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Abstract

This paper examines the threat of extinction that faces the Atlantic Bluefin Tuna due to overfishing. The problem is first defined as a ‘tragedy of the commons’, and the game theory behind the behaviour of the fishermen is discussed.  Subsequently, three solutions are analysed to deal with the issue.  A trade embargo and a Pigouvian tax approach were found to be inefficient and difficult to apply. The third solution however, involving a cap and trade approach, was found to be both efficient and effective. In this system, each country gets a fixed quota which they can distribute amongst local fishermen. These individuals can then trade their fishing permits in an international market. The paper later goes on to identify the steps needed to transition from the present state to the proposed system. 
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1) Introduction
Fishing has been a common human practice for millennia. Human beings have always relied on fish as an integral part of their diet, and the development of ancient civilisations on the banks of water bodies made fish a readily available source of food. Over the years, the human population has swollen to approximately 6 billion people, leading to an ever increasing appetite for fish. This has been accompanied by far more sophisticated fishing methods, which allows man to catch several more fish much more easily. These developments have led to several types of fish becoming scarce resources, thereby bringing them directly into the scope of microeconomic analysis, which deals with problems of scarcity. 
There are several agencies that are devoted to the conservation of flora and fauna around the world. One of the most important global ones is the Convention on International Trade in Endangered Species (CITES). CITES has listed 86 fish species as endangered by international trade in its Appendices (CITES Website, 2010). However, one of the most talked about and controversial species is not listed there at all. This is the Bluefin Tuna, a commonly consumed fish that has seen its numbers decline severely in the last few decades. In fact, by some estimates, the last forty years have seen Atlantic and Mediterranean Tuna stocks depleted by as much as 70 – 80% (Wildlife Extra, 2009). 

The problem with the Bluefin Tuna is excessive and indiscriminate fishing in several different parts of the world. However, as with any commodity, the supply has to be linked to demand. The high demand for tuna in several dishes, notably sushi and sashimi which is sold around the world, has exacerbated the problem. With this issue in mind, Monaco proposed a complete worldwide ban on the trade of Bluefin Tuna (BBC News, 2010). This proposal was presented as a motion at the CITES meeting in March 2010, and found backing from the U.S.A. and the E.U (BBC News, 2010). However, the motion failed after 72 of the 129 CITES members voted against the ban (WWF, 2010). 

One of the main challenges of this ban was that several countries still experience high demand for tuna, or have fishing industries that rely heavily on catching these fish. In Japan, for example, one Bluefin Tuna was sold for a record price of $104,700 in 2009. While this price is exceptional, it does give an indication of the premium placed on this species, and why Japan is so reluctant to support a complete ban.  
The nature of this debate gives rise to the question of whether this is the best way to deal with the problem. If indeed a complete ban is the most effective approach, then countries can continue to pursue it. However, there are other economic alternatives at their disposal, which are interesting to study in detail. It is this dilemma that gives rise to the research question of this paper, “What is the most economically effective way to tackle the problem of overfishing of Bluefin Tuna?” 
This paper will first present the problem of overfishing of Bluefin Tuna within the context of economic theory, particularly the approach outlined in the ‘Tragedy of the Commons’ scenario. Once the problem has been set up, three main methods of solving it will be looked at: a complete ban on fishing and trade, the imposition of a global tax on Bluefin Tuna and finally, a cap-and-trade system similar to that being used in carbon markets. Particular attention will be paid to the last method, as a quota system already exists in the Bluefin Tuna market, meaning that with a little refinement, this could be the most practical measure. Finally, after analysing each of these methods, this paper will attempt to recommend the best way forward regarding the amelioration of this economic problem.  
2) Theoretical Framework

As mentioned earlier in the paper, overfishing has led Bluefin Tuna to become a finite and endangered resource in our oceans. The nature of this resource is such that its consumption leads to a depletion of the resource from its natural habitat. The setup outlined here displays symptoms of a classical economic structure that has been identified for decades, and is known as the ‘Tragedy of the Commons’. 
2.1) Tragedy of the Commons

The dilemma of the ‘Tragedy of the Commons’ was first outlined by a mathematician named William Forster Lloyd in the year 1833 (Hardin, 1968). However, it achieved structural and academic importance after Garrett Hardin published an article of the same name in 1968 (Hardin, 1968). Hardin used the same framework and concept as Lloyd, but adapted the model using more relevant and contemporary examples.  

