The concept of property and its role as a social institution has stimulated much thinking and discussion 
through the ages. An early contributor, Aristotle, wrote in his Politics: “[L]et us consider what should be our 
arrangements about property: should the citizens of the perfect state have their possessions in common or 
not?“ Aristotle then later his Politics states the argument for private property as resting on five grounds: 
progress, peace, pleasure, practice, and philanthropy (Spiegel 1991). More than a millennia later the topic 
was taken up by Saint Thomas Aquinas (1272) and many of the scholastics in the late Middle Ages. Saint 
Thomas put forth a vigorous defense of private property, building both on theology and on Aristotle (see 
Dupont 2017). Early modern political economists, including John Locke (1689), David Hume (1739), Adam 
Smith (1776) and John Stuart Mill (1848), also had much to say about the role of property rights, often using 
rather different arguments.41  

2.1. Development of theories of property in economics 

An emphasis on property rights theory in modern economics emerged in the 1960s, as exemplified in the 
contributions of Coase (1960), Alchian (1965), Demsetz (1967), and Cheung 1970.42 Demsetz (1967) seminal 
article, “Toward a Theory of Property Rights,” sought to explain the rise of private-individual property rights 
as a natural and an evolutionary response to increasing demand for scarce natural resources. This approach 
depicts economic exchange as exchange of property rights and states that the value of a good depends on 
the specific design of the relevant property rights. Private property rights also increase the gains from trade 
and incentivize resource conservation. 

Eggertsson (1990) referred to this theory as “the naïve theory of property rights,” according to which (private) 
property rights develop if an internalization of externalities is associated with social net benefits. The 

 

 
40 On the difference between ITQs and territorial use rights fisheries, see Cancino et.al. (2007). 
41 On the contribution of each, Locke to Mill, see also Furubotn and Richter (2010) and West (2003). 
42 See also Coase (1960), Cheung (1970), Barzel (1997), and Libecap (1989). 
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evolution of actual property regimes applicable to natural resources do not seem to support such naïve 
theory. There exists a vast range of complex property systems that apply to natural resources. These include 
a variety of combinations of private, common, and public property rights. There are also many other variables 
involved, such as the structure of underlying institutions, both formal and informal, as well as laws and 
ecology. Simply saying that something is privately or communally owned is not sufficient to describe a 
property right. Many types of property rights exist, each with their own set of characteristics.  

Eggertsson’s (1990) explains that the modern economic theory of property rights is “naïve” as the theory 
seeks to explain the development of exclusive property rights without explicitly modelling social and political 
institutions. Libecap (1989) modifies the naive model of property rights by linking it to the interest-group 
theory of legislation and government.43 He argues that property rights are formed and enforced by political 
entities and that property rights reflect conflicting economic interests and the bargaining strength of affected 
parties.44 The implications of Libecap’s (2003, 148) framework are that reaching an agreement on a socially 
beneficial institutional change will depend on: (1) the size of the potential aggregate gains, (2) the number 
and heterogeneity of the bargaining groups, (3) extent of asymmetric and limited information, (4) issues of 
distribution, and (5) the nature of the resource.  

The bargaining groups are motivated to support beneficial institutional change by the size of their expected 
share in the aggregate gains that the institutional change potentially brings. The larger the expected gains 
the more likely an agreement will be made, as parties anticipate all being made better off, and conflicts 
become less critical. Depletion of common-pool resources because of uncontrolled access and uses becoming 
clear may demonstrate the need for a new property rights arrangement. This may explain why adopting a 
new institutional arrangement usually occurs very late in the history of the exploitation of a resource, or only 
after losses have become so large that distributional concerns may be relatively unimportant (Libecap 2003). 

2.2. The characteristics of property rights 

A common approach (Eggertsson, 1990) is to distinguish between three categories of property rights: First, 
the right to use an asset (user rights). Second, the right to earn income from an asset and contract terms. 
And third, the right to transfer permanently rights over an asset, to alienate or sell an asset. Although they 
do capture important aspects of “property rights”, which may be useful for analysis, a more detailed 
description of the attributes or characteristics of “property” is needed for the purpose here of defining strong 
property rights and they must also be measurable or quantifiable. 

A more fruitful way is to follow Anthony Scott (2008, 5) who refers to a set of characteristics that the property 
rights are composed of, especially those held by individuals who use and manage natural resources. Some of 
these characteristics may seem familiar from standard economic literature on the efficient allocation of 
resources.45 Scott (2008, 6), as Arnason (2007), assumes that these characteristics are quantifiable and treats 

 

 
43 Libecap (1989) cites the public choice (Buchanan and Tullock) and Chicago political economy (Stigler and Peltzman) 
literature on the working of the political process. 
44 See also Libecap (1986; 2003; 2008a; 2009). 
45 Scott (1996, 37) also states that we may look at the powers of ownership (to manage, dispose of, and take its yield) 
as outputs of property rights while the characteristics are more like inputs. Scott (2008, 5) refers to the characteristics 
as the “set of elements that compose individual property rights”. 
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them as though they are continuous, measurable, and changeable (rather than dichotomous, amorphous, 
and fixed). A property right consists of a combination of different attributes or characteristics, and the 
number of distinguishable characteristics that make up a property right may be high. Scott (1996, 2000) 
emphasizes that the most important characteristics of property rights may be captured by:46 Duration, 
Security (Quality of title), Exclusivity, and Transferability.  

We now turn to a more thorough description of the characteristics (attributes) and their sub-attributes.47 

2.2.1. Security 
The attribute of security relates to the ability of a holder of a property to withstand challenges to his right. It 
may be thought of as the probability that an owner will be able to hold on to his property rights, where the 
probability ranges from zero to one. A measure of unity means that an owner will hold his property right with 
complete certainty, and a measure of zero means that the owner loose his property with certainty.  

2.2.2. Duration 

Duration or permanence is another important characteristic of the property right. There is a difference 
between an indefinite duration, which does not stipulate the duration of the property right, and a property 
right in perpetuity, which stipulates that the right lasts forever. Perpetuity may require that the government 
buy or compensate if a right is recalled or revoked, while indefinite rights might be revoked altogether 
without compensation. 

2.2.3. Exclusivity 
The term exclusivity refers to the ability of a holder to use his property without outside interference. It may 
therefore refer to the physical interference with use of resource by other users, as such physical interference 
amounts to having to share a resource.  

Some resources have multiple uses, some or even much interference would be the norm and a lower level 
of exclusivity. Where a holder’s property has multiple uses, each use could be said to refer to a specific right 
and a separate measure of exclusivity. 

Exclusivity also refers to a holder’s freedom from government regulation that restricts ways in which the 
resource is utilized.  

2.2.4. Transferability 
The transferability of property rights determines the extent to which a holder may bequeath, trade or sell his 
interest in a resource. Some of the economics literature describes transferability, or alienability, as an 
indispensable aspect of ownership rights (Scott 2008, 9). Increased or complete transferability, “total 

 

 
46 Scott (1996; 2000) refers to the four characteristics; exclusivity, duration, security, and transferability. In other of his 
writings (1988, 1989, 1999, 2007, 2008) the characteristics are six; flexibility and divisibility in addition the 
beforementioned four. On each occasion he does suggest that there are at least four to six characteristics (1996, 37; 
1988, 291).  
47 The description here draws heavily on Scott (1996, 2000, 2008) and Arnason (2000, 2007). See also the discussion in 
Arnason and Runolfsson (2023a) and Runolfsson (2024). 
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freedom to transfer any part of ownership”, could therefore be considered a sign of more perfect property 
rights. The right of complete transferability is, however, quite rare in the real world. 

Property rights may also be described in terms of divisibility. Land ownership could, for instance, be split 
among different owners into surface rights for building and farming or other uses and sub-surface rights or 
mineral rights. Arnason (2007) claims that perfect transferability infers both no restrictions on transfers and 
perfect divisibility.48 

2.3. The quality of property rights 

Arnason (2000, 2007) attempts to measure property right “perfection” based on these characteristics. 
Although building on Scott’s approach Arnason refers to attributes instead of characteristics, and there are 
four of these attributes: Durability, Exclusivity, Transferability, and Security (Arnason 2007, 34). 

2.3.1. Measuring the characteristics  
The different characteristics mentioned above are measured on a scale from 0 to 1. An attribute’s measure 
of zero means that the property right holds none of that attribute, and a measure of unity means that the 
property right or holds that attribute completely. On this basis a map may be drawn of a perfect property 
right, holding all four attributes completely. Property rights that are less perfect will have other characteristic 
footprints. 

For the measurability we use numerical values between 0 and 1 and a functional form (see below) for 
calculating a combined value of property right quality, which Arnason (2000, 2007) calls the Q-value or Q-
measure. Incorporated in each characteristic is enforceability such that poor enforcement results in lower 
score for the attribute. The arrows represent the dimensions of the property right, and do not imply 
interactions between the characteristics. 

The footprint of the attributes of a perfect property right represents the outer boundary for characteristic 
footprint of all property rights, and the corresponding characteristic footprint of any actual property right in 
the same space of attributes must be completely contained within this rectangle, as illustrated in Figure 1 
(reprinted from Arnason, 2005). 

 

 
48 Instead of divisibility, in the literature this is sometimes referred to as “partibility”, “fragmentability”, or “separability”. 
Scott (2008) emphasizes that divisibility is not the same as transferability in parts, divisibility can be much more 
complicated. Scott in fact distinguishes between three kinds of divisibility: Horizontal, vertical, and multiple-use 
divisibility.  
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Figure 1. The characteristic footprint of a property right 

As property rights is multi-dimensional in nature, it may be useful to have a unidimensional numerical 
measure of the quality of a property right. One such measure is the ratio of the area of the characteristic 
footprint of the property right to that of a perfect property right. This measure, however, would treat all the 
attributes of the property right equally, which may not seem a reasonable premise.  

Arnason (2000) suggested a flexible and numerical measure of property rights quality with his so-called Q-
measure of property rights quality. For the four property rights characteristics above, his Q-measure is 
defined by the expression:  

 Q ≡ Sα⋅Eβ⋅Dγ⋅(w1⋅+ w2⋅Tδ), α, β, γ, δ, w1, w2>0 and w1 + w2 =1 

where S denotes security, E exclusivity, D duration and T transferability. α, β, γ, δ, w1 and w2 are parameters, 
where either w2 or w1 is independent.  

This Q-measure is nonnegative and takes on values in the interval [0,1]. The first three characteristics 
(security, durability, and exclusivity) are deemed essential here, such that if any one of them is zero, the 
overall property right quality, the Q-value, is also zero. The fourth, transferability, is, however, non-essential. 
Even if there is no (zero) transferability, the property right may still be valuable and have a positive Q-value. 
A Q-value of unity means that the property right is perfect, and a Q-value of zero means that the property 
right has no quality and is therefore worthless. 

For application of the Q-measure, the independent parameters must be specified. An appropriate 
specification would reflect the relative contribution of each attribute to the property rights quality, which 
depends on a researcher’s conception and an empirical assessment. Here, we follow Arnason (2007) in 
setting the following specifications: α = β = γ = 1/3 and δ = 1. These basically give equal weight to all four 
attributes. And w1 = 0,6 and w2 = 0,4 gives slightly more weight to the three attributes other than 
transferability, as the latter is assumed non-essential. Transferability being non-essential should not be 
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mistaken to imply that transferability is less important than the other attributes.49 Being non-essential only 
means that even without transferability the use right can have a positive value for the holder. 

2.3.2. The quality of property rights and economic efficiency 
Economic theory suggests a strong positive relationship between property rights and economic efficiency. 
Standard microeconomics basically assumes that perfect property rights generate full economic efficiency 
(see e.g., Furubotn and Richter 2010; Barzel 1997). Economic logic suggests that property rights of zero 
quality would result in very low economic efficiency. There will be little if any production if no-one is able to 
hold onto anything durable, he produces.  

Based on economic theory Arnason (2000, 2007) postulates the relationship between these characteristics 
of property rights, the Q-value, and economic efficiency: The more of the characteristics (higher score on 
each one) may lead to better functioning property rights.50 Employing the above logic and assuming 
continuity, it seems probable that economic efficiency would increase monotonically with property rights 
quality. This means that any strengthening of a property right, i.e., improvement along any of its 
characteristics, will increase economic efficiency. And vice versa, any weakening of a property right along any 
of its characteristics will lead to reduced economic efficiency.  

It also seems reasonable to assume that this increase may be hypothesized as a S-shaped curve.51 This S-
shape relates the Q-value to economic efficiency, which could alternatively describe increased value of the 
property rights. This S-shape in way suggests that there are “shifts” in the Q-value, even if we assume that 
there are none in each of the attributes which the Q-value is based on. These shifts in the Q-value, in relation 
to efficiency, could imply that the user rights/property rights are “lumpy”. So, as we move from WURFs to 
SURFs we are basically describing different structured bundles or lumpy packages of property bounded by 
different scores for the attributes.52 

3. Application to fisheries  
This relationship between the quality of property rights and efficiency in resource use also applies to fisheries. 
The effectiveness of fisheries governance systems in generating efficiency depends on the quality of the 
property rights defined by the management system. This approach may be useful if it makes it easier to assess 
the changes in property rights quality associated with a proposed change in the governance system, rather 
than having to investigate the proposed system more directly (Arnason, 2012). The quality of property rights 
index, the Q-measure above, provides us with a direct way to assess numerically the quality of user rights in 

 

 
49 In fact, transferability is more important than the other attributes, given the values in the equation here. If the value 
of transferability is set at zero, and the other three attributes at unity each, the equation will result in a Q-value equal 
to 0,6. As to whether transferability should weigh more (or less) is in the end an empirical matter and could depend on 
what the situation of the utilization of a particular resource is. 
50 No claim is made that that the Q-value is a sufficient measure for property rights attributes. 
51 See Arnason and Runolfsson (2023a) and Arnason (2007). 
52 This relates to discussion by legal scholars that property rights are in way “standardized”. They do not just come in 
any shape or form. See Smith (2012), Chang and Smith (2012), and Fennell (2012). 
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fisheries. We now relate the attributes of the Q-measure to fisheries and fishing rights, and particularly 
IQs/ITQs. 

3.1. Security 

The security attribute basically looks at what a fisher can expect at the start of the year or period concerning 
the security of access to a fishery or the right to catch a certain volume of fish or share of a TAC. The attribute 
should secure right holders both from other potential claimants and the government, and enforcement of 
the title. 

Good security allows the holder of property right to receive payoff of improvements or increased value of 
the right, such as when the value of the underlying resource increases either due to higher prices, larger fish 
stocks or increased productivity. 

Uncertain volume or share affects this attribute.53 For example, if a fisher faces a decreasing share over the 
time of the rights duration that would manifest itself as weaker security of that right.  

3.2. Duration 

In the fisheries, the concept of duration may create some confusion between two meanings: the length of 
time during which the rules and specification will not be changed; and the length of the period until a 
particular harvest right holder’s entitlement lapses. These concepts are slippery. For systems of IQs/ITQs, 
most governments’ long-term quota rights convey an entitlement to a volume (share) of a total variable 
catch. A holder’s percentage of the TAC would remain unchanged, but the TAC for all quota-holders may be 
reduced or increased periodically between fishing seasons (fishing years). By changing the TAC the 
government administrators whose business, it is to manipulate the pressure on the stock can adjust the catch 
to which each holder is entitled without the hassle of introducing and disposing of new entitlements, i.e., 
new quotas.  

Duration usually refers to the period or time within which the holder may carry on his resource use. Duration 
can range from indeterminate or permanent to being limited to months or years. 

3.3. Exclusivity 

A right of a fisher to go out fishing has exclusivity reciprocal to the number of other fishers with the same 
right. An individual quota holder has a right to a specified volume of harvest from a given stock of fish over a 
certain period. When it comes to the actual harvesting, however, exclusivity refers only to his ability take this 
harvest in the way he prefers and to prevent others from interfering with this ability. Any government 
regulations that restrict fishing would also subtract from this ability. The same applies to the actions of other 
fishers that may interfere with his ability to harvest his quota in various ways. 

An individual quota right thus generally provides some or even much exclusivity on harvesting but 
substantially less than full exclusivity to the relevant asset, the fish stock, and its marine environment. It 

 

 
53 The TAC for any species may of course increase or decrease from period to period (year to year) based on good 
scientific advice and other relevant knowledge. Such variations in the TAC(s) of course affect the volume of catch a 
holder of an IQ/ITQ may harvest but these should be somewhat predictable. 
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should also be noted that the ability to enforce the exclusive right is important to exclusivity. In most cases 
it is the government assumes the role of managing the pressure and utilization of the fish stock(s) and the 
marine environment. Government also has the role of enforcing the exclusivity of harvesters’ rights and the 
limits to their “property”.54 Most fisheries are no longer open access and at least have regulated access or 
even more restrictive access through special licensing, and in the less developed world there may be various 
common-pool arrangements. 

Frequently the government decides on the TACs for the various species and has the task of enforcing the 
TACs. The results of the governments decisions and enforcement can either reduce or increase the 
externalities for the holders of harvesting rights, both the externalities that result from the number of fishers 
sharing the same fish stocks and the externalities that result from the fact the various “fish species” feed off 
each other. TACs for any species may of course increase or decrease from period to period (year to year) 
based on scientific advice and other relevant knowledge. Such variations in the TAC(s) only affect the volume 
of catch a holder of an IQ/ITQ may harvest.  

The constant percentage of an ITQ regime, the volume of fish a vessel may land is curtailed by the owner’s 
quota and is perhaps the defining characteristic and major benefit of exclusivity. The individual quota right 
still does provide much exclusivity on harvesting a share, a certain volume of fish. But as detailed above, the 
individual quota provides substantially less exclusivity to the relevant asset; the fish stock(s). Fewer vessels 
make the fishery more exclusive and increased number of vessels does the opposite, reduce exclusivity. 
Loose enforcement of the TAC by the government lessens this exclusivity, beyond what it would otherwise 
be.  

Such lack of exclusivity may be described as a seizure of output (Arnason, 2007). One example of such 
“seizure of output” is in the form of special tax on quotas or catch. Sometimes governments attempt to 
capture “rents” from the more profitable fisheries that result from strong user rights. Such taxation, 
sometimes referred to as resource rent or fishing fee, seizes some of the catch value and thereby weakens 
the exclusivity of user rights. 

Flexibility may also be important. It may refer to the flexibility in some ITQ systems that allow fishers to land 
a catch more than their quota, sometimes up to 10% above their quota in any one year (Devlin and Grafton 
1998, Scott 2008). These extra landings are then deducted from the following’s year quota, and the same 
may apply to carryover of unused quota from one season to the next. Another flexibility, and an incentive at 
the same time, may be found in that fishers can land catch above quota and keep 50% of the value of those 
landings. Although these authors are (in)directly referring to the rules of the New Zealand fisheries 
management system, which is based on ITQs, the Icelandic system has some similar provisions, as detailed 
below. 

3.4. Transferability 

Transferability of exclusive fishing rights offers fishers an opportunity to retire without losing all future 
income of staying in. It thereby offers opportunities to more qualified fisher, or newcomers. Restricting 

 

 
54 Depending on the nature of the resource and the property regime for its utilization, management and enforcement 
may be completely combined or separate. 
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tradability can prevent this by distorting the price signal. Transferability works as a selective process and 
creates incentives for cost savings in the fishery. It selects the productive ones and the ones with longer time 
horizons, a longer willingness to wait. A transferable quota system should thereby increase cost efficiency. 

The sale and leasing of quotas signals less catch for those selling and more catch for those buying. In a 
relatively small fishery transfers of quota may of course lead to concentration of quotas. This concentration 
can, in addition to the above-mentioned reasons, be the result of scale economies. Increased concentration 
may be economically feasible but meet opposition and restrictions being put in place. 

Divisibility allows quota holders to trade portions of their quota shares of their long-term or permanent 
quota, or to trade portions of their annual quota volume. This is important because most trades are marginal, 
where sellers sell or lease a small portion of their quota and buyers have the same approach. 

3.5. Fishing rights, user rights, and property rights 

User rights with high property rights Q-value are here considered as strong user rights and those with low Q-
values as weak user rights. In terms of harvest and stock control, these rights can be weak (low quality) or 
strong (high quality). Strong or high-quality user rights in fisheries confer to the holder a high degree of 
control over the volume of harvest and other measures that affect the evolution of the fish stocks. The more 
secure, durable, exclusive, and transferable the ITQs are, the higher the Q-measure and the complete is the 
property right.  

ITQs are a usufruct right, a right to fish, not a right to the stock or the ocean habitat. The ITQ defines a 
property right in harvesting volume, a share of the total allowable catch (TAC). Being extraction rights, ITQs 
are only a very indirect property in underlying resources. 

Even though such user rights, licenses, and individual quotas, become valuable in a well-organized fishery, 
they may not have features that most property has, such as allowing the “owner” to put the “property right” 
as collateral,55 or being directly inheritable. It is still proper to refer to ITQs as a property right even if this 
property right is not as strong or complete as a property right to the underlying asset. But it may be more 
appropriate to refer to property as the law of things (Smith 2012) and “things” seems to assume a physical 
object, such as land, jewellery, clothes, food, etc. These may seem more prototypical properties. Some 
“things” may seem more detached and intangible, such as water rights, information, intellectual property, 
and rights in common pools. These may be described as semi-commons and for these governance rules may 
be of more importance. As for ITQs, a legal regime that defines the rights is of great importance and the law 
even plays a larger role.56 

 

 
55 They are therefore an example of dead capital in de Soto’s terminology (de Soto 2000). 
56 Merrill and Smith (2019, 139) state: “When we get to the intangible rights important to modern economies, the law 
often plays a larger role, to the point that the law is entirely responsible for delineating some set of interests as things. 
The adoption of individual tradeable quotas (ITQs) for harvesting fish, for example, is entirely dependent on the 
enactment of a legal regime that defines the rights, allocates them among potentially interested parties, and provides 
a mechanism for their enforcement and exchange.” 



69 

 

4. Evolution of the fisheries management system in Iceland 
Iceland had become an affluent society by the 1980s and 1990s, but the economy was still heavily dependent 
on the fisheries. Exports of fish products accounted for around 80% of the commodity exports and 50% of 
the foreign exchange earnings. The direct contribution of the fishing industry to Gross domestic product 
(GDP) was between 15-20%, but total contribution (direct and indirect) was estimated to be as high as 45% 
of GDP. In other words, without the fisheries Iceland’s GDP would be only about 60% of the actual GDP 
(Arnason 1995, 85-86). The fishing industry’s size relative to the whole economy meant that any fisheries' 
policy had far-reaching implications for the economy and was a major determinant of personal incomes and 
income distribution. In many parts of the country the fishing industry was virtually the only basis for economic 
activity. Because of this anything that affected the fishing industry had a regional aspect that was often very 
potent politically. Fisheries management was therefore a major component of the public discourse and on 
the formulation of Iceland’s economic and regional policy (Runolfsson 1999). 

The Icelandic fisheries were, for all intents and purposes, international, and common property fisheries 
before the extension of the fisheries jurisdiction, the economic exclusive zone (EEZ), from 12 to 50 miles in 
1972 and to 200 miles in 1975. Foreign fishing fleets featured prominently on the fishing grounds, taking 
almost half of the demersal catch. The extension of the fisheries jurisdiction all but eliminated foreign 
participation in the Icelandic fisheries.57 For this reason, fishery management before the extension of the 
fishing limits to 200 miles was limited. With the de facto recognition of the exclusive 200-mile zone, the 
situation changed.  

The development of the Icelandic fisheries in the post-war era therefore closely followed the path predicted 
for an open access fishery, exhibiting increasingly excessive fishing capital and effort compared to 
reproductive capacity of the fish stocks. The decline in the economic performance of the Icelandic fisheries 
did not go unnoticed , and in fact, over the years, various measures were taken by governments attempting 
to counter this. 
After the extension of the EEZ to 200 miles, the cod fishery, the most important demersal fishery, was 
subjected to an overall catch quota (TAC). Initial management measures taken in the demersal fisheries 
following the EEZ extension were inadequate and did not alter the common property nature of these 
fisheries. Domestic fishers still had to compete for shares in the catch. The annual TAC recommended by the 
marine biologists at the Marine Research Institute (MRI), a state institution, were not always accepted or 
enforced by the government. Restrictions on effort, taking the form of limited allowable fishing days for each 
vessel, were introduced in 1977, supposedly to limit both effort and catch. The demersal fishing fleet, 
however, continued to grow both through investment in improvements of existing vessels and building new 
vessels, as entry was still allowed and possible. This resulted in the allowable number of fishing days for each 
vessel being reduced from year to year. 

 

 
57 Iceland fought three ’cod wars’ with the United Kingdom in 1958-1976, or each time the EEZ was unilaterally 
extended: to 12 nautical miles in 1958, 50 miles in 1972, and 200 miles in 1975. An agreement eventually concluded 
each episode and the last of the British trawlers left the Icelandic EEZ by December 1976. See Thor (1995). 
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The growth in fishing capital employed in the Icelandic fisheries outpaced the increase in catch values by a 
factor of more than four in 1945-1983, increasing by more than 1200% while real catch values only increased 
by 300% in this period. In other words, the output-capital ratio in 1983 was less than one-third of the 1945 
ratio (Runolfsson, 1999). 

It became apparent that the size of the fishing fleet, at least in terms of number of vessels and power, was 
beyond the yield of the fishery.58 And, even if successive governments adopted a policy of “no new vessels”, 
that policy was not enforced. The only restriction on the entry of additional vessels was access to finance, 
which was in that period heavily controlled by the government financial institutions and affected by the 
political process.59 

The herring fishery was closed in 1972 and three years later the moratorium fishery was lifted.60 Only vessels 
with a catch history in the 1960s were eligible to apply for licenses. The larger of these vessels, using purse 
seine gear, could apply for a quota license, while the smaller vessels could apply for driftnet license.61 The 
TAC was split, half for the purse seiners and half for the drift netters. The purse seiners share in the TAC was 
then allocated in equal size (volume) quotas to each licensed vessel, while there was a common TAC for the 
drift netters. In subsequent years the share in the TAC for the drift netters declined slowly and eventually to 
zero, mostly because interest disappeared as it became less profitable. During the decade from 1975 total 
herring catch was more than the TAC each season. The vessel quota in the herring purse seine fishery only 
had seasonal duration from the reopening and up till 1990.  

  

 

 
58 Economists and other people in academia published studies and organized conferences where they presented results 
that supported reducing fishing effort and a smaller fishing fleet. These results were of course not accepted but by a 
few. 
59 For a more thorough description of the evolution of the fisheries management system in Iceland, see Runolfsson and 
Arnason (1997), Runolfsson (1999; 2017), and Arnason (2005). 
60 The moratorium was the policy response to attempt to rebuild the herring stocks after their collapse in 1968-1971. 
Harvesting from the Icelandic summer spawning herring stock was resumed in 1975. 
61 Some of the smaller vessels used bottom set gillnets.  
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Table 1. Chronology of key steps in the evolution of fisheries management in Iceland  

Year Key steps in Icelandic fisheries management 
1975 The herring fishery: Individual vessel quotas (TAC) for purse seine vessels 
1977 The demersal fisheries: Total cod quota (TAC) and individual effort restrictions 
1980 The capelin industry: Individual vessel quotas (TAC) 
1984 The demersal fisheries: Individual transferable vessel quotas for larger vessels 
1985 The demersal fisheries: Effort quotas option for larger vessels expanded 
1988 Transferable vessel quotas in all fisheries for larger vessels. Effort quota option retained 

1991 A complete uniform system of transferable quotas in all fisheries for all but smaller vessels 
(under 6 GRT) 

2004 Separate ITQ system for “smaller vessels” (all major fisheries subject to ITQs) 
2004 Special taxation (fishing fee) on quotas (catch) 
2009 Open access summer coastal fishery for smaller vessels (common TAC) 
2010 Large increase in fishing tax 

2011  Vessels return 5.3% of all quotas each year to government for Summer derby fishery, regional 
quotas, etc. 

2018 New legislation on fishing tax 

The same applied in the capelin fishery in the first years after vessel quotas were put in place. For the cod 
and bottom fish, where IQs were first allocated in 1984, the duration was for one year, then two, and later 
three years, before they became permanent or indefinite duration in 1991. Despite the short duration, these 
IQs were transferable (ITQs) within the fish quota year in the 1980s. Their short duration before 1991 likely 
affected their value. Even so, many vessel owners likely formed expectations rather quickly that the ITQs 
would eventually become permanent. 

4.1. Vessel quotas in the fisheries 

Despite the increasing number of vessels and volatility of catches, expectations may have seemed largely 
unchanged up until the Fall of 1983. The marine biologists at the MRI then issued another “black report” on 
the state of the demersal fisheries.62 Their recommendation was a cut in the TAC for cod by nearly 50% for 
1984caompaed to previous years. This time there was a dramatic response, in that the government with the 
support of the association of vessel owners introduced a vessel quota system as a temporary measure to be 
applied for the fishing (calendar) year 1984. All fishing vessels larger than 10 Gross registered tons (GRT) 
would receive an individual vessel quota based on their volume and share of the catch in 1981-1983. The 
fleet of small vessels, under 10 GRT, had been marginal in the fisheries, averaging less than 3% of the cod 
catch in previous years. 

Therefore, the main fleet of fishing vessels operated in a vessel quota system in 1984. This system was 
supposed to be temporary for one year only, and the score on durability is therefore quite low. But the quotas 
were quite secure for this short period (note the high score on security in table 2 below).  

Leasing of the vessel quotas was allowed, with some restrictions. These vessel quotas were considered a 
temporary arrangement and therefore transfers of quota shares were not allowed. With the sale of a vessel, 

 

 
62 The first of these appeared in 1975, at the time of the extension to 200 miles. 



72 

 

or the company that owned the vessel, a transfer of quota shares in fact took place, as the quotas were 
attached to the vessels, but they were not formally divisible. The score on transferability is therefore 
somewhat high.  

Along with the introduction of vessel quotas for all but the small vessels, licensing was introduced. Entrance 
of new vessels, larger than 10 GRT, was not allowed unless a similar sized vessel was retired.63 This meant 
that no additional vessels were able to enter the quota system, and in fact regulations incentivized the 
retirement of vessels as the only way to bring in larger size vessels was to remove the same volume in GRT 
from the fleet. 

Only licensed vessels with quota could catch cod and other major demersal species in 1984, so exclusivity in 
this vessel quota system was much more than in the previous open access system. But there was less perfect 
exclusivity on at least three fronts. First, the TAC was set above that recommended by the fisheries biologists. 
Second, it was assumed that the small vessels with their implicit low TAC would be limited to that volume. 
Neither TAC held, the total catch was beyond both TACs. The small vessel catch was higher than their TAC 
and the catch of larger vessels was also higher. Third, export of unprocessed catch was penalized by 25% of 
quota volume, which also decreases exclusivity. In addition, there was no change to other regulations 
concerning gear, areas, etc. that were in place in previous years. 

The system of vessel quotas put in place in 1984 was supposed to be temporary for one year. In fact, it was 
extended again and again; first for the year 1985, then for two years, 1986-1987, and finally for three years, 
1988-1990. On each extension there were changes, especially concerning the offering for effort restrictions. 
These effort restrictions allowed a vessel to increase catch beyond their allocated quota, but with a cap. As 
a result, more than 25% of larger vessels chose effort restrictions in 1985, between 50-60% of vessels in 1986-
1987, and close to 40% in 1988-1990. 

The number of small vessels also increased in 1984-1990 and so did their share in the total catch of all major 
demersal species. By the end of that decade their number went above 2000 from less than 1000 at the 
beginning of the 1980s. Their share in the cod catch had been estimated around 3% in 1981-1982 but was 
close to 15% in 1990.  

4.2. A comprehensive ITQ system for larger vessels from 1991 

The experience with the vessel quota system in 1984-1990 finally led to the introduction of a somewhat 
comprehensive ITQ system in 1991.64 The new legislation did not have a sunset clause, so in effect it 
introduced quotas with indefinite duration. But there was an amendment in the legislation that required a 
review of the system within two years,65 and that amendment tempered expectations regarding 
permanence. The new legislation also incorporated all vessels between 6-10 GRT in size into the ITQ system 
but leaving smaller vessels outside. Those vessels, smaller than 6 GRT, were restricted to hook-and-line gear 
and had a common TAC in cod. That TAC remained unenforced and in addition these vessels began seeking 

 

 
63 An exemption was the entrance of 3 new vessels that the government had commissioned and built at domestic 
shipbuilding companies. 
64 A bill was introduced in 1990, the law taking effect on January 1st, 1991. 
65 The review was completed in 1993 and changes were made to the legislation with effective date September 1st, in 
1994. 
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increased catches in other demersal species, especially haddock, ling, tusk, and catfish. The catches of these 
vessels over the next decade were therefore much higher than anticipated. The government met this more 
with accommodation, weighing political interests, rather than limiting their catch. This therefore both 
decreased security of the ITQs and exclusivity. Catches in most years were beyond the allowable TAC. There 
were still way too many vessels trying to catch a decreasing volume of fish, with shrinking stocks. Note the 
score on exclusivity in table 2. 

The fisheries management legislation restricts export of raw unprocessed fish by penalizing up to 25% of 
volume exported, although decreasing by 15-20% in volume, depending on species. Fishing firms exporting 
unprocessed catch were automatically penalized by having their fishing quotas reduced by that volume. 66 

In the government’s role as manager of the utilization of the fish stock(s) it continued also to set regulations 
that reduce the exclusivity of the quotas, such as confining vessels to specific fishing areas (or excluding 
areas), fishing seasons (or closing sub-seasons for some species), gear, the size/age of fish (juvenile fish), and 
the handling and care of the catch. 

The new system of 1991 allowed transfers of quota shares, where ITQ shares were now both divisible and 
transferable. There were some restrictions regarding sale of quotas/vessel between municipalities, but they 
rarely intervened.67 A new restriction was introduced concerning the leasing of quota, as now all vessels had 
to utilize a minimum of 25% of their quota every other year. Later this was increased, and each vessel must, 
from 2013, utilize a minimum of 50% of its quota each year for his vessel to keep the quota share. This means 
that vessel must be operated and harvest half its quota each year. This restricts the ability of a vessel owner 
in leasing only half his quota each year. In the early days of the system this was less restrictive as the rule 
applied every other year. 

A quotas must be attached to vessels and no vessel should have more quota registered to its name than the 
vessel can reasonably catch during the fishing year. This limits the number of individuals and firms that quota 
holders can trade quota with. And there is also a cap on the share of quota any individual or firm can own, 
which also reduces transferability. As quotas become more concentrated the number of potential traders 
diminishes and limits transfers. 

Government and its agencies, such as the Tax Office, do look on the ITQs as valuable “assets” and treat them 
as such for tax purposes. Revenues from the lease or sale of ITQs is taxable income. And when it comes to 
collateral, financial institutions do assess the value of these rights when they look at the value of vessels as 
collateral for loans, and in divorce or inheritance cases the courts also look to the value of these rights. So 
indirectly at least, these rights seem to pass as property in above.68 

 

 
66 The penalty was 25% in 1984, 10% in 1985-1986, 15% in 1988-1990, 20% for cod and haddock but 15% for other 
species from 1991. The penalty was then reduced to 10% in 2000, and then abolished in 2009, to be reinstated at 5% in 
2010. To clarify, the fisheries management act still has an article that permits the Ministry supervising the fisheries to 
put in a regulation a penalty for the export of unprocessed catch of up to 15-20%, depending on species. The Ministry 
has not implemented any penalty since the 2020/2021 fishing year.  
67 Community pre-emption but seldom exercised. 
68 ITQ-shares bought before 1996 could be depreciated as other investment by 6%-8% per year, or the same as applies 
for the fishing vessels. ITQ shares bought in 1996 or later are not depreciated.  
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4.3. The increasing share of smaller vessels 

The total share of the larger fishing vessels declined continuously in the early days of the ITQ system. At the 
outset of the ITQ system that evolved from 1984, the share of the main commercial fleet in the cod was more 
than 96% and the small vessel fleet (mostly spring and summer fishing) was informally set at less than 4%. 
No allowance was made in the other five species that were part of the early ITQ system, although it was 
common knowledge that the small vessels could not fish cod without some by-catch. As access of small 
vessels was not restricted at the start and were then only gradually restricted based on vessel size and gear 
type (and even seasonal fishing) their numbers increased and their catch of bottom fish species cut into the 
share of the larger commercial vessels (see figure 2).  

 

Figure 2. Small-vessel cod catch and share in total cod catch 

Some of the small vessels were either incorporated into the main system at various times, as in 1988 and 
1991, or in a separate and continuously evolving system for smaller vessels with restricted gear, as in 1991, 
1996, 2001.69 For most of this period the volume of catch of the small vessels in these species was way 
beyond their TAC share. Not only was there a gradual decline in the share of the TAC that the main 
commercial fleet could catch but also a decline in the share the main commercial fleet would actually catch, 
as the enforcement was lacking in keeping the less restricted small fleet within their allowed TAC. The 
declining share may be described as a lack security from government taking, as total landings of many species 
were well above their TACs for many years. The source of this overfishing lay in the lack of enforcement of 
property rights, resulting in less exclusivity of ITQs. 

 

 
69 The small vessel share of the cod TAC was in fact cut from 13.9% to 13.75% in 1997. But the TAC for cod was increased 
at the same time so the actual volume of cod that the small vessels were allowed to catch increased. And then again, 
their actual catch was more than their allocated share in the TAC.  
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Figure 3. TAC and catch, cod 1976-2021, thousand tonnes 

In the early 2000s there was a major change in the fisheries management legislation that requires all vessels 
to have ITQs.70 In fact, there were now two almost separate systems; one for the larger vessels and one for 
the smaller.71 Both systems had a share in a common TAC for each species, and all major fish species were 
part of the ITQ systems. By 2007 the total number of vessels had decreased in number by more than 50%, 
although they had increased in size and power.72 The TACs for all species were now enforceable, as all vessels 
had ITQs. Total catch was therefore more or less in line with the TACs, as seen in figure 3.  

Note the higher score for exclusivity in table 2. Later, regional quotas, the summer coastal fishery (for small 
vessels that catch fish beyond and/or without quotas), and the smaller “tourist fishing” quota (very small, 
and very restricted gear) and the right of the public to fish (not many do, and there are restrictions on gear) 
that does not count towards the TAC, further cut into the share of the main commercial fishing fleet.73  

4.4. The size of the fishing fleet 

In 1984 there were 667 vessels larger than 10 GRT that received commercial licenses and individual catch 
quotas. Smaller vessels than 10 GRT were categorized as a part-time fleet and those vessels did not require 
licenses in 1984. They would receive an undefined common TAC which was less than 4% of the total TAC for 
the whole fleet. The TAC was also seasonal and about 2/3 were to be fished in the summer. The minister was 
allowed to shut down the small vessel fishery when the TAC was reached, each season. There was an option 

 

 
70 Completed in 2007. 
71 The typical “small vessel” had of course changed very much from the early 1980s. At the outset these vessels were 
“small”, slow, and rather manual in operation of gear. In the 1990s and 2000s the new vessels continued to measure 
“small” in GRT, had much more powerful engines and more automation in gear. 
72 From 2002 the size limit was increased from 6 GRT to 15 GRT and in 2013 to 30 GRT. 
73 Aside from these small vessels cutting into the share of the larger vessels in the TAC, the government also cut into 
their share in establishing the (temporary) Efficiency Fund 1991-1994. 
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for the larger vessels without short or no catch history to receive an effort quota with a cap. This amounted 
to receiving an effort limit of 70% of the average effort of vessels of similar size in previous years and with a 
cap on cod catch which was 15% higher than the average cod quota for vessels in its size class. Only 11 vessels 
chose this option in 1984.74 

In 1991 there were 1433 vessels that received individual catch quotas, thereof 819 small vessels (above 6 
GRT). This is more than double the number of vessels receiving ITQs in 1984 (which were 667). In 1991 the 
“new” comprehensive system included all vessels larger than 6 GRT, which explains the increased number of 
vessels with quotas. In addition, there were another 1127 vessels smaller than 6 GRT that received licenses 
in a mix of effort and cod cap system. Some of these fish without effort restriction but with a cap on the 
volume of cod they could catch. Others were limited by the number of fishing days. These smaller vessels 
were also restricted to using hook and line gear. 

 

Figure 4. Number of fishing vessels in ITQ systems 1991-2020 

By 2020 there were only 175 vessels in the “large vessel system”, down from 1433 in 1991. And in 2020 there 
were only 238 in the “small vessel system”, down from 810 in 2001 (see figure 4). 

4.5. Other developments in fisheries management 

There are rules to provide flexibility for fishers and incentives for behaviour that promotes landing of all catch 
have been adopted in the Icelandic management system. In the early days of the IQ/ITQ system for the 
demersal fishery this flexibility allowed fishers to land up to 5% above quota and carryover 10% between 
periods. This carryover was later increased to 20%, while landings of cod above quota was prohibited. 
Changes later also allowed limited interchange between species, counting landing of one quota species 

 

 
74 There were in fact other effort options in the regulation, but which were not attractive enough for vessels to seek 
those in 1984. This would change in 1985 when these additional effort options were made more attractive, i.e. allowed 
more catch than the volume quotas. 
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against unused quota in other species, although not cod. Similar but lesser volumes of landings and carryover 
were introduced for other non-demersal species. There is some flexibility regarding juvenile/undersize fish, 
to encourage vessels to land that catch instead of discarding it. Although the allowed volume or rather share 
of the total catch of a vessel each trip has been reduced, as well as the financial incentive, there is still 
flexibility, although less than before. 

There are also some rules that may directly reduce flexibility. One may be seen in the requirement of 
increased utilization of its quota. For a vessel to keep its quota share between periods, a vessel in 2013 is 
required to utilize a minimum of 50% of its quota, i.e., the vessel must be operated and harvest half its quota 
each year. In the earlier days of the system there was more flexibility, in that each vessel only had to harvest 
half its quota every other year.75  

A restriction on flexibility is also seen in the cap on the quota share any individual or firm can own. The first 
cap was introduced in the late 1990s. The original cap was 10% for cod, 20% for other species, and 8% of the 
total quota (in cod equivalent terms), or 12% for a firm where no owner has more than 20% of the company 
stock. For the small vessel ITQ system the cap is 4% for cod, 5% for haddock, and 5% of the total. 

Another restriction prevents foreign persons and firms from operating under the Icelandic system.76 Foreign 
entities can therefore not own or lease quotas, which of course limits the number or size of the group that 
Icelandic vessels can trade the quota to. Foreign persons and firms can in fact not own more than a 25% 
share of company stock of any company that owns quota or a company that owns a company that own quota. 

 

 

 
75 The rule allows exceptions: If the vessel is inoperable for a long period because of engine problems or damages, or if 
the vessel is being operated in distant fisheries, they are not required to use as much of their quota. 
76 This does not of course apply to mutual fishing rights that Iceland has made agreements on with other nations, where 
their vessels may catch a negotiated volume in Icelandic waters. 
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Figure 5. Fishing tax and other fees on fishing 1993-2020 

The government introduced a tax on the individual quotas (actually, on harvesting the catch that the quota 
entitles) in 2004. They were low in the beginning but later, in 2010, they increased sharply. It can be argued 
that this tax may be looked on as a restriction for a public good, as the justification for the special tax is to 
give the public “its share” in the resource (see figure 5, and also figure 6). 

There were still restrictions on export of unprocessed catch and the requirement for utilization of quota 
increased to 50% every other year (in 2000). Note that the exclusivity score does not increase all that much.  

The score on security is a little higher in table 2, as the authorities have accommodated the small vessels, 
dealt with regional issues, and the political opposition. The durability score is unchanged as there has been 
no change affecting that characteristic. Transferability score decreases as there are more restrictions 
concerning that characteristic. There is the increased harvest requirement, now 50% every other year. There 
is a cap on the volume of quota that can be attached to a vessel, no more than the vessel can reasonably 
catch in a year. And a cap on quota holding or consolidation of individual firms was introduced. All these limit 
transfers.77 

The government in power in 2009-2013 made some changes to the fisheries management that resulted in 
lower score for some of the attributes and therefore affected the Q-value of the ITQs. One attribute that had 
a higher score was durability, and the reason was that the political parties in power abandoned the idea of 
shortening the duration by such methods as auctioning. The security was lower with the meddling in the ITQ 
share of the TAC, as the legislation now cuts 5.3% into the ITQ of each vessel every year. The legislation 
opened a new derby style (common TAC, not IQs) Summer coastal fishery (strandveiðar) for small vessels 
using hook-gear, as well as increased emphasis on regional quotas.78 This results in a lower score on 
exclusivity of the ITQ system. The 2009-2013 government also increased the tax on quota, the fishing tax, 
substantially, which also lowers the score on exclusivity. Transferability was also reduced with a stricter 
harvest requirement, 50% every year for each vessel (in 2009), instead of 50% every other year before. 

4.6. The political economy of the reform 

As may be inferred from above, the course towards a complete ITQ fisheries management system in Iceland 
has evolved more by trial and error than by design. In most countries - and Iceland is no exception - there is 
a strong social opposition to radical changes in the institutional framework of production and employment. 
A great deal of this opposition derives not from rational arguments but rather from the desire to protect 
traditional values and vested interests. From a socio-political view, Iceland probably had to pass through an 
evolutionary process during which various management methods were tried in different fisheries. The 
knowledge and understanding gained from these experiments were crucial for the eventual acceptance of a 
more efficient ITQ system (Runolfsson 1999). 

At the same time, it should be noted, that the key steps in the evolution of the ITQ system have only been 
taken in response to crises in the respective fisheries, due to a sudden reduction in stock levels or perceived 
reduction. Thus, individual vessel quotas were introduced in the herring fishery following a collapse in the 

 

 
77 As mentioned, a further restriction on transferability is that foreigners cannot hold quota. 
78 On the Summer costal fishery see Gunnlaugsson et.al. (2021) 
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herring stocks and a prolonged moratorium on herring catches. Similarly, vessel quotas in the capelin fishery 
and the ITQ system in the demersal fisheries were introduced in response to a perceived danger of a 
corresponding collapse in the stock levels and a serious financial crisis in these fisheries. 

This pattern reflects the reluctance of members of the fishing industry to accept changes in the traditional 
organisation of the fisheries. Only when faced with a disaster in the form of significant fall in income due to 
fish stock reductions or a drop in the world market price for fish products, have interest groups been willing 
to consider changes in the institutional framework of the fisheries. Rule changes in fisheries are frequently a 
response to crises (Libecap 1989), i.e. lower income for fishermen and in Iceland for a large portion of the 
population.  

Further, as Libecap (1989) argues, the political process of defining and enforcing property rights can be 
divisive because of the distributional implications of different property rights allocations. When influential 
parties cannot be sufficiently compensated through share adjustments in the political process to win their 
support, beneficial institutional change, modified through contracting concessions, may not occur. In Iceland 
there were divisions in the fisheries based on different gear, vessel size, regions, and even species. The 
national association of harvesters (LÍÚ, association of owners of larger vessels) was in fact composed of 
different regional sections as well as gear/size associations, emphasizing somewhat different interests. Then 
in December of 1985, owners of small fishing vessels, not that numerous at that time, formed a national 
association of small vessel owners (Landsamband smábátaeigenda).79 This association grew in number of 
members as they succeeded in exempting their vessels from access restrictions and quotas for some years. 
It was only in the 2000s that access was closed with the introduction of a separate ITQ system for “small” 
vessels.80 

 

 

 
79 Earlier in 1985 several regional associations of small vessel owners had been formed, and in December they formed 
the national association when 35 delegates from the regional sections gathered for this occasion. 
80 The size limit for „small” vessels was 10 GRT before 1991, but 6 GRT from 1991. From 2002 the size limit was increased 
from 6 GRT to 15 GRT and in 2013 to 30 GRT. 
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Figure 6. Profits as % of revenue in the Icelandic fisheries, 1978-2020 

Since 1991, when the comprehensive ITQ system went into effect, there have been substantial improvements 
in economic efficiency of the demersal fisheries. Total fishing effort went down, fishing capital and the 
number of vessels also declined. This reduction in the number of vessels, and increased quota concentration 
at the same time, is financed by the fishing industry itself. The fishing firms buy each other out and improve 
their efficiency, without the state being directly involved or government subsidies.  