The classic Tragedy of the Commons takes place on an open pasture without any ownership or entry restrictions. Grazers can bring as many head of cattle to graze as they wish, without any unit cost. As long as natural causes like poaching and wars between grazers exist, the cattle will die and their numbers will be limited. However, in a socially sustainable world like we live in today, such problems have almost been eliminated. In this world, each grazer would seek to maximise his utility. This consists of bringing as many cows to graze as he can. The benefits of each cow accrue almost entirely to the owner of the cow. However, the cost of depletion of resources, in this case the grass in the pasture, is borne by all the grazers collectively. This setup, which is identical to a classic Prisoners’ Dilemma, leads to an outcome wherein individual utility optimisation is harmful to the collective good. Thus, in any instantaneous cost-benefit analysis, a grazer would maximise utility by bringing more cows to the pasture. Such an attitude would lead to the pasture eventually getting depleted, thereby rendering it useless for all grazers alike (Hardin, 1968). This gives rise to the ‘tragedy’, where Adam Smith’s Invisible Hand actually leads to an eventual outcome that is detrimental to all parties. 

In the case of tuna fishing, the parallels are obvious. Bluefin Tuna is a scarce resource that can be classified as a ‘Commons’, i.e. it is accessible to all in principle. Hence, the manner in which individual fishermen or nations participating as individual actors will eventually deplete the resource would be identical to the case of the grazers and the pasture.


The problem of the Commons can be presented in a more precise and analytical manner using the approach outlined by Gibbons (1992). He applies game theory to Hardin’s example to lend the concept a more mathematical character. Suppose that the ith farmer owns gi goats, and the total goats (G) is the sum of g1 +...+ gn. When the common pasture is being used by G goats, each farmer gets a value of v(G) per goat. Because of the limited nature of the pasture, a maximum number of goats, Gmax, can graze there while providing their farmers a positive v(G). However, if the number of goats exceed Gmax, v(G) will be sub-optimal. In addition, Gibbons introduces decreasing marginal productivity of land, meaning that as the number of goats tend towards Gmax, they get less and less food, until the point where they just about exist. This can be observed in the diagram below:
[image: image2.png]Decreasing Marginal Utility in the Pasture
v

Grax G





If each farmer has to independently and simultaneously choose the number of goats, they would choose the strategy that provides them the highest payoff. Without going into the technicalities of this first-order utility optimisation, we can derive from Gibbons (1992) that the Nash equilibrium leads to more goats being grazed than should be under the social optimum, i.e. Gmax is exceeded, leading to a v of zero. Because each farmer only considers his optimality, the socially optimal level cannot be attained.   
2.2) Theoretical Approach to Problem Solving

Hardin primarily defined his scenario to deal with a situation where the agents themselves do not negotiate to reach an optimal scenario. In other words, the game takes place within a constricted set of rules imposed from outside, e.g. by the government. Several researchers, however, like Faysee (2005) point out that even within this constrained game, a ‘tragedy’ does not have to be the only solution. It is clear that each agent will choose their own dominant strategy. Thus, the game needs to be adapted slightly to produce a dominant strategy which does not lead to a severely negative collective outcome (where the commons is destroyed).

One of the most effective changes within such a scenario is the imposition of a Pigouvian tax. This measure, which is also used for public goods, has the advantage of not requiring a redefinition of property rights or alteration of the resource’s identity as a commons (Faysee, 2005). A tax would imply that agents still pursue their optimal strategy, but now there is an added cost to the consumption of the scarce commodity. In other words, the higher the tax burden, the greater is the incentive for ‘underinvestment’ or exploitation of the resource. When applied to the case of the Bluefin Tuna, a tax would clearly serve as a disincentive to either the consumers of the good or to the fishermen who are ‘producing’ the good. As Faysee (2005) goes on to point out, a correctly imposed tax could create a scenario where the dominant strategy of individual agents leads to a collective outcome that is not detrimental to all fish stocks. This approach, however, assumes the presence of a ‘government’ or authority of supranational nature which does not require the active collaboration of the same agents who use the common resources. 
At the other end of the spectrum is the approach that international resources are arbitrated and managed by several different governments, without the physical presence of a superseding authority. This is a more sophisticated and realistic scenario, where the different agents themselves, in this case nation states, must come together and negotiate to formulate new rules. For example, Ostrom (1999) argues that bargaining between individual agents is more effective than a top-down approach from a government too. All that is required is a minimal group of agents for whom the benefits of new rules outweigh the costs of formulating them (Ostrom, 1999). Faysee (2005) briefly describes the various ways in which this can be modelled using a game theoretic approach, based on the works of other researchers. However, the complexity of designing cooperative games where agents agree to set up new rules together is too much for the scope of this paper. In addition, researchers in the past, like Shapley and Nash, have used different models and hence come to quite different conclusions from one another regarding the resolution of the Tragedy of the Commons (Faysee, 2005). This paper will focus on variations of the non-cooperative approach between agents.  