The main effect of the ITQ system is to improve the economic efficiency and profitability of the fisheries (see 
figure 6). The Icelandic fisheries are biologically very productive and should be able to generate high 
economic rents. Until the adoption of the vessel quota system, however, comparatively low rents were 
generated in the industry. In fact, during the years preceding the introduction of the vessel quota system in 
the various fisheries industry profits was often highly negative, as seen in figure 6. Since the introduction of 
ITQs the quality of the harvest and profits have improved significantly, and the overall productivity and 
efficiency has therefore increased greatly. 

5. Scoring the different attributes 
Our initial assessment of the evolution of quality score for the different attributes of property rights in 
fisheries in Iceland in the period from 1978 to 2020 is illustrated in table 2. The table shows the overall score 
and the score on each characteristic for selected years, and figure 3 below then shows the evolution of Q-
values for each year during the ITQ period 1984-2020. 

In looking at the scores in table 2, notice the score on security in 1978 and in 1984; both scores 1,0. Although 
there are extremely weak user rights under open access in 1978 the access right is secure. In 1984 the ITQs 
are similarly perfectly secure, as the system only has a duration of 1-year and there is no probability that a 
holder will lose any of his rights. In 1991, 2008, and 2013, the ITQs are permanent but there is some 
probability that a holder will lose some of his share as the government was accommodating the increasing 
catch of the smaller vessels by decreasing the share of the larger vessels in the TACs. 

Exclusivity is very low for the open access fisheries of 1978 but then increases significantly with the 
introduction of ITQs and limited licensing in 1984, 1991, and by 2008 the small vessels are all in an ITQ system. 
The score declined in 2009-2013 with the introduction of the Summer coastal fishery and the hefty increase 
in quota taxes. 

Table 2. Scoring the different attributes 
 1978 1984 1991 2006 2013 2020 
Security 1,00 1,00 0,89 0,95 0,90 0,90 
Exclusivity 0,01 0,60 0,60 0,84 0,65 0,82 
Durability 0,90 0,20 0,80 0,90 0,95 0,90 
Transferability 0,00 0,90 0,91 0,90 0,80 0,82 
Q-value 0,12 0,48 0,73 0,86 0,76 0,82 

Durability is high under open access since that access may be deemed near to permanent. The low score in 
1984 reflects the fact that the ITQs are only one-year, and the score here is arguably too high relative to the 
scores in the latter years in table 2. The score on durability reaches a high in 2013 when the 2009-2013 
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government was ousted, and it seemed, finally, that any political attempt to revoke the ITQs and auctioning 
them off, immediately or over a period. 

As for transferability, the score was, of course, zero in 1978, under open access. In 1984, with the 1-year ITQs 
in place, the score is high as the quotas were fairly freely transferable. The same applies in 1991, when trade 
of both the quota share and the annual quota are mostly unrestricted. In 2013 transferability had become 
more restrictive. 

The quality of the user right in the Icelandic ITQs system, as measured by the Q-value in the table, has 
therefore increased significantly in the period 1978-2008 but then decreased from then until 2013. It is of 
course no surprise that the Q-value increased much from 1978, when there was open access to the 
fisheries,81 to 1984, when licensing and vessel quotas were introduced. But the increase in the Q-value from 
1984 to 1991 marks the change from a temporary, 1–3-year, intervention to a somewhat comprehensive and 
permanent system of rights. The changes from 1991 have in some ways strengthened these rights, increasing 
exclusivity on balance, while somewhat restricting the transferability of these rights. But in 2009-2013 there 
was some reversal, the Q-value declining somewhat, then increasing again in 2014-2020. 

The scores here on attributes should be interpreted as indicative rather than exact. The scores may even be 
more important in reflecting relative changes in the management system than as absolute numbers. Further, 
it should be remembered that the Q-values here are calculated by the q-measure as defined in the 
mathematical expression above. There certain weights are given to each attribute and the Q-values are 
determined by calculating the expression using the scores on the attributes. The weights here are in a sense 
arbitrary, they are the ones Arnason (2000, 2007) put forth but seem reasonable, at least as a first 
approximation. By then employing this approach to a real-world fishery, as attempted in the paper here, we 
may be able to learn how to adjust them. That will be an important task for further research.82 

We have also calculated the Q-value by scoring sub-attributes of the attributes listed and explained above. 
The attempt to score the sub-attributes may be looked at as an attempt to be more “precise” in the scoring. 
The Q-value resulting from the calculation based on the sub-attributes does not differ much from the one 
based on the attributes, as may be seen in figure 7 (see the Appendix for the calculation of the sub-
attributes).83  

5.1. Relation between the quality score and the market value of the ITQs 

In the foregoing we have developed a measure of the quality of user rights in fisheries and applied that 
measure to the evolution of fisheries management in the Icelandic fisheries. We have seen how the score for 
the different attributes has changed with changes in the rights and how the Q-value has increased with those 
changes. How does this change in the Q-values correspond to the value of the fishery? 

 

 
81 There was open access to the 200-mile EEZ for Icelanders only from 1976. 
82 The q-measure and the scoring here can of course be considered subjective, being basically judged by the author 
here. As suggested by a reviewer, it could improve the approach here if a group of additional experts were solicited for 
this task. 
83 The correlation between the Q-value and the Q-value based on attributes is 0,983. 
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One way to see this is to compare the Q-value with the price of quotas, with the value of the fishing rights, 
the annual quotas. In figure 7 we show the value of the quotas in the Icelandic fisheries and the evolution of 
the Q-value in 1984-2020.84 The correlation between the Q-value and quota values, at annual prices, is 0,763, 
and 0,802 between the Q-value and the quota values at fixed 2020 prices.85 So, as expected, there is a strong 
relationship here. The Q-value alone does not explain the quota values, other variables, such as the TACs, 
fish prices, profitability, capital costs, etc., all affect the quota values.86 And some of these, of course, are 
highly correlated themselves. 

 

 

 
84 The Q-values are based on the authors calculation as exemplified in the text above. The quota values are based on 
calculation by Arnason (2008) and by the author here. These values are calculated as the sum of the average share price 
each year by species × the TAC for each species each year for the period 1991-2020. The share prices are inferred from 
lease prices each year × the TAC for each species year for the 1984-1990 period, as there were no share prices in that 
period. Buyers and sellers of quota shares have no obligation to report prices of traded quota shares, although lease 
prices are reported. Even so, information on average monthly or yearly quota share prices may be available from other 
sources, such as quota dealers, financial institutions, accountants, etc. We have collected information on prices from 
the beginning of the ITQ system into a data base. Other researchers have also done so (see reference 65 in Gunnlaugsson 
& Valtysson, 2022). Information on lease prices is available from Directorate of Fisheries (online for 2007-current at 
Fiskistofa.is).  
85 Further, the correlation between the Q-value based on sub-attributes and quota values, at annual prices, is 0,766, 
and 0,806 between the Q-value and the quota values at fixed 2020 prices.  
86 Similarly, the correlation between the Q-value and EBITA profits is 0,728, for this same period. For profits we can look 
at the period 1980-2020, as that is how far back comparable official statistics are available on profits, while quota values 
only go back to the beginning of the ITQs in demersal fisheries in 1984. The correlation between the Q-value and EBITA 
profits is 0,878 for the period 1980-2020. Profitability of the fisheries, EBITA profits, here is based on the ratio of profits 
to income and using an annuity method. See Statistics Iceland (https://statice.is/) 
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Figure 7. Development of Q-value and quota values 1984-2020 

We do not show values for 1978-1983 as there were no tradable rights and therefore no prices to measure 
the value of the open access rights in that period. From 1984 user rights to the vessel quotas had a price and 
we can then calculate the total value of these rights. As may be seen in figure 7 the quotas have little value 
early on. One reason is that they have very short duration, and the Q-value is relatively low. Overall, the value 
of the quotas corresponds rather well with the Q-value in this period 1984-2020.  

There are also other factors that affect the total value of the quotas, such as fish prices and operational 
expenses. Conditions of financial markets and access to finance also have some effect, at least in 2004-2010. 
Nevertheless, the strength of the user right clearly is one of the factors that affect the value of the quotas. 

6. Conclusion  
The economics of property rights has certain clear applications to fisheries management. A fisheries 
governance system based on SURFs provides incentives to harvesters to improve efficiency and increase 
profitability and the value of their quotas. The stronger the user rights, as described by the four attributes 
above, the higher the quality value. The Q-measure, calculated on the score of the attributes, can provide a 
useful indicator on the performance of a fisheries management system. Improved and stronger property 
rights, or as we refer to them, SURFs, can be extremely valuable and important in improving the economics 
of resource use. Several countries have instituted SURFs, often in the form of ITQs or other share systems.87 
Such rights-based fisheries management has proven economically successful. 

Overfishing as a problem in the Icelandic fisheries emerged in the 1970s and 1980s. Government, responding 
only when crisis in the various fisheries emerged, then regulated and restricted access to the fisheries, first 
the pelagic stocks, then the cod fishery, and later the demersal fisheries more generally. Changes in law and 
regulations introduced restricted and licensed access. Vessel quotas were also introduced but were of short 
duration and temporary rights or entitlements initially. For the cod and bottom fish, the duration was for one 
year, then 2 years, and later 3 years, before they became “permanent” or indefinite in duration from 1991. 
Despite the short duration, these IQs were made transferable (ITQs) within each quota fishing period in the 
1980s. This short duration before 1991 most likely affected their value, even though many vessel owners 
formed expectations rather quickly that the ITQs would eventually become permanent.  

The Icelandic experience with the ITQ system is generally favorable. The comprehensive ITQ system for all 
vessels larger than 6 GRT went into effect in 1991 and since then there have been substantial improvements 
in the economic efficiency of the fisheries. Total fishing effort in the demersal fisheries went down more than 
30 percent in the first 10-15 years after the introduction of ITQs (as compared with what it was in 1983). 
Fishing capital, which had increased by more than 400 percent in 1960-1990, declined in 1992-2014, and the 
number of vessels has also declined substantially. This reduction in the number of vessels, and increased 

 

 
87 Arnason (2012) estimated that as much as 25% of the global fisheries harvest occurs in fisheries share systems, such 
as IQs and ITQs. 
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quota consolidation in that period, was financed within the fishing industry, as some fishing firms would buy 
others out and improve their efficiency, without state involvement or government subsidies.  

As might have been expected, the ITQs improved the economic efficiency of a fishery. The Icelandic fisheries 
are biologically very productive and should be able to generate high economic rents. However, up until the 
adoption of the vessel quota system profits were comparatively low. In fact, during the years immediately 
preceding the introduction of the vessel quota system in the various fisheries industry often operated at a 
loss (negative profit). After the introduction of the ITQs the quality of catches improved, fishing effort was 
reduced, and profits significantly improved. The overall productivity and efficiency also increased greatly. 

User right quality in the Icelandic ITQ system, as measured by the Q-measure, increased significantly in the 
period 1978-2007. It is of course no surprise that the Q-value increased much from the late 1970s when there 
was open access, to the late 1980s when licensing and vessel quotas were introduced. The increase in the Q-
value from 1980s to the 1990s marks the change from a temporary intervention to a somewhat 
comprehensive and permanent system of rights. The change from the 1970s to the 1990s can be described 
as an evolution of a governance system from WURFs to SURFs. The changes from 1991 have in some ways 
strengthened these user rights, increasing exclusivity on balance, although somewhat restricting the 
transferability of these rights. In 2009-2013 there was some reversal in this trend to stronger rights, but then 
resumed in 2014 to 2020, when the Q-value has increased again, although not reaching the peak value of 
2008. 

We showed that there is a strong relationship between the Q-value and quota values in the period analyzed 
here, as seen in the high correlation between the two. Clearly the SURFs in the form of ITQs are an important 
factor in increasing the value of the quotas, and the economic profitability and sustainability of the fisheries. 
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Appendix 
As explained in section 3.2.1 above, the Q-measure is defined by the expression:  

 Q ≡ Sα⋅Eβ⋅Dγ⋅(w1⋅+ w2⋅Tδ), α, β, γ, δ, w1, w2>0 and w1 + w2 =1 

where S denotes security, E exclusivity, D duration and T transferability. α, β, γ, δ, w1 and w2 are parameters, 
where either w2 or w1 is independent. This Q-measure is nonnegative and takes on values in the interval [0,1].  

For the sub-attributes we define E, exclusivity, and T, transferability, by looking further at different underlying 
aspects of these. The scores for S, security, and D, duration, are not based on further sub-attributes. 

As for exclusivity, we define E as: 

E = aα⋅bβ⋅cε⋅dδ⋅eγ⋅fη, where α=β= ε=1/4, δ=γ=1/16, and η=1/8, 

where 

a → total share of catch of TAC species in current fishing ear 
b → number of vessels active in current fishing year  
c → tax on quota (inverse score) 
d → restrictions of disposal, exporting unprocessed catch (inverse score) 
e → restrictions on fishing days, season, gear, etc. 
f → flexibility, swap between species, fishing over quota/carryover between fishing years 

And for transferability, we define T as: 

T = gα⋅hβ⋅i ε⋅jδ⋅kγ⋅lη⋅mρ, where α=3/10, β=2/10, and ε=δ=γ=η= ρ=1/10, 

where 

g → transferability of vessel, share, divisibility of share 
h → transferability of annual quota, divisibility of annual quota 
i → restrictions on using share as collateral (inverse) 
j → restrictions on who can hold quota, Icelandic, vessels, government (inverse) 
k → restrictions on consolidation, cap on quota holding (inverse) 
l → requirements on use (harvest), restrictions/cap on quota on vessel (inverse) 
m → community/union pre-emption right to block transfer (inverse) 
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6. User rights for ocean ecosystem conservation88 
Gary D. Libecap89 

 

1. Introduction: Spatial conservation regulation via marine 
protected areas (MPAs)  

International efforts to establish and expand MPAs for conservation follow from a variety of international 
conferences and agreements, beginning with the 1992 UN Conference on Environment and Development 
(UNCED) and the1993 Convention on Biological Diversity. The International Union for the Conservation of 
Nature (IUCN) defined MPAs as “a clearly defined geographical space, recognized, dedicated, and managed, 
through legal or other effective means, to achieve the long-term conservation of nature with associated 
ecosystem services and cultural values” (Spalding and Hale 2016 17).90 The aim is to protect 30% of the 
world’s ocean areas by 2030 from direct or indirect human use. This is an area larger than Europe, Africa, and 
Asia combined. The 2010 Parties to the UN Convention on Biological Diversity (CBD) adopted a Strategic Plan 
for Biodiversity with a ten-year framework to be implemented by all signatory countries to achieve the 

 

 
88 Arguments presented here for user rights in ocean ecosystem conservation draw directly from Gary D. Libecap, 
“Advancing Ocean Ecosystem Conservation via Property Rights, rather than Marine Protected Areas (MPAs)” 13 
Maritime Studies, 2024. Additional insights and material were gained at the conference on Strong User Rights as well as 
subsequently from Gordon Munro and the referee. These additions are much appreciated. 
89 Bren School of Environmental Science and Management, University of California, Santa Barbara, 400 Daly Avenue, 
59801 Montana, United States. E-mail: glibecap@bren.ucsb.edu 
90 https://www.un.org/depts/los/general_assembly/contributions_2014/CBD.pdf. 
https://www.st.nmfs.noaa.gov/ecosystems/ebfm/creating-an-ebfm-management-policy. 

Abstract 
Growing demand to protect at-risk fish species and ecosystems has been met by spatial controls on 
human entry and use through Marine Protected Areas (MPAs). MPAs cover 7.6% of world oceans and 
aim for 30% by 2030 under the Convention for Biological Diversity (CBD) and International Union for 
Conservation of Nature (IUCN). MPAs are Pigouvian-style, polluter-pays, controls with rare direct 
monetary compensation and uncertain projected fishery benefits. They impose differential economic 
costs and benefits and likely are too large, extensive, and restrictive. MPAs often are controversial with 
political pushback, threatening long-term conservation. User rights are superior. Rights holders have a 
stake in conservation and are central in its design. Costs/benefits can be more equally distributed, 
including direct payments that include both costs of transition and contribution to public goods provision. 
Spatial set-asides confront tradeoffs and hence, are more apt to be economically sited and designed. 
Modifications can occur more smoothly through market exchange than through the political process. 
Durable global conservation efforts can be enhanced. 
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Convention’s Biodiversity Targets.91 The IUCN provided a template for MPA design and corresponding zoning 
restrictions to be used in each country.92  

 I argue that in many cases MPAs do not appear to be efficiently designed: They can be too large and 
restrictive, may be inequitable, and may not deliver long-term conservation benefits. Political reaction may 
occur, leading to budget reductions and loss of aggregate support. Empirical examples to illustrate MPA 
processes and outcomes are summarized for the US and Australia. A user rights alternative is outlined. User 
rights are viewed as property rights, even though they are more limited than formal ownership (Hannesson 
2006, 23-27). Proposed institutional arrangements vary from tradable individual user/property rights to 
various types of common property, including augmented TURFS (Territorial Use Rights in Fisheries).  

2. Spatial conservation mandates via MPAs 
IUCN spatial zoning categories to control access and use vary, with some prohibiting all human entry and 
exploitation (no-take), while others allowing for tourism or other multiple, regulated uses. They apply to the 
14,688 MPAs that currently exist worldwide (UNEP-WCMC and IUCN 2016). MPAs cover 7.6% of global 
waters, about the size of North America.93, 94 They vary in size, location, and nature, and range from less than 
1km2 to 1,500,000 km2.95 Most MPAs are small, in areas of existing human use, and implement various levels 
of regulated access to address environmental degradation or dwindling fish stocks. They generally are in 
country exclusive economic zones (EEZs), and most are in waters adjacent to Australia, North America, and 
western Europe. Planned MPAs are to be in waters off Asia, Africa, South America, and elsewhere to meet 
the 30% objective. The US has approximately 1,000 MPAs, covering 26% of the country’s waters, managed 
by NOAA (National Oceanic and Atmospheric Administration). NOAA follows the IUCN definition of an MPA 
in designation, implementation, and management.96 Australia has the most extensive MPA system in the 
world.  

3. The economics and politics of MPA spatial controls 
MPAs generally are imposed, Pigouvian-style mandates. They typically place uncompensated constraints on 
current or potential users as “polluter pays” to achieve biological objectives. Although direct Pigouvian taxes 
are not applied, restricted users bear upfront costs as effective taxes on production. In this regard, MPAs are 
much like other environmental regulation criticized by Coase (1960). Trade-off analysis is not integral in 
Pigouvian approaches. The U.S. Endangered Species Act is an example (P.L. 93-205). As with Pigou (1920) 

 

 
91 Aichi targets were adopted during the UN CBD summit in Nagoya, located in Japan's Aichi prefecture. 
https://www.cbd.int/undb/media/factsheets/undb-factsheet-sp-en.pdf.  
92 See for example the MPA criteria used in Australia in Fitzsimmons and Wescott (2016). See Cochrane (2016, table 4.2, 
55) and Day (2016, table 5.3, 75) for Aichi targets.  
93 In 2016, members of the International Union for Conservation of Nature (IUCN) called for protecting at least  
94 % of the ocean by 2030 through a network of marine protected areas (MPAs) The Our Ocean conference in Malta, 
October 2017, outlined MPA target coverage of 10% of the world’s ocean areas by 2020 with subsequent expansion to 
30% (http://ourocean2017.org//; Wood et al (2008).  
95 https://www.protectedplanet.net/marine. The Marine Conservation Institute provides an MPA atlas and data base, 
https://marine-conservation.org/mpatlas/.  
96 https://marineprotectedareas.noaa.gov/.  
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compensation also is not part of the process. It is rare with MPAs and where it occurs, it appears to be too 
small, relative to the public good claimed for the MPA.  

MPAs in developed countries like the US and Australia are mandated by legislation and regulatory policies to 
implement international accords. Actual regulations are the outcome of the political process where relative 
lobbying strength determines outcomes.97 Costs and benefits are distributed unequally so that using parties 
can be made worse off. Periodic programmatic reviews focus on biological objectives. Absent careful 
cost/benefit analysis in design, the degree of restrictiveness may be set at an inefficient level.  

3.1. Public choice 

Because MPA impose constraints on entry and use, incumbent users are wary of potential MPA designations 
in the ocean areas where their livelihoods depend. MPA advocates engage with local users as consultants. 
They do not have authority to block an MPA. Despite public goods appeals, MPAs are political instruments. 
Politicians react to and depend upon the support of key constituents, and the regulatory bureaucracy 
requires the backing of political mentors and outside lobbyists for mandates and budget authorization, as 
well as information about species and ecosystem conditions (Stigler 1971, 1975; Peltzman 1976; Karpoff 
1987). Further, agency officials may be trained in the natural sciences, rather than in economics or other 
social sciences, and have a disciplinary tie to biological objectives. As tenured officials their livelihoods are 
little affected by MPA constraints, and they may have considerable regulatory discretion (Johnson and 
Libecap 1994, 154-171). Advancing either natural science or human economic concerns where they might 
compete in MPA designation, implementation, and management depends upon the relative lobby influence 
of the constituencies affected and the information provided to politicians and regulatory officials. Unless 
there are competitive interests, there are inherent biases in outcomes (Johnson and Libecap 2001).  

In lobbying politicians for MPAs, advocates may have an advantage. Although there is no public choice 
empirical analysis of the political process behind MPAs, it seems plausible that members of environmental 
NGOs are more highly educated, have higher incomes, greater voter participation rates, and are more 
politically influential than are fishers and residents of fishing communities. The latter likely are poorer, have 
less education, and may be less active politically. Further, if members of regulatory agencies are not 
disinterested parties, then MPAs have internal government support. Finally, in the political process, MPA 
proponents may have lower costs of collective action than do fishers. The former can mobilize around a single 
conservation objective, whereas fishers have far more heterogeneous goals and membership with 
differences in vessels, equipment, target species, location, and activity as commercial, recreational, and 
sports fishers.  

MPA proponents may achieve their preferred conservation objectives via government action, while bearing 
few direct costs. Their costs involve organization and lobbying, but do not include changes in economic 
behavior or on livelihoods as is the case for those regulated by MPAs. There is little or no compensation to 
offset regulatory controls so that directly-affected parties could be made worse off, as suggested by Sallee 
(2019). In the empirical examples below, there have been some adjustment payments for fishing groups in 

 

 
97 For example, consider ethanol which was once touted as providing triple bottom line environmental benefits. The 
legislative history is examined by Johnson and Libecap (2001).  
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Australia, but none in the US example. Projected spillovers of biological stocks from MPAs to outside areas 
often are offered as compensatory benefits. These may or may not play out in a timely, cost/benefit fashion, 
and are dependent upon both endogenous and exogeneous factors, generating considerable uncertainty.  

A Kaldor (1939)/Hicks (1939) criterion for compensation is implicit in MPA policies, where there are few 
actual payments. The global/local public goods delivery is assumed to be so significantly large that offsetting 
payments could be made, but are not necessary as policy justification. If accurate, an implied benefit/cost 
ratio would be well above one. In this case, economic cost/benefit analysis would support MPAs. There are 
obvious distributional effects and disgruntled parties can act to undermine provision of the public good, a 
factor not considered with Kaldor/Hicks.  

Potential public goods benefits can validate lobby efforts of proponents. By contrast when distributional 
effects are not considered, MPA opponents can appear as obstructing the provision of global ecological 
benefits for private gain. Social science remedies for conflict between MPA advocates and users call for 
greater interaction among affected stakeholders to educate and create a common conservation view (Garces 
2013; Bennett and Dearden 2014; Voyer et al 2014; Ca’rcamo et al 2014). Stakeholders, however, is an 
inclusive term, and the interests of the various parties may not coincide with those of current ocean resource 
users.98  

3.2. Cost/benefits distributions  

A mismatch in the distribution of MPA costs and benefits between lobby advocates and administrators, 
relative to regulated users can lead to a lack of compliance and support. It can generate political pushback, 
undermining long-term conservation efforts. When resources are allocated via the political process with no 
tradable property right, any revision and adjustment among competing stakeholders must occur via the 
political process with outcomes determined by relative influence. Outcomes are inherently uncertain, 
unstable, and can be molded by perceptions of inequality.  

Disproportionate distributions encourage those, who receive more benefits than costs, to advocate more 
resource conservation than is cost-effective. By contrast, those who bare more costs than benefits, seek less 
action than would be appropriate and valuable in aggregate. Only balanced distributions encourage cohesion 
and advantageous collective action (Ostrom 1990). Coase (1960) argued that a Pigouvian “polluter pays” tax 
(Pigou 1920) to equate marginal social costs and benefits, placed all adjustment costs on the “polluter,” and 
granted disproportionate benefits to the “pollutee.” The resulting differential incentives lead “pollutees” to 
seek unwarranted outcomes, driving up costs, making marginal net social benefits negative, and lowering 
aggregate welfare. Coase’s counter was to acknowledge the reciprocal nature of externalities across polluters 
and pollutees, assign property rights, and allow for bargaining for mitigation. With exchange, marginal 
willingness-to-pay is equated with marginal willingness-to-accept leading private marginal costs and benefits 
to be equalized, and serious imbalances in costs and benefits avoided.  

 

 
98 As noted in Hannesson (2006, 170), general citizens may bear indirect costs of possible increases in seafood prices or 
a rise in imports from MPA restrictions if they impact important fisheries, and by definition, secure only minimal portions 
of any biological public good. Broad citizen survey results showing support for MPAS are sometimes referenced in the 
literature, but general citizens do not bear direct costs. If they did, their responses might be different. See discussion of 
public support, engagement, and multiple use in Fitzsimons and Westcott (2016, 17, 91, 134, 174, 189).  
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MPA costs are affected by size, infringement on existing fishing areas, spatial fish densities, stock conditions, 
and location of alternative fishing locations and species. They include lower catch-per-unit of effort from 
fishing delays, prohibitions, and redirection; risk with new areas and species; costs of changes in fishing 
capital, labor, and markets; and costs from concentrated fishing along MPA boundaries. Further, there are 
learning costs associated with shifting to new areas; adopting unfamiliar new techniques, equipment, and 
labor; harvesting different species; as well as identifying new marketing outlets and shipping channels. These 
costs are capitalized over any adjustment period and are born directly by fishers and other using groups.  

These costs could be offset by increased subsequent productivity. Offsets could occur if MPAs target 
spawning stock or nursery areas and create enough new production that spillover occurs. Agardy et al (2011), 
however, are skeptical whether reserves can produce substantive spillovers fast enough to overcome both 
costs from physical displacement and perceptions of fishers that they are being unfairly restricted from 
historic, traditional, or most productive fishing grounds. Kolding (2017) suggests that the evidence is limited 
of any increased yields from spillover and recruitment in a timely fashion for fishers. He concludes that MPAs 
are not optimal fishing management tools for sustaining fisheries nor for replenishing fishing grounds with 
enhanced yields as often is argued.  

MPAs also require resources for implementation and maintenance across time. Those resources have 
opportunity costs that will be addressed politically in each country. Shifting budget demands in the absence 
of identifiable, measurable MPA net benefits and local political support weakens their position in budget 
allocation debates, and creates the potential for political reaction and risks for politicians and agency officials.  

3.3. Cost/benefit analysis 

Ex ante and ex post cost/benefit analyses generally are not part of the MPA processes. They are difficult to 
do because of the challenges in benefit and cost measurement. Given their mandated nature and attention 
to biological objectives, there is little incentive among proponents to address economic calculus. Existing 
marine users are advisors, not actual decision holders and cannot demand cost/benefit analysis as a condition 
for implementation. Brander et al (2020) outline a framework for MPA cost/benefit analysis. They do not 
examine specific MPAs, but rather suggestive findings for MPAs globally to meet CBD and IUCN targets. The 
general absence of cost/benefit considerations creates a challenge for MPAs in achieving their conservation 
objectives and in insuring that they are broadly beneficial at the national level. Given the magnitudes involved 
in the 30% target, long-term country welfare considerations via trade-off analysis and political support are 
critical. Attractive fishery benefits may be better achieved by including ecosystem conservation in user rights 
reforms.  

4. Empirical cases 
4.1. The Santa Barbara Channel MPAs 

Guenther (2010) examines the no-take Channel Islands State Marine Reserve (CISMR) with an unusual 
combination of biological and economic data. The CISMR is a network of 10 MPAs established in 2003 and 
expanded in 2007. A marine reserve is defined in California law as an area where consumptive or extractive 
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uses are effectively prohibited and other human interference is minimized for ecosystem and species 
protection and diversity.99  

Environmental NGOs were active in the reserves’ legislation. There was no economic cost/benefit analysis 
(Osmond et al 2010, 42, 43, 48). Rebuilding fisheries was suggested, but was not the primary objective. The 
CISMR was implemented to reduce spiny lobster mortality, increase harvest of sea urchins, and protect kelp 
forests. There was no direct compensation for losses to fishers forced out of the MPAs. There were 60 active 
fishers, and the fishery had been well managed (Guenther 2010, 7). MPA biologists suggested that fishers 
would benefit from greater kelp densities and lobster stocks within the reserves and subsequent migration 
beyond CISMR boundaries. Fishers, who would bear actual upfront costs were less enthusiastic in public 
hearings. Timing was especially critical to fishers because of needed adjustments with ongoing capital and 
labor costs they would have to assume in response to MPA constraints. They could not block the MPAs nor 
seriously modify no-take restrictions once implemented.  

Guenther’s (2010, 120) analysis of surveys and catch panel data 5 years before and after the MPA designation 
reveal that kelp cover and spiny lobster stocks were little affected by the MPA. Further, she estimated a 29% 
loss in individual daily catch in the 5 years after MPA closures and no evidence of spill-overs as an offset. The 
impact was twice the magnitude of catch loss predicted by state and federal regulatory agencies. 20 fishers 
left the fishery over the 10-year study. Interviews indicated that the MPA was a deciding factor in their 
departure (Guenther 2010, 121).  

4.2. Australia MPAs 

Australia has the largest number of MPAs worldwide. It has long experience with them, allowing for 
assessment with cross-sectional evidence, absent with individual MPA case studies. The country’s 272 MPAs 
cover around 36 % of its ocean waters or 7,359,985 km2 with about 10% of the MPA marine area in the IUCN’s 
most restrictive protective categories (Kenchington 2016, 36).100 MPAs and reserves in all 6 states, 2 
territories, and the federal commonwealth are included in a comprehensive survey in Fitzsimons and Wescott 
eds (2016). The MPA network began in 1975 with Great Barrier Reef Marine Park (GBRMP) followed by other 
MPAs, with most added prior to 2013. Overall, the conclusions in Fitzsimons and Wescott (2016) are that 
although biologically-sensitive areas are still missing, the MPA process has stalled due to political reaction 
from user groups. Cochrane’s (2016, 56-61) overview of Australian commonwealth MPAs in the volume 
concludes that political opposition raised compliance and enforcement costs and threatened long-term 
adequate funding, considering competing budget priorities, macroeconomic conditions, and shifting 
electoral cycles.  

The chapter by Boag of the Southeast Australia Trawl Fishing Association (2016, 356-373) claims that the 
fisheries off Southeast Australia were well managed, not requiring MPAs, and that prior trawling had little 
impact on ecosystems. He argues that there was no evidence of biomass increases after MPAs. Even so, 
between 2003-2015 between 39% and 44% of trawl fishing areas were closed. He argues that proponents 
did not understand the capital and equity costs facing fishers and that the value of fishing quotas and licenses 

 

 
99 https://wildlife.ca.gov/Conservation/Marine/MPAs/Definitions.  
100https://www.dcceew.gov.au/sites/default/files/documents/nrsmpa-protect.pdf. 
https://mpatlas.org/countries/AUS.  

https://wildlife.ca.gov/Conservation/Marine/MPAs/Definitions
https://www.dcceew.gov.au/sites/default/files/documents/nrsmpa-protect.pd
https://www.dcceew.gov.au/sites/default/files/documents/nrsmpa-protect.pdf
https://www.dcceew.gov.au/sites/default/files/documents/nrsmpa-protect.pdf
https://www.dcceew.gov.au/sites/default/files/documents/nrsmpa-protect.pdf
https://mpatlas.org/countries/AUS
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were reduced by MPAs. Boag asserts that compensation of $A220 million, including $A184 million in 
buybacks of licenses was insufficient.  

4.3. Great Barrier Reef MPA 

Australia’s Great Barrier Reef Marine Park or MPA (GBRMP) was established in 1975. It covered 350,000 km2 
and imposed restrictions on trawling, seasons, harvest, and minimum catch size. In 2004, the Australian and 
Queensland governments expanded the percentage of the park closed to fishing as no-take from about 5% 
to 33%. At the same time, the state of Queensland designated an additional protected zone. In total, 117,000 
km2 were placed off-limits (Day 2016, 65-74, 81). While biodiversity was the overriding objective, the zoning 
expansion was forecast to bring positive fishery spillover benefits, and government compensation 
expenditures were provided. As part of a Structural Adjustment Package, the funds were paid through the 
buyback of fishing licenses, direct community payments, and subsidies for a switch to tourism. Expenditures 
ultimately were $A250 million (McCook et al 2010; Macintosh et al 2010).  

The compensation has been challenged. Fletcher et al (2015) argue that the payments were too small and 
that large-scale expansion of no-take closures within the Great Barrier Reef did not enhance fishery 
production. Boag (2016, 370) concurs, challenging MPA projections that the 2004 closing of more than 28% 
of the Great Barrier Reef Marine Park would be compensated by fishery rebounds within 3 years. He pointed 
out, however, that 9 years later, such offsetting rebound had not occurred and catch and landed value were 
down 33%. He asserts that initial fishery stocks had not been overexploited or depleted prior to the MPA so 
that there were limited migratory spillovers from the restricted area. Davis (2011), however, argues that the 
fishery payments were excessive. Regardless, the amounts are dwarfed by the national and global public-
good gains, generated in some measure by adjustments in fishing. In an ex-post assessment Deloitte Access 
Economics (2017) and the Great Barrier Reef Foundation reported that the Great Barrier Reef generated $56 
billion in economic, social, and iconic value.101 If fishers had had grandfathered user rights as a group or 
individuals to the reef and bargained with MPA proponents for trawling and other fishery changes, their 
willingness-to-accept would have been closer to a portion of the estimated $56 billion in benefits than the 
transitional adjustments provided by the Australian government. Further, in such a Coasean bargaining 
context, if advocates had had to pay for each additional area to be placed in the MPA, their willingness-to-
pay likely would have been reduced for ecologically-marginal ocean set asides, lowering fishery impacts. 
Overall MPA benefits may not have been much affected, but the MPA likely would have been more suitably 
designed from a cost and political-sustainability perspective. A fairer allocation of benefits and costs likely 
would have resulted.  

 

 
101 Deloitte Access Economics (2017).  
https://www.barrierreef.org/thereef/thevalue#:~:text=More%20than%20the%20jobs%20it,economic%2C%20social%
20and%20iconic%20asset.  
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5. User rights for ocean resource conservation 
5.1. Theory 

Property and markets are well known for their potential application for ecosystem protection. They have 
long been examined rigorously both in theory and in empirical analysis across many settings and time periods 
(Demsetz 1967; Cheung 1970, Williamson 1985, 2009; Barzel 1989; Libecap 1978, 1989; Ostrom 1990; Merrill 
and Smith 2007; North et al 2009; Smith 2012; Acemoglu and Robinson 2012; Wilson 2020, 15). At the same 
time, economists have explored far less the political process and performance of Public Choice factors in 
Pigouvian-style regulation. They generally have been quick to assert public goods and market failure without 
rigorous examination of the institutional alternatives in environmental protection. Transaction costs, equity, 
and ethical norms have been asserted in calls for state intervention. Even so, economists have not carefully 
examined fairness, costs, effectiveness, or tradeoffs in the government alternative to Coasean approaches 
(Medema 2020, 1079).  

A variety of user rights institutions are available depending on the setting (Schlager and Ostrom 1997; 
Schlütter et al 2020). They range from private individual property; group or community (common) property; 
and spatial (common) property like TURFs in fisheries. By assigning ownership to ecosystems and species, 
users are made central to conservation decisions to establish, expand, and manage spatial arrangements. 
Conservationists seeking to protect specific areas would negotiate to buy compliance from users, including 
area set-asides, bans on certain types of trawling or harvest, as well as limits on the inadvertent capture of 
non-target species and juveniles. Conservation would become a joint effort, not a Pigouvian-style regulatory 
tax on one party. It is more likely to secure lasting political support. Coasean-style negotiations would 
determine payments and contractual arrangements. When paid directly for their contributions to the 
provision of public goods, users are motivated to assist in planning, implementation, management, and 
importantly, adjustment in fishing practices. Both parties have a stake in the outcome.  

Through ownership and exchange, the ecosystems and at-risk species become assets, rather than threats. 
Monetized environmental assets can elicit the cooperation of those who know most about the ocean region 
and must adjust behavior as part of proposed conservation. Moreover, and perhaps even more 
fundamentally, market trades force advocates and opponents to confront opportunity costs. Through 
bargaining, economic costs and benefits are weighed by balancing marginal willingness-to-pay and marginal 
willingness-to-accept.  

Users receive incremental net benefits for each area reserved or regulated. Conservationists receive 
incremental net benefits for each area set aside with differential constraints. The exchange takes place so 
long as conservationists perceive value exceeding what fishers demand as compensation and so long as 
fishers perceive monetary gains from incremental adjustments in location, techniques, and species types. 
Flexible ongoing adjustment to new costs and benefit information is feasible, relative to MPAs. Both parties 
have an incentive to negotiate. This market process makes conservation inclusive of key parties, welfare 
improving, and it distributes costs and benefits more evenly.  

5.2. User rights types 

Private property rights (Demsetz 1966, 1967) typically have the lowest decision-making costs (Buchanan and 
Tullock 1962, Olson 1965). This is because, generally only single preferences must be considered in decisions, 
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economic costs and returns determine profitability, and since incentives are aligned, self-enforcement is 
possible. By contrast, group rights or common property often requires the concurrence of members along 
some agreed-upon decision-making rule. As Ostrom (1990) has found, agreement is more likely when the 
group is small, homogeneous in objectives, cost, and information, and entry is restricted. While such 
conditions may apply in specialized cases, more general ones where members are numerous and have 
differing resource goals and production costs, decision making can be slow and cumbersome. Accordingly, 
markets perform most effectively and deliver their advantages most completely with individualized, private 
property (Demsetz 1966). Private property rights, however, may involve high transaction costs in definition, 
allocation, and enforcement (Allen 2000) that influences their costs and benefits. Equity concerns may also 
be raised by nonowners. 

As noted above, common property (Ostrom 1990) appear to have lower transaction costs in the empirical 
cases she examines. With resources held in common, division, marking, and enforcement of separate parcels 
may not be required. Cross-parcel externalities from production and trade may be lowered. Equity concerns 
also may be reduced because ownership is to the group, rather than to individuals. Trade-offs exist, however, 
in higher decision-making costs for resource management and exchange. Internal decision-making rules must 
be devised. They may or may not be equitable and may be complicated in operation. Majority rules, super-
majority rules, or unanimity rules have different assignments of authority and costs within the group.  

As a result, group property and production methods may be less flexible and more static with resource values 
and aggregate wealth lowered. Property held in common may not be easily transferred via the market or 
group production be disciplined by market signals. Market exchange may upset local hierarchies, cohesion, 
and group decision structures. Free riding within the group can undermine adherence to decision rules, 
production, and cohesion (Hannesson 2006, 83). Even so, where individual user rights are not feasible, 
common property is an important option for implementing user rights in ecosystem preservation. 

Even where group membership is larger, but members are similar in production technology, techniques, 
small size, markets, and income from resource use, common property still may be effective. In this case 
individual user rights might not be possible due to high partitioning costs and boundary enforcement among 
large numbers of small-scale producers. With common or community property long-standing group 
arrangements and practices may be better maintained. TURFS as fishery management, for example, could be 
directed in a straightforward manner to private group conservation.  

5.3. TURFs (territorial user rights in fisheries) for conservation 

TURFs designate ocean regions for collective fishery management. They internalize valuable spatial 
externalities. They can provide spatial ecosystem protection if specific species for protection are included for 
group supervision (Cancino et al 2007). When TURF members are owners, they can negotiate with members 
of government agencies and environmental NGOs for non-target stocks and ecosystem conservation and 
compensation (Holland 2018). Using spatial bioeconomic models, Kaffine and Costello (2011) and Costello 
and Kaffine (2017) outline how unitized or group efforts lower the costs of defining, managing, and enforcing 
harvest limits and marine preservation.102 They describe hypothetical market exchanges between 

 

 
102 See Wiggins and Libecap (1985) on the nature and benefits of unitization in natural resource management.  
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conservation NGOs and TURF organizations, and provide illustrative examples of effective private, spatial 
conservation.  

Group property rights arrangements can be more effective in internalizing incentives for ecosystem 
conservation than MPAs. They delegate ecosystem protection to users who can select cost-effect approaches 
and benefit on net from implementing them (Arnason 2008, Helson et al 2010). Christy (1999) and Holland 
(2018, 471-77) describe the advantages of TURFs in fishery management with implications for their use in 
conservation. Collective management for conservation lowers bycatch, discard, habitat impacts, and spatial 
conflicts between user groups.  

If relatively homogeneous, TURFs can create spatial harvest rules and practices to internalize external 
impacts of fishing; they can provide a framework for sharing information on location of vulnerable 
species/systems; they can pool risk and facilitate exchange among members who might inadvertently cause 
ecosystem damage, leading to harvest restrictions and area closures. Helson et al (2010) and (Holland (2018) 
provide empirical examples.  

5.4. Individual user rights for conservation 

 Where individual user rights, such as individual transferable quotas (ITQs), individual vessel quotas (IFQs), 
or individual quotas (IQs) can be established at lower cost, they have advantages over group rights or limited 
entry regulation (Scott 1999). Key features of incentive-based rights systems are not central in MPA policies, 
but seemingly are critical for species and ecosystem protection.103 It is surprising that MPAs as government-
directed controls have not incorporated rights-based systems. Incentive programs were put into place 
considering the general failure of government regulation. They followed insights from Gordon (1954), Scott 
(1955), and Christy (1973). MPAs have not followed that path. Where most successful, user rights have 
documented improvements in fish stocks and incomes (Shotton 1999; Scott 1999; Hannesson 2006; Arnason 
2005, 2007, 2008, 2012; Costello et al 2008; Costello et al 2010; Essington et al 2012; Costello et al 2016; 
Runolfsson 2024).  

 ITQs also have been applied to tradable ecosystem shares. These practices could be expanded for ecosystem 
management previously delegated to MPAs (Holland and Schnier 2006). Where ecosystem impacts were 
included, ITQs demonstrated benefits (Wallace et al 2015, Holland 2018, Reimer and Haynie 2018). Holland 
and Schnier (2006) propose a system of individual habitat quotas (IHQ) to achieve habitat conservation and 
species protection cost effectively and to better incorporate the information held by fishers. Individual 
quotas of habitat impact would be distributed to fishers with an aggregate quota set to maintain targeted 
habitat stocks. The system could be flexible to achieve a desired level of habitat quality without dictating the 
spatial distribution of fishing effort or habitat. Their modelling indicates that an IHQ program with a 
conservatively-established habitat objective is more cost effective for the protection of sessile non-target 
species than a fixed MPA. It allows for adjustment to expand or contract protection. There are variety of ways 
to implement IHQs, but one would be to link them to existing fishery quotas and if the habitat quota is met 

 

 
103 For example, see the following: “Marine management and sustainable fisheries management are critical elements of 
good oceans management, but are not the same as protected areas management, where the primary focus is 
conservation of nature.” https://portals.iucn.org/library/node/48887. 

https://portals.iucn.org/library/node/48887
https://portals.iucn.org/library/node/48887
https://portals.iucn.org/library/node/48887
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for a particular fisher, then that person could secure unused quota from another. If overall habitat quotas 
were exhausted in a year, then fishing would be halted.  

Alternatively, IHQs could be purchased by conservation advocates to raise their value and to encourage 
private species protection by each fisher.  

Total allowable harvests and tradable quotas have existed since 1997 in the British Columbia bottom trawl 
fishery (Wallace et al 2015, L. Grønbæk et al 2023). Along with shares of target fish stock harvests, fishers are 
assigned portions of quota for incidental or bycatch of non-target species or ecological resources. Once 
ecological shares are used, a fisher’s efforts for target species must stop unless additional quota can be 
secured via trade from others who have surplus. Ecological resources and non-target species become assets. 
Conservation is encouraged because excess quota has value for trade. Moreover, since 2012 and industry-
led initiatives, private efforts to protect endangered cold-water corals and sponges off the British Columbia 
with adjustable incidental catch quotas and vessel shares in them have resulted in a “yellow” habitat score 
or better from the Monterey Bay Seafood Watch. This recognition opened the valuable California market to 
the Canadian bottom trawl fishery. A final point is that fishers, who know the most about stock status and 
ocean conditions, have provided the Canadian Department of Fisheries and Oceans (DFO) with ongoing 
information about coral/sponge situations so that quotas can be adjusted. Doing so is in the industry’s 
interest because it protects the species and the Monterey Habitat score.  

After 27 years in operation the cooperative arrangement among fishers to protect at risk species has been 
viewed as a success and example of what is possible elsewhere.104 

Reimer and Haynie (2018) examine the effect of Alaska Steller Sea Lion protection within a similar share 
system. Holland (2018) describes the use of incentive-based systems to achieve biological objectives in the 
Bering Sea and Aleutian Pollock and Pacific whiting fisheries in Alaska. Risk pools of bycatch quota that are 
exchangeable among members have been created to reduce the hazard of inadvertent harvest and potential 
target fishery closure. Similarly, voluntary vessel and fishing license buybacks also are a vehicle for ecosystem 
protection (Holland et al 2017). Purchasers weigh the costs of buybacks with anticipated biological gains and 
fishers weigh payments with lost fishing opportunities.  

5.5. Implementation  

There are mechanisms for shifting from MPAs to user rights. An initial fishery property rights institution, such 
as a TURF or ITQ would have to exist for exchange to occur along the lines laid out by Coase (1960). 
Environmental NGOs and government agencies could negotiate with vessel owners or fishing organizations 
for changes in fishing practices in critical ocean areas. Fishing organizations would designate bargaining 
parties, limit entry, monitor compliance, and distribute relevant costs and benefits of any agreement. 
Conservationists and fishers would bargain over value generation arising from protection. Each would have 
a stake in the process. Study would be required for determination of at-risk areas, targets, timelines, and 
enforcement. This procedure is comparable to the negotiated use of land easements for terrestrial 
conservation (Farmer et al 2011).  

 

 
104 See summary in Grønbæk et al 2023. 
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In areas where there is no current fishing, the ocean region of interest could be mapped and auctioned by 
governments for ecological benefits, in a manner analogous to US offshore oil and gas leasing (Hendricks et 
al 1993, Mead 1994). In other areas, ecological rights could be grandfathered to existing or adjacent 
commercial users. The value of such rights would be based upon potential biological gains. Environmental 
NGOs or governments could purchase or lease ecological property rights to achieve their conservation 
objectives. This market process provides a framework for species protection that is equitable and incentive 
compatible.  