One approach towards solving the problem of common pooled resources is the Coase Theorem approach. This method lies between the original approach of Hardin and others, where there is a central authority, and that suggested by Ostrom and others, where the agents negotiate amongst themselves. Coase envisages a scenario where there are two agents, and one’s actions cause harm to the other. The conventional approach has been to stop the aggressor (A) from harming the victim (B). However, as he puts it, “We are dealing with a problem of a reciprocal nature. To avoid the harm to B would inflict harm on A” (Coase, 1960). When applied to the problem of the Bluefin Tuna, we observe that if fishing were to be stopped or curbed, conservationists would benefit but fishermen would lose. Since this is a source of income for fishermen, curbing the practice would be harmful to their interests. Coase’s solution was to provide private property rights over fishing waters to either party, and then allow them to negotiate an agreement that is suitable to both sides. What Coase is suggesting in essence, is an amalgamation of Hardin’s approach where a central authority exists, but where the responsibility is quickly devolved to private agents through property rights, leaving the negotiations to the agents themselves as suggested by Ostrom and others.  

Another deviation from the traditional command and control government management of resources is the cap-and-trade system (Tietenberg, 2002). This approach was first proposed by Baumol and Oates (1971), and was called the ‘environmental pricing and standards procedure’. After establishing a set of standards, they allowed companies to trade any permits that were surplus to their needs. This gives firms a direct incentive to consume less, thereby incentivising restraint in the exploitation of common pooled resources (Baumol and Oates, 1971). Montgomery (1972) built upon this by demonstrating that the initial allocation of permits is immaterial, because they will inevitably end up with those parties that value them the most. The implications of these two theories are very important for the tuna case. It means that if countries or a supranational authority can decide on an initial cap on Bluefin Tuna fishing, the individual agents will then divide and trade their fishing permits in a manner that is most economically efficient. Baumol and Oates (1971) state explicitly that this method will “not in general produce a Pareto-efficient allocation of resources”; nevertheless, it achieves the aims of Pigou’s measures with a lower efficiency cost to the general economy. 
3) Analysis of Solutions

In this section, each of the four proposed solutions to the problem of Bluefin Tuna overfishing will be analysed individually. A complete trade Embargo, a Pigouvian tax and a Cap-and-Trade system will be looked at closely, beginning with the economic theory behind them before going on to an analysis of the impacts of each method. 
3.1) Trade Embargo

A trade embargo can be defined as a government order imposing a trade barrier (Princeton Wordnet, 2010). Historically, embargos have been sanctioned several times by some countries towards others, primarily for political considerations. For example, the EU has an arms embargo on North Korea, which it considers a hostile state (U.K. Government Archives, 2010). Similarly, there can be international embargo on certain sensitive goods, like the ban on trading nuclear fuel and technology with non-signatories to the Nuclear Non-Proliferation Treaty (NPT).  

Within the international community, the option of concerted trade bans does exist. It was this option that Monaco sought to exercise when they tabled a motion for a complete ban on Bluefin Tuna trade. The move got E.U. backing in March 2010, while the U.S. was already in favour of such a move (BBC News, 2010). However, for the ban to be applicable worldwide, it had to be approved at the CITES meeting.  The motion was blocked at the meeting in March 2010 by a bloc of countries that rely heavily on the Bluefin industry for economic reasons (ABC News, 2010). However, this still leaves open the question of the impact such a ban would have had, because efforts to impose such a ban are still on-going. 
Development and application of the model

Estimating the effects of a trade embargo is difficult because of the absence of naturalised experiments. It is not practical for a researcher to impose a trade ban on a particular good, measure the effects and then compare the results with the situation before the ban. Hence, academic precedent is sparse in this field, with researchers only providing a framework in which the effects can be measured. In this paper too, the effects in the event of a trade ban cannot be accurately computed, but a rudimentary estimation of such an action will be presented.


Douglas Irwin (2005) measured the effects of a self-imposed trade embargo in the U.S. in the early 19th century. His description of a general equilibrium model, which he in turn adapted from the work of Grinols and Wong (1991), will be adapted for the purposes of this paper. The fundamental method used in this case is an assessment of the change in welfare before and after the imposition of the embargo. Let ΔW be the change in welfare and let the periods before and after the embargo be 1 and 2. Then, the equation to measure ΔW can be shown as:  
ΔW = {(p1 – pw1) x m1} – (p1 x m0) + sc + sp,   

 

(1)
where p refers to local prices of the good under embargo, pw refers to the world price of the good, m is the trade function and represents consumption minus production and sc and sp represent the substitution effects of consumption and production respectively after the embargo, while 1 and 0 represent the corresponding time period.  