6. Concluding remarks 
As Pigouvian-style conservation directives, MPAs pose disproportionate costs on users and grant 
disproportionate gains to advocates. The setting encourages excessively numerous, large, and restrictive 
MPAs, with few incentives for support or compliance among regulated populations or their political backing 
over the long term. MPAs generally do not make environmental resources assets for local protection, 
investment, and advance. Resident benefits may be limited. Directly affected parties may have little stake in 
MPA outcomes, and generally cannot capture returns from ecosystem improvements beyond asserted, but 
uncertain local fish-stock improvements.  

User rights could result in a more equitable distribution of costs and benefits and advance ecosystem 
conservation. They encourage bargaining over conservation objectives and benefit/cost parameters. They 
make ecosystems valuable assets; encourage effective design of protections; and allow for periodic 
adjustments. Implementation builds upon well-known property and market institutions. User rights have 
been applied in incentive-based fishery management for stock and income gains and expanded to include 
non-target species and ecosystems. They are used for terrestrial conservation. Ecological property rights can 
be granted to existing users. Where there is no current exploitation, ocean areas can be assigned to adjacent 
users or auctioned, much like off-shore oil and gas leases. User rights are the future of ocean ecosystem 
conservation, not MPAs.  
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7. User rights in international fisheries: From UNCLOS 
to the High Seas Treaty 

Gordon R. Munro105 

1. Introduction 
An internationally shared fishery resource is to be defined as a fishery resource that is exploited by two or 
more states. Some 20 years ago, the FAO estimated that such internationally shared fishery resources were 
the basis of not less than one third of marine capture fishery harvests (Munro, et al., 2004). It can be argued 
that this continues to hold true in 2024106.  

With respect to user rights and internationally shared fish fishery resources, one can think of user rights 
existing at two levels. At the first level, there are user rights with respect to the states exploiting the shared 
fishery resources, with such states being coastal states and so called distant water fishing states (DWFSs)107. 
The rights of these states, particularly those of DWFSs, are a matter of great controversy at the present times. 

This author would contend that such user states should be divided into “legitimate” and “illegitimate” users, 
with a “legitimate” user being seen to be a user that acts in accordance with the relevant international 
fisheries law, to be discussed, as applicable to the fishery resources in question. An “illegitimate” user would 
thus be seen as a user that acts in contravention to the aforementioned law. The strength of the rights of the 
“legitimate” users will be seen to rest upon the effectiveness of the cooperation between/among them. 

At the second level, there are user rights for individual fishermen/companies in national fisheries, of which 
ITQ schemes and fisher cooperatives are examples. What is the link, if any, between user rights at the two 
levels? The answer is straightforward. If the strength of “legitimate ”user rights at the first level are weak, 
with the consequence that the international fishery resources are mismanaged, the user rights at the second 
level will be undermined, if not destroyed. 

A simple example is provided for us by the case of a valuable orange roughly fishery resource shared by 
Australia and New Zealand. The two states entered into a cooperative arrangement to manage the resource 
in the late 1990s. Both Australia and New Zealand have exemplary domestic fishery management regimes, 
with strong national user rights schemes. If the cooperative management arrangement had been successful, 
the two states would almost certainly have set up ITQ schemes for their respective shares of the resource. 
The cooperative management arrangement was markedly unsuccessful, the resource crashed108, and, as a 
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106 Some may wish to dispute this assertion. What is beyond dispute is that the fact that internationally shared fish 
stocks serve as the basis for a significant percentage of world marine capture fishery harvests. 
107 A coastal state is a state, which has a significant amount of marine coastline. A DWFS is considered to be a fishing 
state, some of whose fleets operate well beyond the home waters of the state, e.g. Japan, Spain, the PRC (People’s 
Republic of China). A DWFS is also, of course, a coastal state. 
108 In the year 2000, a harvest moratorium for the fishery was declared. The harvest moratorium remains in place at the 
time of writing. 
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consequence, there were no Australian/New Zealand orange roughly ITQ schemes (Bjørndal and Munro, 
2012, pp.186-188).  

The task that lies before us is to examine the conditions that work in favour, and those that work against, 
strong state user rights at the international level, taking the view that strong state user rights provide the 
foundation for strong individual user rights at the national level. A fundamental fact of life is that state user 
rights at the international level do, in other than exceptional circumstances, involve strategic interaction 
between and among the states sharing the international fishery resources. Thus, in examining the 
aforementioned conditions, we must, of necessity, do so through the lens of the theory of strategic 
interaction, more commonly known as game theory. 

In attempting to accomplish this task, we shall proceed in stages by examining first the management of 
internationally shared fishery resources, which are shared by neighbouring coastal states alone, what we 
shall come to refer to as transboundary stocks. At the next stage, we shall examine the more difficult problem 
of managing such resources, which extend beyond the waters of coastal states into the so called high seas, 
where they are subject to exploitation by both coastal states and DWFSs, what we shall come to refer to as 
straddling stocks. We then hope to end up with a set of reasonable and useful conclusions. 

Prior to examining the management of transboundary stocks and straddling stocks, we have some 
groundwork to lay. The management of these internationally shared fishery resources is undertaken within 
a framework of international law, which acts as a constraint, indicating what legally can be done and what 
cannot be done. That framework must be reviewed in detail. Next, since we have stated that our examination 
and analysis is to be done through the lens of game theory, we must have a review of the basics of game 
theory, relevant to the task at hand.  

Let us then now turn to the legal framework for the management of internationally shared fishery resources. 

2. The legal framework 
2.1. The pre 1970s era 

Prior to the mid-1970s, the world’s oceans were divided into two distinct jurisdictional regimes, with the first 
being the coastal state territorial sea, which historically extended three nautical miles from the shore line109. 
The second was everything else, the high seas. Within the territorial sea, the coastal state’s control over 
fishery resources therein was absolute, in stark contrast to the high seas (McRae and Munro, 1989).  

The high seas were, from the mid-17th century, legally governed by the doctrine of the Freedom of the (high) 
Seas. This doctrine, as it applied to fisheries, meant that high seas fishery resources were to be seen as res 
communis, open to all, a true common pool resource. There were two justifications for what must now 
appear to be an extreme position. The first was that it was deemed to be impossible to establish jurisdiction 
over high seas fishery resources. The second was that the high seas fishery resources were seen to be 
inexhaustible (Orrego Vicuña, 1999). Given the state of fishing technology, at least until the early 20th century, 

 

 
109 Later to be extended to twelve nautical miles from the shore line. 



109 

 

the inexhaustibility claim was by no means unreasonable. The high seas resources were protected by 
economics110. 

With ongoing advances in fishing technology and the concomitant fall in fishing costs, it became apparent by 
the 1930s that high seas fishery resources could no longer be seen as inexhaustible. Measure would have to 
be taken to place controls over the harvesting of such resources. Before effective measures could be taken, 
World War II intervened. 

After the end of World War II, attempts were made to address the growing problem of overfishing of high 
seas fishery resources by establishing international high seas cooperative management arrangements, with 
examples being provided by NEAFC (Northeast Atlantic Fisheries Commission) and ICNAF (International 
Commission for the Northwest Atlantic Fisheries). Over time, these, and similar, cooperative management 
arrangements proved to be manifestly inadequate. 

Further, from the end of World War II, there had been attempts by coastal states, led by the United States, 
to extend unilaterally their jurisdiction over marine resources- living and non-living- beyond the territorial 
sea. With respect to fisheries, the move towards unilateral extension by coastal states was greatly 
encouraged by the inadequacies of international management of these resources.  

The move towards the extension of coastal state jurisdiction over marine resources became inexorable. In 
response to this inexorable move, the United Nations decided that it must attempt to impose some degree 
of order on the move, which led to the UN convening a conference on the Law of the Sea in 1958. One such 
conference proved to be insufficient, with the result that there were two more UN conferences on the Law 
of the Sea, one in 1960, and one from 1973 to 1982.  

The First and Second UN Conferences on the Law of the Sea were of little importance to marine capture 
fisheries. The Third UN Conference on the Law of the Sea, 1973-1982, was of profound importance to those 
fisheries. 

2.2. The third UN conference on the law of the sea and marine capture fisheries 

At the beginning of the Conference in 1973, it appeared certain that there would be an extension of coastal 
state rights over fishery resources, beyond the limits of then then existing territorial sea, but there was 
uncertainty as to the extent and the form of the extension. Proposals ranged from those put forward by some 
Latin American coastal states to extend the territorial sea out to 200 nautical miles, to granting coastal states 
preferential, but not ownership, rights to fishery resources beyond three nautical miles (McRae and Munro, 
1989). DWFSs, as exemplified by Japan and the Soviet Union, put forward proposals designed to minimize 
the extension of coastal state rights over the fishery resources (Burke, 1994). 

After two years of hard bargaining and negotiation, an agreement, what might be called the Great 
Compromise, was reached in 1975, to be eventually enshrined in the 1982 UN Law of the Sea Convention 

 

 
110 At the risk of being open to the charge of hair splitting, it can be argued that, if the inexhaustibility claim was justified 
in the earlier era, the high seas fishery resources should have been seen, not as common pool resources - non-
excludable, but rivalrous; but rather as public goods - non-excludable and non- rivalrous. 
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((UNCLOS) (UN,1982), as Part V, Exclusive Economic Zone, and Part VII, the High Seas111. Under Part V, coastal 
states are given the right to establish 200 nautical mile Exclusive Economic Zones (EEZs) off their coasts. 
Within a coastal state EEZ, the fishery resources contained therein are, to all intents and purposes, the 
property of that coastal state (McRae and Munro, 1989). The rights granted to the coastal state over fishery 
resources are greater than preferential rights, but not as great as those within the territorial sea. 

Under Part VII, DWFSs are given the right to harvest fish within the remaining high seas (Article 87(1(e))). 
Those rights are, however, heavily qualified. Under the following articles, Articles 116-120, the DWFSs must 
cooperate with coastal states, and with each other, in the management of the relevant fishery resources (UN, 
1982).  

In 1975, the Conference produced an Informal Single Negotiating Text, to be followed in 1976 by a Revised 
Single Negotiating Text. The Texts were to be seen as drafts of the Convention. The fisheries sections of the 
Negotiating Texts were virtually identical to what ultimately appeared as Parts V and VII of the 1982 UN 
Convention. With the fisheries issues thus firmly settled by 1976, a host of coastal states, e.g. US, members 
of the EU, unilaterally implemented EEZs on January 1, 1977. In the years to come, the EEZ regime was to 
become all but universal. 

With a few exceptions, marine fishery resources are mobile. It was inevitable that the typical EEZ would find 
that some the fishery resources contained therein crossed the EEZ boundary into a neighbouring EEZ or EEZs, 
or to into the adjacent high seas, or both. Thus was born the post 1982 international shared fish stock 
problem. Using UN terminology, we have four categories of internationally shared fish stocks (Munro, et al., 
2004): 

i. transboundary stocks – EEZ to EEZ. 
ii. highly migratory stocks- tuna resources in particular -which, because of their highly migratory nature, 

are found to cross the EEZ boundary into the adjacent high seas. 
iii. straddling stocks – all other fishery resources crossing the EEZ boundary into the adjacent high seas. 
iv. discrete high seas stock 

There is a dispute over the distinction between ii and iii. It has been argued that a distinction between the 
two cannot be made on either biological or economics grounds, and that the distinction was made in the 
Conference at the insistence of DWFSs, which targeted tuna resources, e.g. the United States, and that ii is 
to be seen as a political category (Burke, 1994)112. This author accepts that argument and will henceforth talk 
in terms of three categories: (a) transboundary stocks;(b) straddling stocks, broadly defined; and (c) discrete 
high seas stocks113. 

 

 
111 While the negotiations over fishery matters in the Third UN Conference on the Law of the Sea were complete by the 
mid-1970s, the UN Convention of the Law of the Sea was not ready for signing until December 1982. The reason for the 
gap is found to lie in the difficult negotiations over deep sea mining. 
112 That said, Article 64 in Part V pertains to highly stocks. Under Article 64(2), DWFSs are called upon to cooperate with 
coastal states in the management of highly migratory stocks. This is on top of Articles 116-120 of Part VII. 
113 For a contrary view see: Bjørndal et al., 2024. 
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It is be noted that the categories are not mutually exclusive. While (c), by definition, is exclusive from (a) and 
(b), there are many examples of fish stocks that are both transboundary and straddling (broadly defined) in 
nature. 

Ambassador David Balton, of the United States114, has declared that the 1982 UN Convention of the Law of 
the Sea, which achieved the status of international treaty law in 1994, has become “the fundamental 
document, a bible susceptible to subsequent interpretation and elaboration, but not to contradiction” 
(Balton, 1996, p.135). This proposition has come to be verified over time, and will hereafter be referred to 
by us as Balton’s Law. 

2.3. Post 1982 developments 

In 1982, with the UN Convention of the Law of the Sea up for signing, it was believed that, if the EEZ regime 
became universal, only 10 per cent of the commercially exploitable marine capture fishery resources would 
be found in the remining high seas (Bjørndal and Munro, 2012). Thus, there was no need for concern about 
those high seas fishery resources, or the fact that the management provisions for the resources under Part 
VII of the 1982 Convention were weak. 

This sanguine view of the world proved over the ensuing decade to be wholly unfounded. Case after case of 
overexploitation of straddling stocks (broadly defined) emerged115. The mounting evidence of the inadequacy 
of the provisions of the 1982 UN Convention for the management of the decidedly non-trivial straddling 
stocks (broadly defined), led the UN to convene a second conference, the UN Conference on Straddling Fish 
Stocks and Highly Migratory Fish Stocks116, 1993-1995, popularly referred to as the UN Fish Stocks 
Conference. The Conference brought forth an agreement, popularly referred to as the UN Fish Stocks 
Agreement 1995117.  

Under the terms of the UN Fish Stocks Agreement (UNFSA), the preferred mechanism for the management 
of straddling fish stocks (broadly defined) is that of Regional Fisheries Management Organizations (RFMOs), 
with the recognition that such stocks will have to be managed on a region by region basis. With the distinction 
between straddling stocks, narrowly defined and highly migratory fish stocks being retained, there is a 

 

 
114 Deputy Assistant Secretary for Oceans and Fisheries, US Department of State. 
115 An example is provided by the Alaskan pollock resource in the Bering Sea. This groundfish resource is one of the 
largest single species to be exploited in the North Pacific. Both relevant coastal states, the United States and Russia 
implemented EEZs on opposite sides of the Bering Sea. The two EEZs were not large enough, however, to encompass 
the whole of the Bering Sea. There remained in the middle a substantial high seas enclave, known as the Doughnut Hole. 
Thus, Alaskan pollock is a clear example of a straddling stock. Alaskan pollock resources within the Doughnut Hole were 
exploited by the two coastal states and by several DWFSs, e.g. Japan, PRC. The provisions of the 1982 UN Convention 
proved to wholly inadequate for the management of the Doughnut Hole pollock resources. In the words of the FAO, the 
resource was not just overexploited, it was plundered. In 1992, the USA and Russia persuaded the major DWFSs 
exploiting the Doughnut Hole pollock resources to declare a temporary harvest moratorium of the resource (Bjørndal 
and Munro, 2012, Chapter 7). The pollock resources contained therein have yet to recover. This proved to be the old 
story of bolting the barn door long after the horse has escaped.  
116 The UN retained the distinction between straddling stocks, narrowly defined, and highly migratory fish stocks. 
117 The full title of the Agreement is: Agreement for the Implementation of the Provisions of the United Nations 
Convention on the Law of the Sea of 10 December 1982 Relating to the Conservation and Management of Straddling 
Fish Stocks and Highly Migratory Fish Stocks (UN, 1995). 
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distinct set of highly migratory RFMOs and straddling stock RFMOs. As of 2020, the total number of RFMOs 
was, according to the FAO, twenty one (Løbach et al., 2020)118.  

Membership in a given RFMO is open to both coastal states and DWFSs with a “real” interest in the fishery 
resources covered by the RFMO (Munro, et al., 2004). The term “real” interest is not well defined, which has 
led, as we shall see, to difficulties on numerous occasions Examples of RFMOs are the Northwest Atlantic 
Fisheries Organization (NAFO), the North East Atlantic Fisheries Commission (NEAFC), the International 
Commission for the Conservation of Atlantic Tuna (ICCAT), and the Western and Central Pacific Fisheries 
Commission (WCPFC). 

It is be recognized at once that the UNFSA, which achieved the status of international treaty law in 2001, in 
no way supplants the 1982 Convention. Rather the purpose of the UNFSA was and is to buttress the 
Convention. Article 4 of the UNFSA states that: “nothing in this Agreement shall prejudice the rights, 
jurisdiction and duties of States under the Convention. This Agreement shall be interpreted and applied in 
the context of and in a manner consistent with the Convention” (UN, 1995). Balton’s Law in practice. 

While on the subject of Balton’s Law, let us comment a much more recent agreement concerned with the 
conservation and sustainable use of marine biological diversity in the high seas, popularly referred to as the 
High Seas Treaty (UN, 2023)119. The Treaty is still in draft stage and is a long way from achieving the status of 
international treaty law. 

In any event, consider Article 4 of the draft High Seas Treaty: “this Agreement shall be interpreted and applied 
in the context and in a manner consistent with the Convention. Nothing in this shall prejudice the rights, 
jurisdiction and duties of States under the Convention ---” (UN, 2023). Balton’s Law once again. 

The validity of Balton’s Law forces us to the conclusion that the EEZ regime and the RFMO regime, both of 
which have come under intense criticism over the past decade and a half – particularly the RFMO regime – 
are here to stay, whether we like it or not. It is the duty of fisheries economists, in cooperation with their 
learned colleagues in the law, to undertake research with the object of improving the effectiveness of the 
regimes. 

2.4. Customary international law: A commentary 

One aspect of international fisheries law, which is relevant to the effectiveness of fisheries management, is 
whether the international law has, or has not, achieved the statue of customary international law, a question 
which has been brought up recently for discussion by other economists with an in interest in international 
fisheries120. A fundamental aspect of international treaty law is that a treaty is binding only on those parties, 
which have ratified the treaty121, unless the treaty has achieved the status of customary international law. If 

 

 
118 The definition of RFMOs has broadened since 1995. Now included are organizations dealing with strictly 
transboundary stocks, e.g. International Pacific Halibut Commission (Løbach et al., 2020). 
119 The full title is: Draft agreement under the United Nations Convention on the Law of the Sea on the conservation and 
sustainable use of marine biological diversity of areas beyond national jurisdiction (UN, 2023). 
120 See in particular: Barrett (2023). 
121 Pacta tertiis nec nocent nec prosunt. 
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the status of customary international law has been achieved then all parties must act in accordance with the 
treaty, unless they explicitly and publicly reject the treaty.  

Customary international law is a somewhat nebulous concept that is dependent on use. Professors of Law, 
Thomas Buergenthal and Sean Murphy, state that for a treaty to have achieved this status, it must be 
accepted by the world’s major powers and by those states directly affected by it (Buergenthal and Murphy, 
2002, pp. 22-23). Parts V and VII of the 1982 UN Convention have achieved this status (Burke, 1994)122. These 
parts are, for example, accepted and adhered to by the United States, which has not ratified the Convention. 
Has the UNFSA achieved the status of customary international law? This is a question that we shall address 
at a later point. 

With the relevant legal framework reviewed, we complete our laying of the groundwork by reviewing the 
rudiments of the theory of strategic interaction (game theory) relevant to the management of shared 
international fishery resources. In so doing, we shall draw heavily upon what might be thought of as a 
companion piece, Bjørndal, Lindroos and Munro (2024). 

3. Game theory: A brief review123 
A game theoretic situation is deemed to arise when the actions of one “individual” have a perceptible impact 
on one or more “individuals”, leading to a strategic interaction between/among them. The “individuals” are 
referred to as players or agents, the courses of action open to the players are strategies, while the economic 
return to a player, following a given strategy, is the player’s payoff. The implementation of the strategies by 
the players is the game, which may be static or dynamic. The game, be it static or dynamic, may, or may not, 
have an equilibrium outcome124 –a solution (Grønbæk et al., 2020).  

Game theory is divided into two broad categories, non-cooperative games and cooperative games. Non-
cooperative games, in which the players are playing as “singletons”, are relatively straightforward, with the 
most important prediction arising from the games being that the players will be forced to adopt strategies, 
which they know to be harmful, with the most famous of such games being the “Prisoner’s Dilemma”. The 
predictive power of the theory of non-cooperative games, with respect to the management of international 
capture fisheries, has proven to be very substantial. 

The theory of cooperative games, essentially a theory of bargaining, is more complex. To begin, a cooperative 
game is one in which the commitments of the players are binding and fully enforceable. It is assumed that 
players will participate in a cooperative game, if and only if, it is in their best interests so to do (Grønbæk et 
al., 2020). Several requirements must be met for a cooperative game to achieve stability. The lack of such 
stability will see the cooperative game degenerate into non-cooperative one, with all that that implies. 

The first and obvious requirement to be met is that the players are able to communicate effectively with one 
another. The second requirement is that each and every player, at all times, anticipates a payoff from the 

 

 
122 As noted, Parts V and VII were effectively in place by 1976. By the time that the Convention was up for signing in late 
1982, Parts V and VII had gained widespread acceptance. 
123 This review draws heavily upon Bjørndal, Lindroos and Munro, 2024. 
124 It is also possible, let it be noted in passing, that multiple equilibria will be encountered 
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game at least a great as the payoff it would anticipate receiving from a no-cooperative one – the condition 
of “individual rationality”. The third requirement is that the game must be “collectively rational”, i.e., the 
solution to the game must be Pareto Optimal. Fourthly, if the game is dynamic, it must prove to be resilient, 
in that it can withstand unpredictable shocks from whatever source. 

At this point, let us ask if the two broad categories of games are, in fact, mutually exclusive. Certainly, one 
can think of a non-cooperative game, without having to think about cooperative games. Such is not the case, 
however, with cooperative games. With any cooperative game, there is a non-cooperative game lurking in 
the background. To take but one example, for the cooperative game to achieve stability, there must be the 
assurance that the expected payoffs to the players will not be less than what they could enjoy in a non-
cooperative games. We shall, in addition, encounter games that are essentially hybrids. 

Continuing with cooperative games, since the theory of cooperative games is essentially a theory of 
bargaining, it follows that, in order to enhance the likelihood that these conditions will be satisfied, the scope 
for bargaining should be made as wide as possible. This brings up “side payments” (or “transferable utility”), 
and “side payment like arrangements”. If side payments are brought into play, they can be monetary or non-
monetary in form. 

A constant threat to the stability of all cooperative games is “free riding”, players defecting from the game 
and enjoying the benefits from the cooperative efforts of non-defecting players. If free riding is extensive, 
the condition of “individual rationality” is almost certain not to be satisfied. Free riding essentially means 
that the cooperative game is allowed to have non-cooperative elements in it, making the point that 
cooperative games cannot be viewed in isolation from non-cooperative games. 

In non-cooperative games, the number of players is not of much interest, whereas in cooperative games the 
number of players is of great interest. To begin, the threat of free riding rises exponentially with the number 
of players.  

Next, if the number of players exceeds two, we are forced to recognise that coalitions are to be encountered, 
which in turn compels us to bring to bear the theory of coalition games. We have the Grand Coalition, in 
which all players are cooperating, but we have as well the possibility of sub-coalitions being formed. For 
example, suppose that we have a three player games, with players A, B and C. The Grand Coalition would 
consist of A, B and C playing cooperatively. There is also the possibility, however, that A and B cooperate, 
forming a sub-coalition, which then plays competitively against C125.  

A particularly powerful class of coalition games now being widely used in the analysis of the economic 
management of international fisheries consists of “partition function games”. These games allow for the fact 
that attempts to cooperate will create positive externalities for free riders, thereby enhancing the free riding 
threat (Grønbæk et al., 2020). What is to be determined is whether the Grand Coalition cooperative surplus 
(net gains from cooperation) is such that would be defectors can be “encouraged”, through the use of the 
aforementioned side payments (transferable utility) and side payment like arrangements, to cooperate. 
There is as well, of course, the accompanying question of what can be done to diminish free rider payoffs.  

 

 
125 Or, of course, that A and C form a sub-coalition, which then plays competitively against B; or that B and C form a sub-
coalition, which then plays competitively against A. 



115 

 

This leads to the key concept of the “internal stability” of the Grand Coalition. Such stability is achieved, if no 
player within the Grand Coalition has an incentive to deviate and free ride. Formally, this can be expressed 
as follows. 

Denote the payoff of the with coalition member, given that the member is one of good standing in the 
coalition, as Vi(S), where S denotes the set of coalition members. Denote the payoff of that member, if it 
defects and free rides as: Vi(S\{i}). Then “internal stability” is achieved, if and only if: 

 𝑉𝑉𝑉𝑉(𝑆𝑆) ≥ 𝑉𝑉𝑉𝑉(𝑆𝑆\{𝑖𝑖}), ∀𝑖𝑖 ∈𝑆𝑆 (Grønbæk et al., 2020) 

It will be seen that achieving “internal stability” in the RFMO regime is no easy matter. It is no surprise that, 
in the pre-UN Fish Stocks era, 1982-1995, achieving “internal stability” in the great coalition of coastal states 
and DWFSs proved to be all but impossible, and that non-cooperative fishery games – prime examples of the 
“Prisoner’s Dilemma” come to life - were the order of the day. 

Finally, we referred earlier to the possibility of hybrid games, games which have a mix of cooperative and 
non-cooperative elements. Partition function games provide a striking example of a hybrid game. 

4. The management of transboundary stocks 
In turning to the management of shared fish stocks, and the assurance of the rights of “legitimate” users of 
these resources, we commence with the management of transboundary stocks – EEZ to EEZ stocks. These 
present an easier management problem than do than pure straddling stocks126. The management of 
transboundary stocks is a matter for coastal states alone. There is no ambiguity about property rights overall 
to the resources, with the property rights being shared on what amount to a condominium basis 
between/among the coastal states. A DWFS exploiting a transboundary stock legally does so at the express 
permission of one or more coastal states. If a DWFS exploits a transboundary stock without such permission, 
it is deemed to be engaging in illegal fishing and can be dealt with severely.  

That being said, the property right issue, with respect to these stocks, is not quite as straightforward as it 
appears at first glance. The property rights to the relevant resources are indeed shared by the coastal states 
involved alone, but the shares may change over time, and do so in an unpredictable manner. Fish are mobile, 
and how they move can shift over time, resulting in changing coastal state shares127. As will be made 
apparent, if such changes occur in an unpredictable manner, the changes can prove to be very disruptive to 
the effective management of the resource. 

In turning to legal aspects of the question at hand, the legal framework for the management of transboundary 
stocks is brief and succinct, being provided by Article 63 (1) of the 1982 UN Convention, where the states 

 

 
126 Let us concede that some examples, to which we shall point, have straddling elements to them. Pure transboundary 
stocks are not that abundant. 
127 For example, consider a transboundary stock shared by coastal state I and coastal state II. When the two states 
consider the management of the resource, the property shares of the resource are: coastal state I- 50 per cent; coastal 
state II – 50 percent. Then over time, due let us say to shifting environmental factors, conditions change, and the 
property shares are now found to be: coastal state I- 80 per cent; coastal state II – 20 percent. To add to the 
complications, we will discuss a case in which unexpected shifting conditions, led not only to changing coastal state 
shares, but to the regional division of a share within a coastal state. 
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sharing such a resource are admonished to coordinate for the conservation and development of such 
stocks128.  

To begin, let us concede from the outset that there are transboundary stocks in which joint management is, 
in fact, not called for. The often cited case of the scallop resources shared by Canada and the United States 
in the Atlantic is an example. Canadian exploitation of the resource has negligible impact upon American 
harvesters of the resource and vice versa (Munro at al., 2004). Such transboundary stocks are, however, the 
exception. In the non-exceptional case, the harvesting activities of one coastal state of the resources will 
have an impact upon the harvesting opportunities open to the other coastal state(s) sharing the resource, 
thus creating a strategic interaction between/among the coastal states. The theory of strategic interaction 
is, as a consequence, directly applicable. 

Does cooperation really matter? The theory of non-cooperative games, and “Prisoner’s Dilemma” types of 
outcomes, have been shown to have strong predictive power with respect to these resources. The Pacific 
salmon resource of the eastern Pacific, shared by the United States and Canada, provides an example129. In 
periods of non-cooperative management of the resource, “fish wars” broke out with destructive 
consequences for the resource (Miller, et al., 2001). Cooperation does matter. 

Academic economists realized the essential importance of cooperation in the management of these 
resources by the end of the 1970s. Policy makers came to do so by the end of the 1990s, early 2000s. In 2002, 
the FAO, in cooperation with Norway, held an Expert Consultation on the management of internationally 
shared fish stocks130. The report from the Consultation states that: “the Consultation concluded that, with 
very few exceptions, non-cooperative management of shared fish stocks carries with it the threat of 
overexploitation” (FAO, 2002, p. iv). 

As John Gulland of the FAO pointed out in 1980 (Gulland, 1980), there are two levels of cooperation in the 
management of shared fish stocks. The primary level consists of cooperation at the scientific level, e.g. 
coordinated research programs. Since all stand to benefit, cooperation should be relatively easy to achieve. 
The secondary level involves active management of the resource(s), and will involve allocation of harvest 
shares among the participating states; determination of an optimal management strategy through time; and 
the implementation and enforcement of coordinated management agreements. Obviously, achieving 
cooperation at the secondary level is a far more formidable undertaking than achieving cooperation at the 
primary level. That said, if it proves impossible to achieve cooperation at the primary level, this will 
undermine attempts to achieve cooperation at the secondary level (Munro, et al., 2004).  

In the cooperative management of transboundary stocks, one advantage that such management has, in 
contrast to that of straddling stocks, is the number of players, which is typically small131. It is an inescapable 

 

 
128 The Article reads: Where the same stock or stocks of associated species occur within the exclusive economic zones 
of two or more coastal States, these States shall seek ----- to agree upon measures necessary to coordinate and ensure 
the conservation and development of such stocks without prejudice to other provisions of this Part [V]” (UN. 1982, 
Article 63(1)) 
129 About which more will be discussed at a later point. 
130 Norway-FAO Expert Consultation on the Management of Shared Fish Stocks Bergen, Norway, 7-10 October 2002. 
131 There are exceptions, e.g. the Pacific Island Countries of the western and central Pacific. 
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fact of life that achieving a successful cooperative outcome is more difficult, the greater is the number of 
players (Grønbæk, et al. 2020).  

Now consider the consequences of changing coastal state shares of the resource. We commence with a case 
in which the shares remained remarkably constant over time, only to be affected by a political impact on the 
shares in recent years. In this case, achieving a stable solution to the cooperative game has proven to be 
relatively straightforward.  

The case in question is the important herring resource of the North Sea. Prior to the advent of the EEZ regime, 
the North Sea herring fishery game was a high seas non-cooperative one, with up to ten players, providing a 
textbook example of the “Prisoner’s Dilemma” in action. By the mid-1970s, the resource was faced with the 
threat of extinction (Bjørndal, et al., 2024). Then, at the beginning of 1977, the coastal states surrounding 
the North Sea implemented their EEZs, resulting in the elimination of the high seas component of the North 
Sea. The number of players in the North Sea herring fishery game was reduced from up to ten to two, the EU 
and Norway132. 

The two began playing a cooperative game, which involved to begin with a restoration of the resource over 
a period of several years. While there were some disputes between the players, these disputes did not hinder 
the achieving of a stable, very successful, cooperative fishery game133.  

Fundamental to the success of this game, maintain Bjørndal, et al., is the fact that the resource is non-
migratory nature of the resource, leading to the consequence that the property shares of shares of the 
resource, between Norway and the EU, were stable. Agreeing upon and maintaining harvest shares was, as 
a consequence, relatively easy (Bjørndal, et al., ibid.). As Bjørndal, et al. also note, the consequences of this 
success for user rights at the national level have been highly beneficial, with examples being provided by 
Norway and Denmark (Bjørndal, et al., 2024, p. 5). 

A political impact on the property shares came about in 2016, as a consequence of Brexit. As a result, there 
were and are three players, Norway, a reduced EU and the U.K. The three have been able, without undue 
difficulty, to negotiate a stable harvesting sharing arrangement. 

Where a transboundary stock does exhibit a clear migratory pattern, the outcome is much different for the 
simple reason that the migratory pattern may shift in an unpredictable manner, leading to the changing 
coastal state property shares problem. We take as an example one which is well documented, the Pacific 
salmon resource in the Northeast Pacific, a resource shared by Canada and the United States, and one to 
which we have already referred. 

Pacific salmon is an anadromous resource, with the resource being produced in the rivers and streams of 
Pacific North America, from northern California to Alaska. The fish migrate to the open ocean, and may go 
far out into the Pacific, before returning to their native rivers and streams to spawn and die. American 

 

 
132 Later to be increased to three with the advent of Brexit. 
133 At the beginning of the 1980s, the spawning stock biomass (SSB) of the resource was estimated to be 1.8 million 
tonnes. ICES has estimated that the minimum safe SSB to be .8 million tonnes (Arnason et al., 2018), so the level of the 
SSB in the early 1980s was a very comfortable one indeed. By way of contrast, the mid 1970s, the SSB had fallen to just 
over 0.1 million tonnes, with extinction being very much a threat (Bjørndal, et al., 2024). In 2023, the SSB was estimated 
to be just under 1.5 million tonnes (Bjørndal, et al., ibid.). 
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fishermen intercept Canadian produced salmon; Canadian fishermen intercept American produced salmon. 
Hence, the resource is very much a shared one. 

The shared resource is a strictly transboundary one, despite the fact that many Pacific salmon go far into the 
high seas during their life cycles. Due to Canadian-American cooperation in the Third UN Conference on the 
Law of the Sea, Article 66 of the 1982 UN Convention expressly forbids the harvesting of anadromous species 
in the high seas (UN, 1982, Article 66). 

In 1985, the two coastal states entered into a formal treaty to manage Pacific salmon cooperatively from 
northern California to the Gulf of Alaska (US Senate, 1985). One complicating factor in the Pacific salmon 
fishery game, is that Canada could (and can) be seen as a single player, but the US was (and is) a sub-coalition, 
consisting of the US federal government, Washington/Oregon, Alaska and the Treaty Indian Nations (Miller 
et al., 2001).  

At that the time that the Treaty came into force, both Canada and the US sub-coalition seemed content with 
the results. Each believed that it was getting a fair share of the annual harvest. Unbeknownst to the players, 
at the time that the Treaty came into force, a decadal climate regime shift was occurring134. The shift had 
very positive effects for the salmon stocks off Alaska and northern British Columbia and very negative effects 
for such stocks off southern British Columbia and Washington/Oregon. This upset the balance, and in 1993, 
the Treaty effectively froze up, with the fact that there were no side payments provisions intensifying the 
problem. Basically, for one player, Alaska, the individual rationality condition was not being satisfied (Miller, 
et al., ibid.)135. 

What evidence there is suggests that cooperation at the primary – scientific – level continued, but that 
cooperation at the secondary level broke down completely. The “Prisoner’s Dilemma” in the form of “fish 
wars” emerged. The destructive situation continued until 1999, when the two sides entered into a “patch 
up” agreement. 

The two sides had been caught by surprise, the cooperative Pacific salmon fisheries game displayed a marked 
lack of resilience. This problem, exemplified by Pacific salmon, can be expected to be greatly exacerbated by 
global warming. A recent empirical study, which maintains that there are over 9,000 transboundary fish 
stocks worldwide, predicts that, by the end of the 21st century, some 45 per cent of these stocks will have 
shifted, and that over 80 per cent of the world’s EEZs will be affected by at least one shifting stock.(Palacios-
Abrantes, et al., 2022, pp.2312-2313). 

The problem is easy enough to state. It is to be conceded that most shifts in stock migratory patterns cannot 
be predicted with any degree of accuracy. They can, however, be anticipated. What is required is cooperative 
resource management arrangements, which are made resilient by anticipating such shifts, with contingency 
plans in place to deal with these shifts should they occur. This is what at times has been called an earthquake 

 

 
134 Which had absolutely nothing to do with climate warming. 
135 Not only had the climatic regime shift, produced a property rights share of the salmon resource change between the 
US and Canada, it had upset the balance within the US sub-coalition. The climatic regime shift had produced a distinct 
winner in the player Alaska, and a distinct loser in the player Washington/Oregon. 
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type preparedness model (Miller and Munro, 2004). To date, little has been done, with negative 
consequences for user rights at both international and national levels. 

At the time of writing, game theory provides but modest guidance. There is a dearth of dynamic cooperative 
games, focused on fisheries, which allow for uncertainty (Grønbæk, et al., 2020). Much additional research 
and analysis is urgently required136. 

5. The management of straddling fish stocks (broadly defined) 
To begin, the economic management of straddling stocks (broadly defined) is, as we shall see, faced with all 
of the problems to be met in the management of transboundary stocks, along with several more. These 
emerge by virtue of the fact that the number of players is typically greater than that in the management of 
transboundary stocks137; by virtue of the fact that the property rights to the high seas components of the 
straddling stocks are nebulous; and by virtue of the fact that the management bodies can be faced with 
changing membership, which we shall refer to as the new member problem. 

The nebulous nature of property rights to a portion of the relevant fishery resources and the typically large 
number of players give rise to the problem of free riding. To repeat, it is an inescapable fact of life that the 
difficulty in achieving stable solution to a cooperative game increases exponentially with the number of 
players (Grønbæk, et al., 2020). 

Free riding in the management of straddling stocks is a constant problem and threat138. The resolution of the 
free riding problem can be seen as the sine qua non of effective management of these resources. If the 
problem is not resolved, the effective management of the relevant stocks may well become hopeless. Let us 
turn to this problem  

5.1. Free riding 

Free riding can be defined as follows. It arises when players defect from the cooperative arrangement and 
enjoy “illegally” the economic benefits created by those adhering to the cooperative arrangement.  

Return to our review of the elements of game theory, the discussion of partition function games, and the 
“internal stability” equation: 𝑉𝑉𝑉𝑉(𝑆𝑆) ≥ 𝑉𝑉𝑉𝑉(𝑆𝑆\{𝑖𝑖}), ∀𝑖𝑖 ∈𝑆𝑆. The equation states, it will be recalled, that for 
“internal stability” to be achieved, the sum of the Grand Coalition payoffs cannot be less than the sum of the 
free rider payoffs. Pintassilgo et al. (2010) argue the following. If free riding is uncontrolled, “internal 
stability” is unachievable, unless the number of players is small, not much larger than five, even if the players 

 

 
136 Two relatively recent articles that give us hope that research on this topic is, in fact, underway are: Bediako and 
Nkuiya, 2022; and Miller and Nkuiya, 2016. 
137 To take but one example, the Northeast Atlantic – Mediterranean tuna fishery, about which we shall have much 
more to say, has some thirty players and has in the past had upwards of fifty players. 
138 Theoretically, free riding could be encountered in the management of transboundary stocks, but one is hard pressed 
to find examples in the real world. 
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are asymmetric with respect to fishing effort costs. Given that in the typical straddling fish stock game five is 
a small number indeed139, this is not an encouraging conclusion. 

The question then is, what can be done to suppress free riding, a question that has been recognized by policy 
makers for some time. For example, the Chatham House based Independent Panel to Develop a Model for 
Improved Governance by RFMOs stated in its 2007 final report that “ a core conclusion is that the success of 
international cooperation depends largely on the ability to deter free riding” (Lodge et al., 2007).  

A first question to be asked is whether or not the UNFSA has achieved the status of customary international 
law. If the answer is no, then pacta tertiis comes into play. States, which have not ratified the treaty, can 
claim that they are not bound by the treaty and can engage in high seas unregulated fishing (free riding) as 
they see fit, a problem much aggravated by the fact that numerous vessels wishing to free ride can, and have, 
turned to flags of convenience (Calley, 2012). 

In examining this question, this author sought the advice and opinion of two of the author’s past legal co-
authors, Terje Løbach, from Norway, who has had extensive experience with many RFMOs, as the 
representative from Norway on these RFMOs, and who served as President of the RFMO, NAFO140; and Annik 
Van Houtte of the FAO Legal Office. Their views are mixed.  

Terje Løbach, in his response to this author, states that there “seems to be a strong indication that UNFSA 
could now be regarded as customary international law”141. Annik Van Houtte, on the other hand, argues that 
UNFSA has not, in its entirety, achieved the status of customary international law.  

The Van Houtte argument is, to begin with, that UNFSA reiterates Articles 116-120 from the 1982 UN 
Convention on the Law of the Sea, which call upon DWFSs to cooperate with coastal states and with each 
other in the management of straddling stocks (broadly defined). These articles are unquestionably part of 
customary international law142. UNFSA, however, goes further and states that where RFMOs (or their 
equivalent) are established, only those states that become members of the RFMOs, or agree to abide by the 
conservation and management measures laid down by the RFMOs, shall be granted access to the relevant 
fishery resources. These further provisions, maintains Annik Van Houtte, cannot yet be deemed to be part of 
customary international law143 

In a sense, the jury is still out. UNFSA may not, in fact, have fully achieved the status of customary 
international law, but may, however, well be moving in that direction. As we shall indicate, there are many 
states, which are now acting as if UNFSA has indeed achieved the desired status. 

While UNFSA may be on the long road to achieving the status of customary international law, the apparent 
inability to control free riding, and general perceived weakness of the RFMO regime led some to recommend 
(demand) that the high seas in their entirety be closed to fishing. An example is provided by Brooks et al. 
(2014), which excoriate the RFMO regime and state that the “radical” proposal of banning all high seas fishing 

 

 
139 Examples of the cooperative management of straddling stocks involving five or fewer players can in fact be found, 
but they are few and far between. 
140 Northwest Atlantic Fisheries Organization 
141 Terje Løbach, personal communication. 
142 As we noted earlier. See: Burke, 1994. 
143 Annik Van Houtte, personal communication. 
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must be considered (Brooks et al., 2014). The Pew Charitable Trusts supported Global Ocean Commission 
comes close to recommending such a ban (Global Ocean Commission, 2014;2016, Proposal 8). 

The Global Ocean Commission, in its work and report undoubtedly hoped to influence the negotiations 
working towards the High Seas Treaty. From our earlier comments, it is clear that the Commission’s attempts 
to encouraging the banning of high seas fishing had no effect – Article 4 of the High Seas Treaty, once again 
(UN, 2023)144. Such a ban would have been in direct contravention of the 1982 UN Convention145 – a violation 
of Balton’s Law. Over and above this, such a ban, if it were to have any significant effect, would have to be 
rigorously enforced - an almost certainly impossible undertaking - a problem, which the promoters of the 
ban treat very lightly.  

There has, however, been a development, just recently reported upon, involving trade/market measures and 
the prominent bluefin tuna fishery of the Northeast Atlantic -Mediterranean (Bjørndal, 2023), which provides 
considerable encouragement. The bluefin tuna stocks of the Atlantic spread across the ocean, but the marine 
biologists treat the western and eastern stocks as discrete (Bjørndal, ibid.). We shall refer to the fishery in 
question as the BFT-E146 fishery, from hereon in. 

Trade/market measures, as a means of curbing free riding, have been discussed and analysed for at least 25 
years, but usually without great enthusiasm (see, for example, Roheim and Sutinen, 2006; Lodge et al., 2007, 
Ch. 6). In the case to follow, the trade/market measures implemented have had, and do have, a powerful 
effect. 

The bluefin tuna in question is the largest of the tuna species, and, argues Bjørndal, is possibly the most 
valuable fish in the sea (Bjørndal, 2023)147. As such, the fish are prime targets for free riding. 

The resource is under the management of the RFMO, ICCAT148. The fishery has had up to 50 participants, 
which decreased to about 30 as the resource declined in size and scope. With the seemingly impossibly large 
number of players, the BFT-E fishery game was the very model of “internal instability”. Free riding was 
rampant. It was, for example, estimated that in the year 2007 IUU fishing accounted for over 50 percent of 
the total harvest (Bjørndal, ibid.). By the mid 2000s, the BFT-E spawning stock biomass (SSB) was at about 
300,000 tonnes, with scientists maintaining that this level was dangerously low. ICCAT scientists warned in 
2006 that, unless effective reforms were introduced and maintained, the resource would be in danger of 
collapse (Bjørndal, ibid.).  

The BFT-E fishery was seen as the prime example of a failed RFMO managed fishery (e.g. Munro, 2011). 
Brooks et al. 2014 cite a 2008 Report of the Independent Review of ICCAT to the effect that “ICCAT CPCs149 
performance in the managing fisheries on bluefin tuna, particularly in the eastern Atlantic and Mediterranean 

 

 
144 To give the Commission its due, however, the High Seas Treaty does encourage the establishment of MPAs in the 
high seas, as a means of conserving the resources, which could in part be due to influence from the Commission’s report 
(UN, 2023, Part III). 
145 See, in particular: 1982 UN Convention, Article 87(1(e)). 
146 Bluefin tuna east. 
147 As one small indication, the Pew Charitable Trusts maintained in a 2017 report that fishermen are commonly paid 
more than US$ 10,000 for a single Atlantic bluefin tuna at dockside (Pew Charitable Trusts, 2017).  
148 International Commission for the Conservation of Atlantic Tuna 
149 CPC -Contracting Party or Cooperating non-Contracting Party, Entity or Fishing Entity (Bjørndal, 2023, n.1). 
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Sea, is widely regarded as an international disgrace” (Brooks, et al., 2014, p. 298). While the Global Ocean 
Commission did not cite the fishery explicitly in its report, it is not unreasonable to suppose that the authors 
had this fishery in mind, when they pointed to the lamentable inadequacies of the RFMO regime (Global 
Ocean Commission, 2014). 

At the ICCAT meeting of 2006, the delegates, responding to the ICCAT’s scientists’ warning, by introducing a 
15 year nine point recovery plan for the resource (Bjørndal, 2023). The plan has proven to be very successful. 
Critical to achieving that success was the curbing of the rampant free riding. 

An attempt to curb free riding could have been done by attempting to police free riders, e.g. by taking legal 
action, but this was seen as futile150. Rather, ICCAT members turned to a set of market measures, 
encompassed in Point Nine of the plan. Under Point Nine, every legally caught BFT-E is to be issued with a 
certificate that will accompany it to its final point of consumption or trade151. ICCAT members are not to 
allow the importation of BFT-E lacking the critical certificate (Bjørndal, ibid.). 

It can be argued that full strength of Point 9 rests upon the fact that it is implemented by all ICCAT members, 
e.g. the USA. Of particular note is the implementation and support of two of those members, Japan and the 
EU, which together, according to Bjørndal, have constituted the heart of the market for BFT-E (Bjørndal, 
2023)152.  

The consequences were and have been dramatic. IUU fishing of the resource – free riding- has been sharply 
reduced, cooperation was and is stabilized, with the consequence that the stock investment program was 
and is effectively established. While estimates are imperfect, it is estimated that the BFT-E SSB, which was at 
a dangerously low level of 300,000 tonnes in 2006-2007, reached a level in the order of 900,000 tonnes by 
2019 (Bjørndal, ibid.). 

 

 
150 The fact that there was doubt about whether UNFSA has in full achieved the status of customary international law 
would have undermined such an attempt. 
151 Bjørndal maintains that, in essence, Point 9 states the following: market measures require documentation that the 
traded product conforms with all regulations. Each tuna harvested is issued with a ‘certificate’ that will accompany it 
until the point of final consumption or trade (Bjørndal, 2023, p. 3). 
152 Bjørndal, 2023, goes on to state that: “BFT-E, which is not certified, cannot be marketed in neither Japan, the largest 
bluefin tuna market, nor in the EU, the second largest market. Essentially this means that any free rider would not be 
able to market its product” (Bjørndal, 2023, p. 10). 
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Figure 1. Spawning stock biomass Northeast Atlantic and mediterranean bluefin tuna 1968-2019. 
‘000 tonnes 
Source: Bjørndal, T. (2023) 

The recovery of the stock has laid the foundation for stable management regimes at the national level. The 
EU and Norway, for example, have established IQ schemes for the fishery at national levels (Bjørndal, 2023).  