When this model is applied to Monaco’s proposal to completely ban Bluefin Tuna, we require a small adaptation. Since there will be no trade at all, m1 acquires a value of zero. In other words, each country’s consumption is restricted to its production or catch. Thus, equation (1) can be rewritten as:

ΔW = – (p1 x m0) + sc + sp,
   

 

(2)

If a complete embargo is placed on Bluefin Tuna trade, any individual country will experience a change in welfare ΔW. A diagrammatic representation of the change in utility is presented below:
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As seen in the figure, before the embargo a country has price and quantity P and Q respectively, i.e. a lower price and a higher quantity. However, with the embargo, when only locally produced goods are available, supply changes to S1. This is because each Bluefin Tuna fishing country can only fish a fixed quota, making that the limit of supply. In such a situation, consumers can only get quantity Q1 at a higher price of P1. 


In this paper, we shall look at the welfare effect for one single Bluefin importing country. Since it is the largest importer, the country that this section will focus on is Japan. According to a CITES report on the issue, Japan reported its 2007 import of Atlantic Bluefin as 32,356 tonnes (CITES Listing Proposal, 2009). Its corresponding catch for the same year was only 2,365 tonnes (ICCAT Database, 2010). Thus, its total consumption will be the sum of these two, 34,721 tonnes of Atlantic Bluefin Tuna. The average price has been estimated to be approximately $90,000 per tonne (Answers.com, 2010). Some of the economic information is presented in the table below: 

	m0
	p0
	sp
	sc

	32,356 tonnes
	Approx. $90,000/tonne
	Assumed 0, because of fishing territorial sovereignty
	Assume 0, because it is a luxury (low price elasticity)


From equation (2), the missing expression is p1. However, it is very difficult to make a reasonable estimation, because there is no precise data on the shape of the demand curve. If there is a unit rise in p1 compared to p0, it will result in a ΔW of -32,356. If we correct for a much higher price rise, as well as include other utility determinants like a strong preference for Bluefin tuna and the status symbol it has in Japanese society, we would arrive at a welfare loss of a much higher magnitude. 


This simplistic model captures to some extent the welfare loss that will accompany a complete ban of Atlantic Bluefin tuna trade. Despite focussing on only one country, the reader can see how the effects will be felt on a huge scale. Certain poor Bluefin exporting countries like Libya will also suffer a lot. In their case, the total welfare loss will be less, but the social repercussions may be more acute because fishing trade is a subsistence industry. In terms of conservation of the species, it will have undoubted positive effects, but the law could also lead to black markets and smuggling of this fish. Thus, from an economic perspective, an embargo would be a very expensive process with large inefficiencies present in the final solution.   
3.2) Pigouvian Tax

A different approach towards the problem of overfishing could lie in the solution proposed by A.C. Pigou, an English economist. This approach lies in the fundamental identification of fishing as an activity that produces a negative externality. An externality is essentially a social effect or impact produced by a private activity. In the case of overfishing of Atlantic Bluefin Tuna, a negative externality is created because the general public will be deprived of this species if it becomes extinct. However, this is not reflected in the private cost to the producer, nor is there a private benefit to the consumer. Hence, the cost of an externality is not fairly reflected in its price.
The working of a Pigouvian tax can be observed in the diagram below:

Impact of Pigouvian Taxes
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As can be seen in the figure, free market operations at ‘original output’ would result in an extremely high level of marginal social costs. However, with the imposition of the tax, output shrinks to ‘new output’, where marginal private cost, marginal social cost and price are all equal. This is the socially optimal output. In addition, the government will gain tax revenue equal to the shaded portion in the diagram. 
Development and application of the model

In this paper, William Baumol’s (1972) interpretation of Pigouvian taxes will be used. Baumol used a neo-classical approach towards Pigou’s theories, analysing them through the prism of Coase and other late 20th century economists’ perspectives. 

Let us begin by setting up the problem of the Atlantic Bluefin Tuna in the form of a stylised case. Suppose that a supranational authority exists, which plays the role of the government. This organisation does not have the characteristics of an international body where different nations negotiate agreements, but rather is a ‘government’ that can dictate policies to member states. Now let the countries be individual agents in this scenario. These agents can be divided into two main groups: the ‘fishing nations’, which either favour production or consumption of tuna, and the ‘conservation nations’, which favour protection of the species. This is where the question of whether to apply the Pigouvian prescription of a tax comes in. According to Baumol (1972), “An appropriately chosen tax, levied only on the (fishing nations), is precisely what is needed for optimal resource allocation under pure competition”. If, however, the tax is too low, more tuna will be killed than is optimal, and if it is very high, then too few tuna will be killed. 