Return to the “internal stability” equation - Vi(S) ≥ Vi(S\{i}), ∀i ∈S -once again. The effect of the Point Nine 
market measures has been to sharply reduce, if not crush, the free rider payoffs. Prior to the recovery plan 
and the introduction of the rigorous market measures, we had: Vi(S) << Vi(S\{i}), ∀i ∈S ; after - Vi(S) >> 
Vi(S\{i}), ∀i ∈S -“internal instability” transformed into “internal stability”. 

Since the status of UNFSA, with respect to customary international law, is uncertain, let us note that the 
pacta tertiis issue is also addressed. A state or vessel claiming that is not subject to UNFSA may be able to go 
ahead and catch the aforementioned bluefin tuna. It will, however, have utmost difficulty in marketing that 
tuna. 

The question, of course, is how stable this restrictive trade/market regime will prove to be over time. While 
complacency is certainly not in order, it is difficult to see why the ICCAT adherents to Point 9 would allow 
these trade/market measures to weaken. They have before them what might be called the looking into the 
abyss factor. If they were to allow these market measures to weaken, the probability of reemergence of 
rampant free riding would be very high indeed, bringing with it the threat of the return of the disaster years 
of the mid-2000s153.  

 

 
153 History provides some assurance. As Bjørndal, 2023 relates, historically one of the most successful cooperative 
fishery management regimes was that of the North Pacific Fur Seal Treaty, 1911-1984, involving four states, Canada, 
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That being said, there are two final comments, which need to be made on this case. First, there is a view, 
often implicit, that, in the exploitation of straddling stocks, the DWFS players are far less responsible than 
the coastal state players. Yet in the BFT-E case, a player of considerable importance in the reform, was that 
major DWFS player, Japan154. 

Secondly, the rebuilding of a fishery resource is an investment, which involves a current cost in the hope of 
a future return. With the rebuilding of the BFT-E resource, through the imposition of blanket market 
measures, a significant portion of the initial cost was borne by the malefactors of the marine, the 
“illegitimate” users, the free riders.  

5.2. More on the long-term stability of RFMOs and the new member problem 

Suppose now that the free riding problem has been dealt with successfully. What other factors must be 
considered, what other problems dealt with, if the RFMO is to prove to be resilient over the long run? We 
shall continue to use BFT-E, ICCAT as our prime example. 

To begin, a quota sharing scheme for a possible large number of players, must be developed, which appears 
“fair”, in that the individual rationality condition is satisfied for every player. There is no set formula (Lodge 
et al., 2007, Ch. 4). In the case of BFT-E, ICCAT, according to Bjørndal, quota sharing is based upon historical 
catches and rights, stock distribution, research activity and bargaining power (Bjørndal, 2023, pp. 3-4.). 
Obviously, the quota sharing scheme will have to be flexible through time. 

This leads to the second condition, namely shifting migratory patterns of the stocks. But this is nothing new, 
being exactly the problem that we encountered in the management of transboundary stocks. According to 
Bjørndal, the BFT-E, ICCAT members have, to date, done well in dealing with shifting stocks (Bjørndal, 2023). 
There have, however, been straddling stocks, in which the management of these stocks has been negatively 
affected by shifting migratory patterns of the stocks. 

An example is provided by the straddling pelagic stocks of the Northeast Atlantic, Norwegian Spring Spawning 
herring, and the Northeast Atlantic mackerel stock. Both have distinct migratory stocks, with the migratory 
patterns shifting in an unpredictable manner. While in these cases, cooperation at the primary level has 
apparently weathered the shocks, cooperation at the important secondary level has periodically broken 
down (Bjørndal, et al., 2022)155. Once again, a marked lack of resilience is in evidence, with deleterious effects 
of user rights at both the international and national levels.  

Beyond all of this, there remains the “new member” problem. As noted earlier, under Article 8 of the UNFSA, 
any state having a real interest in the high seas fish stocks governed by a RFMO has the right to membership 
in the RFMO (UNFSA, Article 8(3)). The implication is that existing members of a RFMO cannot simply bar 

 

 

Japan, Russia and the USA, with the UK acting on Canada’s behalf at the time of the signing of the Treaty. Free riding 
was potentially a grave threat. London, however, was the dominant market for the fur seal skins. The UK agreed to bar 
the importation of “illegal” North Pacific fur seal skins. Free riding was rendered still born. The UK was to maintain its 
bar on imports of “illegal” North Pacific fur seal skins for decades, until the Treaty came to an end (Bjørndal, 2023, p.8). 
154 With reference to the North Pacific fur seal example (n. 48), Bjørndal, 2023 maintains that “---it might be postulated 
that the Tokyo market plays the same role for BFT-E as the London market did for seal skins” (Bjørndal, 2023, p.8). 
155 Although, the breakdown in cooperation has not been complete; not as severe as in the case of Pacific salmon 
(Bjørndal, et al., 2022). 
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would be new members. This presents a problem, because, as Kaitala and Munro demonstrated over 25 
years ago, new members can lead to implicit free riding (Kaitala and Munro, 1997). 

Suppose the existing, or “charter”, members of a RFMO undertake to invest in hitherto over exploited fish 
stocks, under the jurisdiction of the RFMO, over a period of several years, e.g. BFT-E. Once the investment 
program is completed, and the “charter” members are about to enjoy the return on their investment, one or 
more prospective new members appear. They demand membership, agree to the rules laid down by the 
RFMO, but demand shares of the harvests. Having incurred none of the costs of the investment in the fish 
stocks, the new members nonetheless demand a share of the yields from the investment. This is implicit free 
riding, which will act as a deterrence to the existing members from engaging in the resource investment in 
the first place (Kaitala and Munro, 1993; 1997). 

With respect to new members, one must make a distinction between coastal states and DWFSs. It is difficult 
to see how coastal states prospective new members can be denied access to the “club”. Coastal states could 
be eligible for membership, by virtue of changes in migratory patterns. To take one example, the range of 
BFT-E shrank during the lengthy period of overexploitation, with some coastal states no longer finding their 
resource in their waters. With the restoration of the resource, the range of BFT-E has been increasing and 
has been re-appearing in coastal state waters, after a long absence (Bjørndal, 2023). This is a happy result 
and it should be easy to accommodate the new coastal state members156. 

DWFSs as new members is an entirely different matter. As we have noted, under UNFSA, Article 8, the 
existing members of a RFMO cannot automatically deny membership to prospective DWFS new members. 
However, such prospective new members are not assured of membership. Article 11(a) of UNFSA states that 
“charter members”, in determining accommodation for new members “----shall take into account, inter alia, 
the status of the straddling stocks and highly migratory fish stocks and the existing level of fishing effort in 
the fishery” (UN, 1995, Article 11(a)). 

This means that “charter” members can advise prospective new DWFS members that all of the active fisheries 
under the jurisdiction of the RFMO are fully allocated, and that the allocations to prospective new DWFS 
members will limited to new fisheries (by and large fisheries that currently have no economic value)157. 
Willock and Lack describe this approach as “effectively closing the door on new members” (Willock and Lack, 
2006, p.27). This is certain to exacerbate the free riding (unregulated fishing), as prospective new members, 
feeling themselves to have been unfairly excluded, cease to regard free riding as a morally reprehensible 
activity (Munro and Sumaila, 2011)158.  

A proposal to deal with the DWFS new member problem was put forth by Kaitala and Munro some thirty 
years ago (Kaitala and Munro, 1993;1997). This is to have new members gain access to the RFMO by buying, 
or leasing, harvest quotas from “charter” members. The proposal, if adopted, would guard against implicit 

 

 
156 A contrary example is provided by the straddling stock, North-East Atlantic mackerel. Shifting migratory patterns 
caused the resource to enter the waters of a “new” coastal state, with results that have been decidedly less than happy. 
(Bjørndal, et al., 2024). 
157 NAFO is an example of a RFMO, which has done just this. 
158 As an alternative, some RFMOs have responded to new members by granting them allocations, at the expense of 
“charter” members, often attempting to disguise the pain to those members by adding the new allocations to existing 
TACs, which can, of course, have very unfortunate results (Willock and Lack, 2006). 
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free riding and/or threatening the stability of the resource(s). It would further assure prospective new 
members that an attempt is not being made to bar them outright from the RFMO. The similarity of this 
scheme to new members gaining access to ITQ schemes in domestic fisheries is obvious. 

The proposal would be of no interest, if it proved to be contrary to international law. Professor of Law, and 
expert of Law of the Sea issues, Andrew Serdy, wrote on this issue back in 2007. He maintains that the scheme 
is entirely compatible with international law, and argued that it would help further the development of the 
RFMO regime (Serdy, 2007). 

When Kaitala and Munro first put forth their proposal, it was greeted with scorn and ridicule. Since that time, 
the proposal gained some considerable degree of acceptance by those involved in policy over the following 
decade. The report on the 2002 Norway-FAO Expert Consultation on the Management of Shared Stocks states 
that: “---if it were possible for prospective New Members to purchase quotas from existing members of 
RFMOs, this would serve to ease the problem of quota allocation to New Members” (FAO, 2002, para.63). It 
was recognized by the Consultation that, if this approach were to be adopted, then, by implication, the 
“charter” members would be granted de facto collective property rights to the fishery resources 
encompassed by the RFMO. This is of no small importance, since the root of the problem is that the property 
rights to certain segments of the relevant straddling stocks have been vague and uncertain. 

The FAO Expert Consultation report was followed in 2007 by the report of aforementioned Independent 
Panel on RFMO governance. The Panel, in its report had the following recommendation: “---in each RFMO 
the members should: seek means of accommodating new members that will not undermine the long-term 
stability of the RFMO, such as by allowing new members to purchase or lease fishing opportunities from 
existing RFMO members [italics added] (Lodge et al., 2007, p.117). 

The proposal is compatible with international law and has gained the approval of international policy makers. 
To what extent this proposal has been implemented is not yet known to this author, and awaits his further 
research and investigation.  

In addition to prospective new members buying their way into the RFMO, there is another means that has 
come before us in dealing with new members – trade/market measures. Return to the BFT-E case, and the 
all powerful trade/market measures. Previously, we said that disappointed prospective new members might 
well turn to free riding and do so without any sense of guilt. In the BFT-E case, disappointed prospective new 
members would be deprived of that option. Furthermore, if the option of allowing prospective new members 
to buy their way in to the RFMO, were to be exercised, these measures would greatly strengthen the 
bargaining power of the existing, “charter”, members. 

6. Conclusions 
This paper has been concerned with user rights as they pertain to fisheries based upon internationally shared 
fish stocks. It has been argued that user rights should be seen as existing at two levels. At the first level, we 
think of users as states that are sharing the international fish stocks, and distinguish between “legitimate” 
users, those states which are acting in accordance with the relevant fisheries international law, and 
‘illegitimate” users, those states not so acting. At the second level, we think of users at the national level, 
exploiting their state’s share of the international fisheries, and user rights schemes at that level, such as ITQ 
schemes and fisher cooperatives. We then asked what link there was, if any, between these two levels. The 
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answer is straightforward. If the rights of the “legitimate” users at the international level are insecure, this 
will undermine the value of user rights at the second, national level. Secure user rights at the international 
level are the foundation for secure user rights at the national level. 

The EEZ regime, and the RFMO regime in particular have come under intense criticism over the past decade 
and a half, if not more, with some calling for the banning of fishing on the high seas, and hence the 
destruction of the RFMO regime. Our second conclusion is that the regimes are here to stay, whether we like 
it or not. We invoked what we called Balton’s Law to the effect that UNCLOS 1982 can be extended and 
interpreted, but that it cannot be contradicted, claiming that both UNFSA and the High Seas Treaty have 
validated the Law. Our question then is: what can be done to improve the regimes? 

We made a broad, and admittedly imperfect, distinction between transboundary fish stocks and straddling 
fish stocks (broadly defined) at the international level. With regards to transboundary fish stocks – EEZ to EEZ 
– stocks overall property rights is not a significant issue. Property rights to fish stocks, while in a coastal state 
EEZ, are the property of that EEZ, with property rights to transboundary fish stocks being jointly held -
condominium like – by the relevant coastal states. 

The chief problem identified, with respect to these stocks is unpredictable shifts in the migratory pattern of 
the stocks leading to changing property shares of the stocks, which can disrupt the cooperative management 
arrangement. It is easy enough to identify what must be done- establish cooperative management 
arrangements, in which, while the shifting migratory patterns may be impossible to predict accurately, they 
can be anticipated, with plans drawn up accordingly. What is easy to identify has proven very difficult to 
implement. Global warming is certain to aggravate the problem. 

We also pointed to the limited adequate game theoretic analysis, with respect to this issue. More dynamic 
game theory models explicitly incorporating uncertainty are very much needed.  

The economic management of straddling stocks (broadly defined) is faced with all of the problems facing the 
economic management of transboundary stocks, along with three additional ones, all of major importance, 
the number of players, the new member problem and that of free riding. The latter two are inter connected 
and reflect the nebulous nature of the property rights to fishery resources in the high seas.  

With respect to the new member problem, which focusses on prospective DWFS new members, we revived 
the 30 year proposal to allow for prospective DWFS new members to buy or lease fishing quotas from 
existing, “charter” members of RFMOs. This would have the effect of granting the “charter” members of a 
given RFMO de fact collective property rights to the high sea fishery resources under the jurisdiction of the 
RFMO, which goes to the heart of the difficulties created by nebulous property rights to high seas fishery 
resources. 

Partition function game analysis leads us to the conclusion that, if free riding is not rigorously curbed, the 
RFMO cooperative game will achieve internal stability, only if the number of players in the game is small. 
Given that number of players in a typical RFMO game is not at all small, this is a depressing conclusion. 

We take great encouragement, therefore, from the case of the BFT-E fishery. Less than two decades ago, this 
highly valuable fishery was the very model of an internally unstable RFMO game, with the resource 
apparently careening towards extinction. For those promoting the abandonment of the RFMO regime, this 
was the prime example. 
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The implementation of sweeping market measure by the players in the BFT-E game transformed the 
situation. The free riders payoffs were sharply diminished. The stock has recovered and the BFT-E game 
shows all the signs of having achieved internal stability. While being warned against complacency, this is a 
remarkable achievement, which we argue merits further considerable investigation. 

As a final comment, we would point to the obvious fact that the economic management of internationally 
shared fishery resources is an evolutionary process, in which errors will be made, and in which it is hoped 
that lessons will be learned from those errors. The critics of the RFMO regime, who complain about the 
slowness of the process, need to be reminded (made aware of, in some cases) that the economic 
management of intra-EEZ and transboundary stocks has also been an evolutionary process in which grievous 
errors of management were made in the early days. One need do no more than refer to the case of the 
aforementioned collapse of the valuable orange roughly resource shared by Australia and New Zealand, and 
to the case of the collapse of the Northern cod off Atlantic Canada159. 

References 
Arnason, R., T. Bjørndal, D. Gordon and M. Bezabih (2018), Measuring Potential Rents in the North 
Sea Herring Fishery, American Journal of Agricultural Economics, vol. 100: 889-905. 

Australian Government, Australian Fisheries Management Authority (2023), 
afam.gov.au/fisheries/south-tasman-rise. 

Balton, D. (1996), Strengthening the Law of the Sea: The New Agreement on Straddling Fish Stocks 
and Highly Migratory Fish Stocks, Ocean Development and International Law, vol. 44: 125-151. 

Barrett S. (2023), Property Rights to the World’s (Linear) Ocean Fisheries in Customary International 
Law, CESifo Working Paper No. 10567. 

Bediako, K. and B. Nkuiya (2022), Stability of International Fisheries Agreements Under Stock Growth 
Uncertainty, Journal of Environmental Economics and Management, vol. 113: 102664.. 

Bjørndal, T. and G. Munro (2012), The Economics and Management of World Fisheries, Oxford 
University Press, Oxford. 

Bjørndal, T., R. Arnason, Z. Mrdalo and M. Nielsen (2022), Post-Brexit Management of Pelagic 
Fisheries in the North-East Atlantic: Norwegian Spring Spawning-Atlanto Scandian Herring, Mackerel, 
and Blue Whiting, SNF Report No. 02/22. Bergen. 

Bjørndal, T. (2023), The North Atlantic and Mediterranean Bluefin Tuna Fishery: Back from the Brink, 
Marine Policy, vol. 157: 105848. 

 

 
159 To those who claim that Northern cod was a straddling stock, it can be conceded that technically they are correct. 
But some 95 percent of the resource was within the Canadian EEZ. The author, as a Canadian, insists that his fellow 
Canadians did it to themselves. See: Bjørndal and Munro, 2012; Committee on Ecosystem Management for Sustainable   
Fisheries, 1999. 



129 

 

Bjørndal, T., M. Lindroos and G. Munro (2024), The Cooperative Management of Internationally 
Shared Fish Stocks in A World of Instability, Marine Policy, vol. 160: 105961. 

Brooks, A., J. Weller, K. Gjerde, U.R. Sumaila, J. Ardon, N. Ban, D. Freestone, K. Seto, S. Unger, D. 
Costa, K. Fisher, L. Crowder, P. Halpin and A. Boustany (2014), Challenging the ”Right to Fish” in a 
Fast-Growing Ocean, Stanford Environmental Law Journal, vol. 33: 289-324. 

Buergenthal, T., and S. Murphy (2002), Public International Law, St. West Group, New York. 

Burke, W. (1994), The New International Law of Fisheries: UNCLOS 1982 and Beyond, Clarendon Press, 
Oxford,  

Committee on Ecosystem Management for Sustainable Marine Fisheries Management (1999), 
Sustaining Marine Fisheries, National Academy Press, Washington. 

Calley, D. (2012), Market Denial and International Fisheries Regulation, Publications on Ocean 
Development vol. 70, Martinus Nyhoff Publishers, Leiden. 

Food and Agriculture Organization of the United Nations (2002), Report of the Norway-FAO Expert 
Consultation on the Management of Shared Fish Stocks, 7-10 October 2002, FAO Fisheries Report No. 
658, Rome.  

Global Ocean Commission (2014), From Decline to Recovery: A Rescue Package for the Global Ocean, 
Global Ocean Commission Report 2014, Oxford. 

Global Ocean Commission (2016), The Future of Our Ocean: Next Steps and Priorities, Global Ocean 
Commission Report 2016, Oxford. 

Grønbæk, L., M. Lindroos, G. Munro and P. Pintassilgo (2020), Game Theory and Fisheries 
Management: Theory and Applications, Springer Nature Applications, Cham. 

Gulland, J. (1980), Some Problems of the Management of Shared Stocks, FAO Fisheries Technical 
Paper No. 206, Rome. 

Kaitala, V. and G. Munro (1993), The Management of High Seas Fisheries, Marine Resource 
Economics, vol. 8: 313-329. 

 Kaitala, V. and G. Munro (1997), The Conservation and Management of High Seas Fishery Resources 
Under the New Law of the Sea, Natural Resource Modeling, vol. 10: 87-107. 

Løbach, T., M. Petersson, E. Haberkon and P. Mannini, (2020), Regional Fisheries Management 
Organizations and Advisory Bodies: Activities and Developments 2000-2017, FAO Fisheries and 
Aquaculture Technical Paper 651, Rome. 

Lodge, M., D. Anderson, T. Løbach, G. Munro, K. Sainsbury and A. Willock (2007), Recommended Best 
Practices for Regional Fisheries Management Organizations: Report of an Independent Panel to 
Develop a Model for Improve Governance by Regional Fisheries Management Organizations, Chatham 
House, London. 

McRae, D. and G. Munro (1989), Coastal State “Rights” within the 200 Mile Exclusive Economic Zone, 
in P. Neher, R. Arnason and N. Mollet (eds.), Rights Based Fishing, Kluwer Academic Publishers, 
Dordrecht: 97-112. 



130 

 

Miller, K., G. Munro, T. McDorman, R. McKelvey and P. Tyedmers (2001), The 1999 Pacific Salmon 
Agreement: A Sustainable Solution?, Canadian-American Public Policy Occasional Paper No. 47, 
University of Maine, Orono. 

Miller, K. and G. Munro (2004), Climate and Cooperation: A New Perspective on the Management of 
Shared Fish Stocks, Marine Resource Economics, vol. 19: 367-393. 

Miller, S. and B. Nkuiya (2016), Journal of Environmental Economics and Management, vol.79: 189-
207. 

Munro, G. (2011), On the Management of Shared Living Marine Resources, paper prepared for the 
Danish Conference on Environmental Economics, Skodsborg, 5 -6 September 2011, 
http://www.dors.dk/sw8606.asp  

Munro, G, A. Van Houtte and R. Willmann (2004), The Conservation and Management of Shared Fish 
Stocks: Legal and Economic Aspects, FAO Fisheries Technical Paper 465, Rome. 

Munro, G. and U.R. Sumaila (2011), Lutter Contre la Pêche Illégale, in P. Jacquet, R. Pachuari and L. 
Tubiana (eds.), Regards Sur la Terre 2011:Océans La Nouvelle Frontière, Armand Colin, Paris: 265-
273. Tag 

Palacios-Abrantes,, J, T. Flölicher, G. Reygondeau, U.R. Sumaila, A. Tagliabue, C. Wabnitz and W. 
Cheung (2022), Timing and Magnitude of Climate - Driven Range Shifts in Transboundary Fish Stocks 
Challenge Their Management, Global Change Biology, vol. 28: 2312-2326.  

Pew Charitable Trusts (2017), pewtrusts.org/en/research and analysis-briefs/2017/10/ the-story- of-
atlantic-bluefin. 

Pintassilgo, P., M. Finus, M; Lindroos and G. Munro (2010), Stability and Success of Regional Fisheries 
Management Organizations, Environmental and Resource Economics, vol. 46: 377-402. 

Roheim, C., J. Sutinen (2006), Trade and Marketplace Measures to Promote Sustainable Fishing 
Practices, ICTSD Natural Resources, International Trade and Sustainable Development and the High 
Seas Task Force, Geneva. 

Serdy, A. (2007), Trading of Fishery Commission Quota Under International Law, Oceans Yearbook, 
21:265-288. 

United Nations (1982), United Nations Convention on the Law of the Sea, UN Doc. A/Conf.62/122. 

United Nations (1995). United Nations Conference on Straddling Fish Stocks and Highly Migratory Fish 
Stocks, Agreement for the Implementation of the Provisions of the United Nations Convention on the 
Law of the Sea of 10 December 1982 Relating to the Conservation and Management of Straddling Fish 
Stocks and Highly Migratory Fish Stocks, UN Doc. A/Conf./164/37. 

United Nations (2023), Intergovernmental Conference on an Internationally Binding Instrument Under 
the United Nations Conference on the Law of the Sea on the Conservation and Sustainable Use of 
Marine Biological Diversity of Areas Beyond National Jurisdiction, Draft Agreement Under the United 
Nations Conference on the Law of the Sea on the Conservation and Sustainable Use of Marine 
Biological Diversity of Areas Beyond National Jurisdiction, New York. 

United States Senate (1985), Pacific Salmon Treaty Act of 1985, Public Law no. 99-5,99 Stat.7. 

http://www.dors.dk/sw8606.asp


131 

 

Willock, A. and M. Lack, Follow the Leader: Learning from Experience and Best Practice in Regional 
Fisheries Management Organizations, WWF International and TRAFFIC International, Sydney. 

  



132 

 

8. Ex-vessel prices may not always rise after fishery 
rationalization 

Lisa Pfeiffer160, 161 

Alan C. Haynie162 

 

1. Introduction 
Different forms of catch share management (e.g., fishing cooperatives, individual fishing quotas [IFQs], 
sectors, or territorial use rights) have been developed as a means for improving efficiency in fisheries by 
eliminating the Olympic style “race to fish” that characterizes fisheries with a common-pool quota. This race 
occurs because harvesters in fisheries that limit mortality through seasonal aggregate catch limits have the 
incentive to compete with one another for the total allowable catch (TAC) (e.g., Gordon, 1954, Scott, 1955, 
Grafton, 1996). It results in incentives for vessels to overcapitalize and increase fishing speed to maximize 
revenue during the open fishing season (e.g., Wilen, 1979, Dupont, 1990). If the number of vessels is not 
fixed by limited entry regulations, the fishery will become overcapitalized via entry (Gordon, 1954). If 
regulations attempt to limit fishing through trip limits, area closures, effort controls, or other input controls, 
harvesters typically respond by expanding effort or capital along the unregulated factors of production 
(Wilen, 1979). This overcapitalization results in the dissipation of fishery rents. 

Catch shares management reduces the dissipation of fishery rents through a variety of avenues. Important 
impacts include the reduction in overcapitalization through a reduction in the number of vessels fishing 
(which can be mandated through vessel buybacks, but also often occurs through market-driven 
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Abstract 
Managing a fishery with individual fishing quotas (catch shares) creates the incentive to maximize the 
value of an individual’s fishery quota allocation; value can be created through a variety of mechanisms, 
including increasing product recovery rates, changing the production process and product mix to 
optimize differences in product value, targeting fish spatially and temporally to obtain the highest value, 
developing markets for byproducts or new products, decreasing the speed of fishing and processing to 
increase quality, or developing trade cooperatives or contracting. While theory suggests that increases 
in ex-vessels prices are one likely outcome of catch share management, empirically, prices may not 
always increase because market characteristics and the potential for drastic changes in product form vary 
widely by fishery. We provide an example of a fishery in which increases in ex-vessel prices may have 
been expected, but have not been realized in the first seven years after the implementation of catch 
shares. 
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consolidation) and the elimination of the incentive to continue to overinvest along other dimensions, such 
as crew, gear, energy, and materials (e.g., Grafton, 1996, Dupont et al., 2002, Grafton et al., 2006). In 
addition, catch shares create the incentive to maximize the value of an individual’s allocation; value can be 
created through a variety of mechanisms, including increasing product recovery rates, changing the 
production process and product mix to optimize differences in product value, targeting fish spatially and 
temporally to obtain the highest value, developing markets for byproducts or new products, decreasing the 
speed of fishing and processing to increase quality, or developing trade cooperatives or contracting (Homans 
and Wilen, 2005, Casey et al., 1995, Dupont et al., 2005). Several pre- and post-catch shares management 
comparisons have demonstrated increases in average prices post-catch shares (Grafton et al., 2000, Brinson 
and Thunberg, 2013, Hannesson, 2013, Arnason, 2005, Wilen and Richardson, 2008, Scheld et al., 2012), and 
several investigate the specific production-related sources of the increase. For example, in the three years 
prior to a trial period of catch shares in the British Columbia Pacific halibut fishery (which was implemented 
in 1991), 42% of halibut was marketed as fresh. In the three years after catch shares were implemented, 89% 
of the catch was marketed as fresh, and the ex-vessel price increased about 55%. The elimination of the race 
for fish allowed harvesters to lengthen the period in which they fished for halibut (from 10 days in 1990 to 
245 days in 1991) to provide fresh product over a longer period rather than glutting the market which 
required that excess harvest be frozen (Casey et al., 1995). Alaska implemented its catch share program for 
Pacific halibut in 1995 which resulted in similar changes in season length, the marketing of fresh rather than 
frozen product, and increases in prices and revenue (Herrmann, 2000). The IFQ program for Atlantic Sea 
scallops in the northeast United States caused vessels to land a larger proportion of scallops in the largest, 
most valuable size class (Ardini and Lee, 2018). Ex-vessel prices are typically the indicator that is looked to 
for evidence of value creation after catch share program implementation (Birkenbach et al., 2023). 

However, in this paper, we posit that while theory suggests that increases in ex-vessels prices are a likely 
outcome of catch share management, empirically, prices may not always increase. This is because market 
characteristics and the potential for drastic changes in product form vary widely by fishery. We provide an 
example of a fishery in which increases in ex-vessel prices may have been expected, but have not been 
realized in the first seven years post-rationalization. In this paper, we investigate prices and production 
strategies of Bering Sea and Aleutian Islands (BSAI) Pacific cod (Gadus macrocephalus) longline 
catcher/processor harvesters before and after the formation of a fishing cooperative in 2010. The 
cooperative allowed the longline sector’s share of the TAC to be allocated to vessels based on historical catch, 
and thus operates as a de facto catch shares fishery.163 While a shift toward the creation of resource rents 
through value-maximization is expected post-cooperative formation, we also consider the characteristics of 
the market into which Pacific cod is sold. In particular, we posit that harvesters’ ability to increase the value 
of the harvest through the means typically discussed in the catch shares literature, including marketing fresh 
or otherwise higher value product, or providing higher quality product, are relatively limited. However, we 

 

 
163 Catch shares or individual fishing quotas can be institutionalized in a variety of ways and the regulations involved in 
different programs vary widely. In the BSAI Pacific cod longline fishery, an act of Congress allowed the formation of a 
fishing cooperative between participants in the fishery. A coalition of fishery participants had lobbied for the act with 
express intention of allocating quota to individual vessels based on historical catch. The sector is not designated as a 
“catch share program” by the National Marine Fisheries Service (NMFS), nor does it receive any exclusive privilege from 
NMFS. The cooperative is entirely voluntary, based on private contractual arrangements, and it is self-regulated. 
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also look at the amount and types of byproducts that are produced by vessels in the fleet. The value of each 
fish caught may increase if byproducts can be effectively marketed.  

2. Data and methods 
The time period for this study is 2003 through 2017. The fishery was managed as a limited entry fishery with 
a TAC set by managers until 2010. In the summer (“B-season”) of 2010, following legislation the previous 
year, a voluntary cooperative within the longline fishery was formed, although the fleet had displayed some 
cooperation (especially in regard to marketing) prior to the formation of the cooperative. The vessels and 
controlling companies themselves spearheaded the lobbying effort to pass Senate bill 1609, which 
established a process and framework for the formation of a fishery cooperative among eligible members of 
the longline catcher processor fishery in the Bering Sea and Aleutian Islands. The cooperative allocates quota 
to individual vessels. The formation of the “Freezer Longliner Coalition” (FLC) significantly changed the 
incentives facing the fishery from a race-to-fish for the seasonal fleet-wide TAC to a fishery where vessels 
may fish their individual allocation of TAC at their desired pace throughout the season. Since 2003, a total of 
39 catcher/processor vessels have fished in the BSAI Pacific cod longline fishery. Five vessels were removed 
from the fleet (3 by a federal buy-back program, and 2 in a buy-out by the cooperative) prior to the formation 
of the cooperative in 2010. The fishery targets Pacific cod with hook-and-line gear in the Bering Sea, Aleutian 
Islands, and Gulf of Alaska. Gulf of Alaska fishing is excluded from this analysis because a separate permit 
endorsement is needed to participate, and fishing there occurs after the Bering Sea season is closed. Pacific 
cod is one of the highest-value commercial groundfish species caught off Alaska, behind Alaska pollock (Fissel 
et al., 2013). The FLCC caught about 54% of the total catch of Pacific cod in the BSAI in 2012-2016 (Thompson, 
2017). 

Price data were obtained from the Alaska Department of Fish and Game’s Commercial Operator’s Annual 
Production Report (COAR) via the Alaska Fisheries Information Network (AKFIN). Prices are annual, vessel-
specific averages for each product type sold.164  

Two main products are produced in the factories on-board the vessels: fish are “headed and gutted” (H&G) 
and then frozen into either Eastern cuts or Western cuts. For Western cuts, the pectoral collar or girdle is left 
intact. Western cuts are destined for the salt cod markets in Southern Europe and Brazil. For Eastern cuts, 
the pectoral collar is removed. Eastern cut Pacific cod is exported to China and Japan, mainly for reprocessing 
and re-export to Europe and the United States (Fissel et al., 2013). Byproducts such as roe, heads, and 
stomachs represent a small portion of production (3%) and revenue (5%).165  

We calculate annual average ex-vessel revenue per pound of catch, as well as product-specific average prices 
per pound of product produced. We analyze trends in each to address the hypothesis that the cooperative 
incentivized the creation of value in the fishery. We test for an increase in revenue per pound of catch and 
product-specific prices using aggregate data and regressions that control for vessel effects. Finally, we test 
for an increase in product-specific prices compared to other fishery sectors that also catch and process BSAI 

 

 
164 Catcher processors have been required of to report COAR data only since 2002, limiting earlier analysis of Pacific cod 
catcher processor product prices. 
165 Production and revenue percentages are the average of 2002-2011. 
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Pacific cod, including the “Amendment 80” trawl fleet, which processes about 20% of the total processed 
weight of BSAI Pacific cod, and the “AFA” catcher processors and mothership fleet, which process about 5%. 
Another 10% of the total processed weight is processed by shoreside processors and other floating 
processors. We use a differences-in-differences regression framework to identify the effect of catch share 
management in the longline fleet from price trends occurring in the broader market for Pacific cod (Angrist 
and Pischke, 2008). 

We then analyze the types of primary products and byproducts that are being produced by the fleet. A change 
in the proportion of different types of products could indicate value creation through specialization or 
diversification. Finally, we link changes in byproduct production to the characteristics of vessels, to determine 
if there are systematic drivers of changes.  

3. Results 
Figure 1 shows that average revenue per pound caught (in inflation-adjusted 2015 $) has varied between 
$0.55 and $1.1 per pound, with the high occurring in 2008. Revenue per pound caught has been the lowest 
in 2013-2015, corresponding to the period of the greatest catch volumes. Increases in catch are driven by 
increases in TAC, which was also at its highest levels in 2012-2017 but varies considerably over time 
(Barbeaux et al. 2023). Average revenue per pound of catch is highly correlated with prices of the two 
principal processed products: eastern and western cut headed and gutted (H&G) (Figure 2). 

 

Figure 1. Average vessel revenue per pound of catch (2015 $), and total catch by the BSAI Pacific cod 
longline fishery 
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Figure 2. Annual reported fleet-wide average prices for each product (2015 $) 

 

Table 1. Estimated difference in prices from the pre-cooperative period (2003-2009) to the post-
cooperative period (2011-2015). 2010 is excluded because the cooperative formed between the A 
and B seasons in 2010. Prices are inflation adjusted (2015 $) 

 Price per pound, eastern cut 
H&G 

Price per pound, western cut 
H&G 

Revenue per pound of catch 

 Regression 
using annual 
data 

Vessel fixed 
effects 
regression 

Regression 
using annual 
data 

Regression 
using annual 
data 

Regression 
using annual 
data 

Vessel fixed 
effects 
regression 

Difference in 
prices pre- to 
post-
cooperative 

0.38 0.69** 0.38 0.64*** 0.26 0.31** 
(0.27) (0.17) (0.22) (0.10) (0.14) (0.08) 

BSAI TAC 
(thousands 
metric tons) 

-0.01* -0.01** -0.01** -0.01*** -0.01** -0.01** 
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 

Constant 4.16*** 4.16*** 4.05*** 4.03*** 2.31*** 2.45*** 
(0.82) (0.77) (0.67) (0.54) (0.41) (0.43) 

Adj R2 0.51 0.41 0.61 0.53 0.54 0.40 
N 14 403 14 388 14 449 

Note: Standard errors in parentheses. Errors are clustered by year in vessel fixed effects regressions. * p < 0.05, ** p < 
0.01, *** p < 0.001. 

Figures 1 and 2 show that prices were highest in 2006-2008 and have since returned to the level that they 
were pre-2006. Simple t-tests comparing prices (both revenue per pound of catch and product prices) pre- 
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and post-cooperative formation result in negative, but insignificant, price changes. When TAC is used to 
control for the annual volume of Pacific cod caught in the Bering Sea and Aleutian Islands, which is inversely 
related to prices (Figure 1), the price changes are positive but insignificantly different from zero (Table 1). 
When vessel-level data is considered with vessel fixed effects, prices for eastern cut H&G increased by $0.69 
from the pre- to the post-cooperative period, and prices for western cut H&G increased by a similar 
magnitude. Revenue per pound of fish caught shows a similar pattern; the change in insignificant using 
aggregate annual data but increased by $0.31 from pre- to post-cooperative when vessel-level data are used. 

However, these increases might not be a result of the cooperative formation but rather be driven by broader 
market changes in the prices of Pacific cod. The difference-in-difference (interaction of the “post-
cooperative” indicator variable with the “longline cooperative vessels” indicator variable) identifies the effect 
of the cooperative formation from the underlying price trend (Table 2). In the first three columns, the A80 
trawl processing vessels are used as the control. The A80 trawl fleet was rationalized in 2008. In the second 
three columns, all BSAI non-FLCC processors, including A80 vessels, AFA vessels, other floating processors, 
and shoreside processors, are used as the control group. The results indicate that there was no effect on ex-
vessel prices of processed eastern or western cut headed and gutted Pacific cod, nor revenue per pound of 
catch, that is attributable to the formation of the cooperative in the longline fleet (Table 2).  
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Table 2. Difference-in-differences of prices from the pre-cooperative period (2003-2009) to the post-
cooperative period (2011-2017), controlling for differences in prices of trawl-caught Pacific cod by 
the Amendment 80 fleet, which was rationalized in 2008, and all non-FLCC processors (including A80, 
AFA, other floating processors, and shoreside processors) 

 A80 trawl vessels as control  All non-FLCC processors as control 
 Price per 

pound, 
eastern cut 
H&G 

Price per 
pound, 
western 
cut H&G 

Revenue 
per pound 
of catch 

Price per 
pound, 
eastern cut 
H&G 

Price per 
pound, 
western 
cut H&G 

Revenue 
per pound 
of catch 

Difference (prices pre- to 
post-cooperative) in 
difference (longline vessel 
prices compared to control 
group vessel prices) 

-0.05 
(0.18) 

-0.26 
(0.19) 

-0.02 
(0.12) 

-0.04 
(0.22) 

-0.07 
(0.15) 

0.09 
(0.15) 

Post-cooperative 0.45 
(0.22) 

0.58* 
(0.23) 

0.23 
(0.13) 

0.28 
((0.19) 

0.55*** 
(0.12) 

0.17 
(0.15) 

Longline vessels 0.39** 
(0.13) 

0.30* 
(0.13) 

0.11 
(0.08) 

0.13 
(0.16) 

0.16 
(0.10) 

-0.01 
(0.11) 

BSAI TAC (thousands metric 
tons) 

-0.01*** 
(0.00) 

-0.01** 
(0.00) 

-0.01*** 
(0.00) 

-0.01** 
(0.00) 

-0.01*** 
(0.00) 

-0.01*** 
(0.00) 

Constant 3.84*** 
(0.62) 

3.59*** 
(0.63) 

2.00*** 
(0.36) 

3.34*** 
(0.56) 

4.26*** 
(0.38) 

2.31*** 
(0.44) 

Adj R2 0.58 0.39 0.40 0.21 0.49 0.24 
N 28 27 28 75 74 56 

Note: Standard errors in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001 

Vessels also produce a wide variety of byproducts with the parts of the fish left over from heading and 
gutting. We chart the production of each byproduct (belly flaps, chins, heads, milt, pectoral girdle, roe, 
stomachs, whole bait, and other) to look for the expansion of markets and the emergence of new byproducts 
and byproduct markets. Figure 3 shows that the mix, as well as the proportion of byproducts produced, has 
changed since the formation of the cooperative. Pre-2010, stomachs, roe, and milt were the primary 
byproducts. Starting in 2010, pectoral girdles, heads, chins, and other products made up an increasing 
proportion of total production, as well as stomachs, roe, and milt.166 In addition, the proportion of byproducts 
in total production increased from an average of 0.032 pre-cooperative to an average of 0.063 post-
cooperative, an increase of nearly 100% (t-test of the difference significant at the 1% level).  

 

 
166 Inspection of weekly production data indicates that the “B” season of 2010 contains the same expanded mix of 
byproducts as the rest of the post-cooperative period, and that the 2010 “A” season appears more like the pre-
cooperative period. The cooperative officially formed between the A and B seasons of 2010. 
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Figure 3. Byproduct production as a proportion of total production weight. “Other” includes 
unspecified other products and products that made up a very small proportion of byproducts: belly 
flaps, fillets, whole bait, and minced or meal 

Table 3 indicates that the increase in the proportion of byproducts in total production, as well as the 
proportion of total revenue from byproducts, has increased even when controlling TAC and for the 
production choices of A80 fleet vessels. Both proportions were higher when controlling for all non-FLCC 
Pacific cod fleets, although the coefficients were not significant at the 5% level.  

  

0

.02

.04

.06

.08

.1

By
pr

od
uc

ts
 a

s 
a 

pr
op

or
tio

n 
of

 to
ta

l p
ro

du
ct

io
n 

w
ei

gh
t

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

Cheeks or chins Heads

Milt Other

Pectoral girdle Roe

Stomachs



140 

 

Table 3. Difference-in-differences of byproduct production and revenue from the pre-cooperative 
period (2003-2009) to the post-cooperative period (2011-2017), controlling for differences in 
production choices of trawl-caught Pacific cod by the Amendment 80 fleet, and all non-FLCC 
processors (including A80, AFA, other floating processors; shoreside processors were dropped due to 
incomplete byproduct information) 

 Proportion of 
production in 
byproducts 

Proportion of 
production in 
byproducts 

Proportion of 
production in 
byproducts 

Proportion of 
revenue in 
byproducts 

Proportion of 
revenue in 
byproducts 

Proportion of 
revenue in 
byproducts 

  A80 control All non-FLCC 
control 

 A80 control All non-FLCC 
control 

Difference in 
differences  

 0.04*** 0.18  0.03** 0.21 
 (0.01) (0.11)  (0.01) (0.14) 

Post-
cooperative 
 

0.03 -0.01 -0.13 -0.00 -0.02 -0.16 
(0.02) (0.01) (0.11) (0.02) (0.01) (0.14) 

Longline vessels  -0.00 -0.18*  0.00 -0.22* 
 (0.01) (0.08)  (0.01) (0.10) 

BSAI TAC 
(thousands 
metric tons) 
 

-0.00 -0.00 -0.00 0.00 0.00 -0.00 
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 

Constant 0.05 0.05 0.31 -0.01 0.01 0.35 
(0.06) (0.04) (0.33) (0.05) (0.03) (0.39) 

Adj R2 0.38 0.48 0.10 0.07 0.35 0.12 
N 14 28 56 14 28 56 

Note: Standard errors in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001 

While the proportion of byproducts has increased in the aggregate, there is evidence the change is being 
driven by a portion of the fleet. Eleven vessels had statistically significant increases in the proportion of 
byproducts. Four more had large increases in the proportion of byproducts but were newly built since the 
cooperative formation (2 vessels) or participated in only 2 or 3 years prior to the cooperative formation (2 
vessels). For these fifteen vessels, the proportion of byproducts per pound of total production has increased 
from about 0.04 to 0.07 (t-test of the difference significant at the 1% level). When we look at the 
characteristics of the vessels that have increased, we find that they are not significantly different in terms of 
length, gross tonnage, hold size, or horsepower, but they are significantly newer vessels. The average age of 
vessels that have increased the production of byproducts as a proportion of total production was 32 years 
(FMI: I used 2017), and for those that have not, the average age was 51 years (t-test of the difference 
significant at the 1% level). The ability to produce and store marketable byproducts is a result of having 
specialized equipment on board, and is likely the result of investments made by individual vessels or 
companies, especially when designing new or modified vessels. 

4. Conclusion 
The adoption of catch shares for fisheries management is often associated with vessel buy-back programs or 
other means by which overcapitalization in fisheries is reduced. Often overlooked, however, are the 
behavioral changes in fishing and processing that create resource rents by increasing the value of the catch. 
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This analysis tests for changes in average value of processed catch, and the average value of the primary 
products produced by the longline fleet after the formation of a cooperative.  

We find no evidence of increases in ex-vessel prices of the principal products produced by the longline 
catcher/processor fleet, or of revenue per pound of catch. However, we argue that in this fishery, it is not 
necessarily expected that ex-vessel prices would increase. Pacific cod is virtually all sold frozen to established 
markets. Headed and gutted product is primarily exported to be reprocessed, and is a substitute for Atlantic 
cod (Fissel et al., 2013). As such, the potential for sweeping changes in the product form, such as a switch 
from frozen to fresh fish as occurred with halibut or the increased production of higher value roe in pollock 
appear relatively limited. Rather, efforts to increase value seem to have occurred at the margin, in the form 
of changes in byproduct retention and production. The processes of market development, experimentation, 
learning, investments in new machinery, and the development of profit-maximizing responses to market 
conditions under the incentive structure are likely to evolve over time, however.  

These results contrast with the results from several fisheries where product forms changed dramatically 
(Casey et al., 1995, Herrmann, 2000). However, there are other fisheries with similar minimal potential for 
changes in product form that have not been the focus of price-related studies, perhaps because of non-
results. For example, catch shares in the Alaska pollock catcher-processor fishery were institutionalized 
through the formation of fishing cooperatives in 1999. The product forms have not changed at all, but the 
production process has since focused on factory efficiency: on-board factory processing lines are optimally 
tuned to the size of fish that is being caught, fishing occurs at the most efficient rate for factory throughput, 
and the production process of primary and byproducts maximize product recovery rates (Wilen and 
Richardson, 2008). There is no evidence of wholesale market-related gains from the 2011 West Coast Pacific 
whiting catch share program; Pacific whiting degrades quickly unless frozen and is mainly exported (Guldin 
and Anderson, 2018). 

The characteristics of specific fisheries and markets determine the means through which harvesters and 
processers might increase resource rents under catch shares, and this is evident across catch share fisheries 
in Alaska. In the sablefish and halibut fisheries, a complete transformation of product quality and form 
occurred. In the pollock at-sea fishery and Pacific cod longline fishery, profits were increased by fine-tuning 
harvesting and production efficiency.  

The elimination of the race to fish has resulted in a lengthening of the season. Slower fishing allows harvesters 
to focus on maximizing quality and recovery rates. With the available data, we cannot measure changes in 
quality, so we focus on byproduct production. We find that production and revenue from a variety of 
byproducts have increased post-cooperative, and in particular, for a subset of vessels in the fleet. These 
vessels tend to be newer, but otherwise similar in terms of length, tonnage, and other observable 
characteristics. Slower fishing allows harvesters to devote more space in their holds for byproducts that prior 
to the formation of the cooperative may have been discarded in favor of filling the hold with their primary 
products (headed and gutted frozen fish). These results support the hypothesis that individual allocations 
allow harvesters to focus on ways in which their vessel is able to increase the value per ton of catch, and that 
these strategies may vary widely across even a relatively homogenous fleet. Rents likely increased along 
other, less observable margins as well. The cooperative structure of the fishery is stable, fishery participants 
foresaw the Pareto improvements possible from cooperative formation, pursued costly transactions 
(including pursuing the legislative solution to allow the formalization of the coalition and the buyout of 
several vessels), and thus can be assumed to be maximizing the game-theoretical concept of the “grand 
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coalition” payoff (Compte and Jehiel, 2010). To do so, cooperative members can be assumed to be 
collectively rational, and thus searching out all possible means of increasing rents. 

In the future, if the Pacific cod fishery follows other rationalized fisheries in the BSAI, vessels are likely to re-
tool their factories to support the production of new byproducts and products for niche markets. In fact, two 
companies have built entirely new vessels to replace old vessels.167 These new vessels have larger holds, 
more efficient engines, and are designed for full utilization of the target species. These results, as well as the 
anecdotal evidence of vessel re-tooling and new construction, contribute to an understanding of why 
markets for different products may develop. Catch share management decreases the opportunity cost of 
product development. Vessels may experiment with different product forms or timing, such as the shift from 
a winter roe-for-food market to a summer roe-for-bait market. New products may also be developed as a 
result of expanded marketing. The BSAI longline sector had a marketing cooperative even before the 
formation of the fishing cooperative, and it is very active in seeking new markets. With catch shares, vessels 
and fishing companies are more likely to be willing to risk targeting certain types of fish or producing niche 
products because they do not risk losing fish to other harvesters. This paper contributes to the understanding 
of the mechanisms through which rent creation can occur. It also contributes to the understanding of why 
price effects of catch shares may not occur in all fisheries.  
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