As is often the case with negative externalities, the Bluefin Tuna example also could have more than one optimal solution. Baumol (1972) implies that the optimum would either be for fishing to continue unchecked, as favoured by ‘fishing nations’, or for no fishing at all, as favoured by ‘conservation nations’. The socially optimum depends on the cost of stopping fishing, as opposed to the cost of losing Bluefin tuna to extinction. The optimal tax must be set such that quantity is adjusted to the appropriate level. 
Let’s assume that the cost of the tuna becoming extinct is 1. The cost of stopping all fishing activities is represented by f, while the cost of compensating the ‘conservation nations’ for the right to fish is c. If we define f < 1 and f < c, then clearly it is cheaper to cease fishing activities and trade. Thus, the tax in this case would be 1 (or any value greater than f), such that fishing nations don’t fish any more. However, if f < 1 but f > c, it would be optimal for ‘conservation nations’ to allow fishing to continue. In this case, the Pigouvian tax should be 0 (or any amount less than f), to allow fishermen to continue fishing.  This has been represented in the table below:
	Condition
	Pigouvian Tax
	Result

	f < 1, f < c
	1 (or > f)
	No more fishing

	c < f < 1
	0 (or < f)
	Fishing will continue


The conditions given above lead to these taxes if we have a binary situation of fishing or no fishing. However, a more sophisticated and realistic model will have the option of taxing such that fishing is reduced to an appropriate level. Several ICCAT scientific estimates put the appropriate Bluefin fishing level at around 8000 tonnes (Wall Street Journal, 2010) in 2009, which is the level that this paper will consider to be safe. Finally, the slope of the marginal social cost curve will not be even, but will reflect a sharp increase as tuna stocks reach a critically endangered level. The following diagram represents these aspects: 
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MPC represents marginal private cost, while MSC represents marginal social cost. The point A clearly shows how, from a certain quantity onwards, Bluefin tuna stocks reach a critical level and are in danger of extinction. From that point onwards, the social cost becomes much higher. The dotted line shows the social cost at the original quantity of 13,200 tonnes, whereas we see that this falls down to P after the imposition of the tax. The Pigouvian tax, when imposed correctly, lowers the quantity of fish being traded, thereby achieving the conservation target. Finally, the incidence of the tax is represented by the shaded area, which shows the loss in revenue. Depending on the Price Elasticity of Demand, this tax burden is shared between producers and consumers. 

The model presented in this section clearly needs detailed primary data to determine the exact quantity of the tax. This, however, is the very problem that regulators face when they try to impose a Pigouvian tax. It is very difficult to calculate the exact marginal social cost in order to decide the level of the tax. However, as Baumol (1972) explains, although Pigou’s approach has certain practical limitations, it can “effect any preselected reduction...., at minimum cost to society”. It is important to understand from a policy perspective how taxes can be very effective in reducing negative externalities. From the perspective of the Atlantic Bluefin Tuna case, this approach has allows fishing to continue, but at a carefully chosen level that will allow conservation. The tax revenue could be used to compensate fishermen and invested in tuna farms to encourage more sustainable fishing.  
3.3) Cap and Trade System

The proposal to have a cap and trade system for fisheries is not a new one. Copes (1986) points out that H. Scott Gordon recommended Individual Transferable Quotas to manage fish stocks in 1954. However, the actual implementation was much slower because of several drawbacks, particularly pertaining to distribution issues. In this section, the cap and trade system will be analysed, and then adapted and applied to the Bluefin Tuna issue.

The basic function of a cap and trade system is to place “a cap, or ceiling, on the aggregate emissions of a group of regulated sources by creating a limited number of tradable emissions allowances for a given period and requiring firms to surrender quantity of allowances equal to their emissions during that period” (Stavins, 2007). An important feature of this approach is that it is a market based one, which allows agents more flexibility in meeting the requirements. There is no need for government to decide the ultimate division of the quota, because this is done my market forces. Those firms or agents that can continue business with a smaller quota can sell their permits to those agents who need higher quotas. For example, this system is used for carbon emissions in some parts of the world. The companies that are very fuel efficient can just sell their permits to the less efficient ones, thereby reaching an equilibrium that is suitable for all parties. From the regulator’s perspective, the only major decision is what to limit the quota to. This is also a more sure way to reduce carbon emissions, because the final total output is firmly fixed.

Development and application of the model

Different cap and trade models exist in different parts of the world, depending on the location and the type of product that is being regulated. Designing an independent cap and trade market clearly requires a lot of primary research and a comprehensive institutional framework, which are outside the scope of this paper. However, certain key guidelines for such a model for Atlantic Bluefin tuna will be outlined based on research done by Stavins (2007) for carbon emission control in the U.S.A. This will be adapted to a global cap and trade system for tuna.  

The problem of overfishing has one very important difference with pollution – tuna extinction is a short term problem, whereas carbon emissions are a medium to long term problem. In other words, pollution can be cut more and more over time, as expertise grows. If fishing is not cut dramatically, however, tuna stocks will reach a critical level from which it will be very difficult to reproduce and recover to sufficient numbers. Thus, a stringent cap must be imposed, and this can gradually be increased as Bluefin tuna are allowed to breed and grow more populous. As mentioned earlier in the paper, ICCAT research has set the appropriate quota at 8000 tonnes. 

A stylised setup of the cap and trade fishing market can be constructed. Let us suppose that each country signs on to the concept of a cap and trade system. The first main feature is that this market should be an ‘upstream market’, i.e. quotas will be placed on the entire country rather than on individual Bluefin tuna fishing ships or trading outlets (Pew Centre, 2010). There are several advantages and disadvantages to both upstream and downstream markets, but in this case the overriding factor is administrative feasibility, since it will be organised on a global level. In addition, the quota will be placed on tuna catch rather than on tuna trade. This means that there will be a Total Allowable Catch (TAC) that regulators can focus on (Kerr, Newell and Sanchirico, 2002). In addition, fishing nations will be guaranteed access to this quota, meaning that competition to reach fishing grounds and brazen slaughter of fish can be prevented. Finally, if this quota is set correctly, it will also reduce conflicts with conservation organisations like the Sea Shepherds, which can cause great damage to property (AsiaNews, 2010).

The initial distribution of ITQs could either be free or through an open auction. From the perspective of economic efficiency, an auction has two advantages: it brings in revenue for the auctioneer (supranational authority like the U.N.) and it establishes a market price for each tonne of fish (Stavins, 2007). However, distributing it free would be politically expedient, because it is much more difficult to convince countries to suddenly pay for fishing rights which were free thus far. Hence, this paper will choose the latter approach. The conventional manner to allocate Individual Transferrable Quotas (ITQs) in the fishing industry has been to base it on historical fish catch (Kerr, Newell and Sanchirico, 2002). In this paper too, such an approach will be adopted. In Appendix 1, the 2008 Bluefin Tuna Catch level of each country is given, alongside the new ITQ they would get from the limit of 8000 tonnes. An extract from there, showing the top 10 fishing nations is presented below:
Fishing Catch and Quotas: Summary of 10 highest fishers (ICCAT Database, 2010)
	Sr. No.
	Country
	Catch in 2008 (tonnes)
	New ITQ (tonnes)

	1.
	Spain
	5404
	1671.254

	2.
	Japan
	2923
	903.974

	3.
	France
	2922
	903.6648

	4.
	Tunisia
	2680
	828.8233

	5.
	Morocco
	2478
	766.3522

	6.
	Italy
	2236
	691.5107

	7.
	Libya
	1318
	407.6079

	8.
	Algeria
	1311
	405.443

	9.
	U.S.A.
	938
	290.0881

	10.
	Turkey
	879
	271.8417


As can be seen, each country gets a much lower quota, less than one-third of its 2008 catch. This is because the TAC of 8000 tonnes has been set with the aim of increasing Atlantic Bluefin tuna to a level that will enable the highest possible catch in the future. Of course, there will be inter-temporal changes to the ITQ as fish stocks rejuvenate and the Bluefin is no longer endangered.
The next major aspect of the cap and trade system is the trading part. In some domestic fish quota markets like New Zealand, markets exist for temporary leasing of fishing quotas as well as for sale of permanent quotas (Kerr, Newell and Sanchirico, 2002). Because of the global nature of the market being outlined here, the most effective forum for trade would be the internet. Each country would divide its own ITQ amongst the individual fishing firms or fishermen in its country, and then these people would be free to negotiate on a global level. Thus, a French fisherman can sell his fishing quota to a Japanese company directly, just like in a currency or share market. The trading system allows fishermen with a lower marginal productivity to exit the market, ensuring more productive and allocative efficiency. The inefficient fishermen who only continued to fish because it was the only source of income they had can now sell their quotas for money and thus be better off. The equilibrium price will be somewhere between the profits of inefficient fishermen and the profits of efficient fishermen. 
Another aspect of the Bluefin tuna cap and trade market is pricing. In a well designed, flexible market, prices will settle at an equilibrium which is dictated by demand and supply for permits. However, the market can become increasingly sophisticated and pricing theories like the Black-Scholes model for options could be used. Although this is beyond the scope of this paper, it is important to realise that these permits could easily develop characteristics akin to stocks, including features like options and derivatives. In such a situation, regulation plays an important role, because there have been precedents of speculative trading in commodities. The Bluefin Tuna market must be vary of this, because speculation driven inflation could prove unpopular to the point of collapse of the entire system, as some countries that depend on imports like Japan will be very vocal in their criticism. Finally, a tradable permit system also carries the disadvantage of imposing barriers to entry. As fishing permits will need to be purchased before a new entrant can catch tuna, the fixed costs may be substantial and may lead to market imperfections (Kerr, Newell and Sanchirico, 2002). If the market is seen as becoming a monopoly or a collusive oligopoly, corrective regulatory action must be taken immediately.  

The cap and trade system has the significant advantage of being able to target a certain fishing level, and ensuring that it is rigid. Hence, the environmental effectiveness is almost guaranteed if implemented correctly, because no matter how the permits are traded, the TAC will remain 8000 tonnes. However, an important caution on the black market must be provided. According to conservationists’ estimates, huge numbers of Atlantic Bluefin Tuna are caught illegally each year (Environment News Service, 2009). If this is not checked, then the cap and trade quotas become redundant and fishing will continue at environmentally unsustainable levels. 

The cap and trade system, through a flexible arrangement of market based transactions, can prevent much efficiency loss, unlike in the case of an embargo. Moreover, research in advanced fisheries markets like New Zealand show that over time, prices of ITQs rise and profitability increases (Kerr, Newell and Sanchirico, 2002). This is because the most profitable fishing companies will purchase permits from the less profitable ones. In our system of a global market, it is an efficient way of allowing the private sector to pension off subsistence fishermen who barely make ends meet through fishing.
4) Summary of Findings

The previous chapter looked at three different solutions to the ‘commons’ problem of Atlantic Bluefin Tuna. In this section, a brief summary of all of them will be provided, along with an evaluation of which method is most suitable for this problem.

A trade embargo is certainly the most effective approach from an environmental standpoint. If no trade of the fish is allowed at all, environmentalists argue that fish stocks can once again get replenished, thereby protecting the Bluefin Tuna from extinction. However, from an economic perspective, it is an excessive step, and one that is scientifically disputed. Prohibiting all trade when up to 8000 tonnes can be traded annually would create a significant efficiency loss. In addition, history has demonstrated that if a ban is imposed while demand still exists, supply eventually switches to the black market. This was evident in several cases, like the prohibition of alcohol sales in the US from 1920 to 1933 (About.com, 2010). A black market is more harmful than a conventional market, because governments cannot capture tax revenue from these sectors, and it is much more difficult to monitor and control fishing. Hence, a complete embargo would not be a successful solution to the problem.

The next solution was the imposition of a Pigouvian tax on all Atlantic Bluefin Tuna. This is an elegant solution from an economist’s perspective, because it sets the target and then allows market forces to function. If applied correctly, the resulting outcome will be the most efficient one. Taxation also allows government agencies to collect revenue, and this revenue could then be used to compensate those affected by the tax, to ensure a more equitable outcome. However, the difficulty in this solution lies in identifying the exact tax level. There is a constant risk of setting the tax too high, in which case too few fish will be caught, or too low, in which case too many fish will be caught. Although the Pigouvian tax solution is a good one, it is not the best one available and therefore will not be recommended in this paper. 

The last solution was the cap and trade system, where quotas are imposed on individual nations and these quotas can then be traded on a global market. The advantage of this measure is that scientists have already identified the limit of 8000 tonnes, and this level can be targeted easily as being the sum of individual quotas. Thus, the ambiguity of taxes is avoided, which will satisfy environmentalists who do not want to take risks on the future of the species. In addition, after the distribution of tradable permits, the industry can function like a free market, where agents can buy and sell permits easily around the world. This makes the system as a whole more efficient, because less efficient fishermen will sell their fishing permits to their more efficient counterparts. One of the main drawbacks lies in regulating the market effectively and minimising transaction costs in the trade of fishing permits. However, all things considered, the cap and trade system is the best solution to conserve the Atlantic Bluefin Tuna, while also reducing efficiency loss in the market.  
5) Transitioning to the Cap and Trade System


An important part of suggesting a solution is to explore how this system will work in practice. Transitioning from an existing order to a different one will bring with it certain costs and difficulties, which must be taken into account while proposing the change. Some of these aspects will be discussed in this section.


One of the most controversial aspects of this system is the initial allocation of tradable fishing permits to countries (Tietenberg, 2006). Fortunately, the existing Bluefin Tuna market already functions with quotas that have been agreed upon by member countries. Therefore, all that needs to be done is to proportionally reduce the amounts so that they total 8000 tonnes. The main controversy about the initial allocation is that these permits represent a lot of financial value, but pre-existing agreements will reduce accusations of unfairness. In addition, allowing for trading ensures that there is no efficiency loss in the eventual equilibrium.  


Another important aspect of the tradable permits system is the ability to trade individual quotas once they have been allocated. This part is different from the existing system, since there is currently no international market for Atlantic Bluefin Tuna fishing permits. However, this is not to say that there is no localised precedent for the system. An OECD survey in 1999 found that 75 fisheries around the world were being managed using this system (Tietenberg, 2002). On a global level, each country will divide its quota amongst individual domestic fishermen or fishing companies. The tradable permits system will then only deliver an efficient solution if these agents are allowed to trade with each other across the world, in a competitive market with correct price signals. There is no doubt that the technology for this exists, as it is a reasonable assumption that trading on this market will not match that of large stock exchanges like in New York or London. However, there needs to be constant regulation and supervision to ensure that trading is costless and efficient. Another significant concern put forward is that participants in such a market lack the financial sophistication needed to calculate future rents on fishing, hence leading to inefficiencies in the system (Kerr, Newell and Sanchirico, 2002). 


The last aspect that needs to be investigated is the ability of individual fishermen to estimate and plan their catch in advance. In fishing, one cannot pre-determine exactly how much of a certain fish will be caught in the nets. It is quite reasonable to expect some fish to weigh a lot more than average, and for higher numbers to be caught on some days. This implies that each person’s targets have to be readjusted frequently in order to keep to quota restrictions. Some researchers like Copes (1986) argue that this is simply too complex in practice. 


There is no doubt that a transition to a cap and trade system does bring with it several challenges. However, the final attitude towards this was best summed up by Copes (1986), who said that alternative fishery management schemes also have their problems, and that the “best possible solutions will still be flawed”. 

6) Conclusion

This research paper has analysed the problem of diminishing Atlantic Bluefin Tuna stocks as a result of overfishing. The depletion of this species is a grave problem, and there have been calls for different types of actions in this regard. However, it must also be kept in mind that protecting this fish will affect the livelihood of several individuals who are part of the tuna industry. In this paper, the issue has been considered from an economic perspective, with the objective of proposing the best solution to the problem. 

The overfishing of Atlantic Bluefin Tuna was first set up as a classic ‘tragedy of the commons’ scenario. Individual fishermen are helpless to plan for a more sustainable future in fishing, because without concerted action, it will be the responsible individual who loses most. Once the problem was analysed, the focus shifted to the different solutions that could apply. Three of them were analysed in detail: a trade embargo, a Pigouvian tax on tuna, and a cap and trade system involving tradable fishing permits. After due deliberation, the last solution was found to be the most efficient and practical from an economic standpoint. The paper then went on to analyse the steps needed to transition from the current state of affairs to the efficient cap and trade solution. 


Although this paper was written meticulous research, there are certain weaknesses in the analysis. The data that was used consisted of fishing catch that had been reported to the ICCAT. However, one of the most serious problems is the illegal fishing that goes in all year (BBC News, 2010). This illegal fishing would certainly distort some of the results of the paper, if taken into account. In addition, a cap and trade system may not be the best solution, because it doesn’t have provisions to control the black market. Therefore, if an extensive investigation into the annual illegal catch of Atlantic Bluefin Tuna is conducted and taken into account, the results would be more applicable to reality. Another possible improvement could be the analysis of other solutions to this problem. In particular, the Coase Theorem approach would be interesting for further research. In this approach, fishermen could be one group of agents, while society at large, or environmental conservationists, could be the other. Coase’s solution was to provide private property rights over fishing waters to either party, and then allow them to negotiate an agreement that is suitable to both sides. In this manner, the interests of fishermen and conservationists can be objectified and negotiations will result in an efficient outcome. 


The most important thing to remember is that some steps need to be taken fast in order to prevent the extinction of the Atlantic Bluefin Tuna. Although the debate about the best solution will go on, strong regulatory leadership can ensure that the species can be protected in a manner that is also fair to fishermen. 
7) Appendix 
Fishing Catch and Quotas

	Sr. No.
	Country
	Catch in 2008 (tonnes)
	New ITQ (tonnes)

	1.
	Algeria
	1311
	405.443

	2.
	Canada
	576
	178.1351

	3.
	China
	119
	36.80223

	4.
	Croatia
	833
	257.6156

	5.
	Cyprus
	132
	40.82264

	6.
	Spain
	5404
	1671.254

	7.
	France
	2922
	903.6648

	8.
	Greece
	350
	108.2418

	9.
	Italy
	2236
	691.5107

	10.
	Malta
	296
	91.54167

	11.
	Portugal
	36
	11.13345

	12.
	Iceland
	50
	15.46312

	13.
	Japan
	2923
	903.974

	14.
	Korea
	335
	103.6029

	15.
	Libya
	1318
	407.6079

	16.
	Morocco
	2478
	766.3522

	17.
	Syria
	41
	12.67976

	18.
	Tunisia
	2680
	828.8233

	19.
	Turkey
	879
	271.8417

	20.
	U.S.A.
	938
	290.0881

	21.
	St. Pierre
	3
	0.927787

	22.
	Mexico
	7
	2.164837

	23.
	Ireland
	1
	0.309262

	
	Total
	25868
	8000
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