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Abstract

 This work explores the economics of fisheries and fisheries regulations and the 

introduction of some of these theories within the Icelandic fishing economy. The work 

first sets up and demonstrates the model for fisheries that includes both economic and 

biological concerns. The primary method of analysis is theoretical economic modeling of 

the bioeconomic system. We then proceed along this line of analysis with the introduction 

of intentional perturbations to the model. We seek to analyze the potential effects of such 

perturbations and their ability to achieve the goal of policy makers and fulfill the criteria 

of an effective economic management system. Finally the model is sent to the realm of 

reality; first investigating the gradual enclosure of the oceans under international and 

nation law and proceeding to an analysis of the Icelandic fisheries and their introduction 

of a radically different fisheries management system.

Professor Richard D. Coe   
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Introduction

Fishing is one of the oldest economic activities in the history of humankind, 

dating back to at least the Upper Paleolithic period, 40,000 years ago. Evidence of fishing 

has been dated to periods before the discovery of agriculture. Ever since its humble 

beginnings, fishing has expanded, with fish being 28 percent of the protein source for 

southeast Asia, 21 percent of Africa's protein source, and 7 percent of America's protein 

source.1

The explosion of industrialized fishing in the wake of the industrial revolution 

saw the world's fisheries harvested in amounts undreamed by our Paleolithic ancestors. In 

2007 the world production from fisheries amounted to 90 million tonnes of capture from 

natural sources. Figure 0.1 below demonstrates the explosive growth that commercial 

fishery utilization has seen since the end of World War II.2 Such tremendous growth in 

harvesting has had dramatic effects upon the natural ecosystem of the fishery. 

Within this work we will explore the economics of fisheries and fisheries 

regulations. With the ascendancy of the market system in the post World War II time 

period, the efficiency of the fishing industry has threatened to disrupt the very fisheries 

that they depend upon. Chapter one of this work will set up and demonstrate the model 

for fisheries that includes both economic and biological concerns. The primary method of 

analysis will be theoretical economic modeling of the system.

1 Field 2001, 242-243
2 FAO 2009, xxiv
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Figure 0.1 World Fish Utilization and Supply

Chapter two of this work continues this line of analysis with the introduction of 

intentional perturbations to the model set-up in chapter one. We seek to analyze the 

potential effects of such perturbation and their ability to achieve the goals of policy 

makers and fulfill the criteria of an effective economic management system. Chapter 

three sends out the model to the realm of reality; first investigating the gradual enclosure 

of the oceans under international and national law and proceeding to an analysis of the 

Icelandic fisheries and their introduction of a radically different fisheries management 

system.
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Chapter 1: The Economics of Fisheries

To proceed effectively in any analysis of a fishery, a proper economic model of 

the fishery must be established as a basis for the analysis. The nature of such a model has 

several major complications due to the nature of the resource being considered. A fishery 

first and foremost is a biological system and any economic model must take into account 

the specific factors this fact introduces to the analysis. Thus the development of a 

bioeconomic model that incorporates important aspects of biology along with economic 

factors into it is absolutely essential for any sort of effective analysis to take place.

One of the most frequently utilized bioeconomic models in analysis of fisheries is 

the Gordon-Schaefer model, which is named after the economist, H. Scott Gordon, and 

the biologist, M.B. Schaefer. This model is based upon the logistic model of population 

growth, originally proposed by P.F. Verhulst in 1938. This model of fishery production is 

a measure of the biological growth of the total amount of biomass in a fishery.3 By 

biomass we refer to the aggregate weight of all the individual fish in the particular fishery 

under consideration, whether it be a single species fishery such as an oyster bed or a 

multiple species fishery. This designation is hereby referred to as the stock of a fishery.

1.1 Biological Model

The biological side of the model is based upon the Schaefer logistic analysis of a 

fish population. It is based upon the following postulates. Given a small population of P 

fish over time period t, growth in terms of total weight of the fishery stock over time 

period t will be a function of the initial population P, that is to say, 

dP/dt=G=F(P) (1.1)

Given a small initial size of this hypothetical fish stock, we shall make the 

3 Andersen 1977, 23
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assumption that due to lack of competition for food and abundant space to reproduce in, 

the population will be able to reach a growth rate that is roughly proportional to the initial 

population; to say,

G = aP (1.2)

From here on out a is the intrinsic growth rate. According to Schaefer, a is the algebraic 

representation of the fastest possible rate of growth the fishery stock can obtain with the 

natural ecosystem.4

However it is impossible for a fishery stock to grow at such a prodigious rate at 

all population levels. As competition for limited resources increases and space becomes 

more valuable with increased crowding in the ecosystem, the size of the fish stock must 

reach a maximum level that can be supported by the environmental factors. This 

maximum size is known as the environmental carrying capacity, ECC, and is denoted 

here in the model as K.

With the growth of the overall fish stock towards a level of K, the crowding of the 

ecosystem will become an ever increasing problem for the fishery. From this we can 

expect the growth rate of the fish population, G, to fall with overall stock's amount of 

crowding. In the logistic model of population, it is proposed that the growth rate of the 

model will be proportional to the difference in size between the ECC and the stock at that 

time, at any particular moment. This leaves us with the following growth equation,

G = aP[(K – P)/K] (1.3)

= aP(1 - P/K)

With this equation, we can describe the method in which the stock of a fishery 

will grow as a function of the current stock size. By setting the above equation equal to 

4 Cunningham 1985, 28
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zero, it is clearly shown that in the absence of any fishing the stock size of the fishery 

will grow to be equal to the ECC. And once the ECC is reached it will be maintained 

indefinitely. However it must be noted that the maximum population size may fluctuate 

around this value in response to changes in the environmental parameters, such as water 

temperature. The above equation makes the assumption that these parameters are fixed.

To determine the maximum growth of the fishery stock we simply differentiate 

equation 1.3 and set it to zero. From this it clearly shown that the maximum growth of a 

fishery stock is at the point where the stock size is half of the ECC; to say,

G' = a(1-2P/K)=0

Thus,

P = K/2 (1.4)

Several impacts are immediate viable looking upon the components of the above 

model. Primarily it can be observed that this model tends toward a stable equilibrium of 

K at most levels.5 If the population were to rise above K through some irregular means, 

such as a temporary increase in the amount of food in the ecosystem, when the means 

disperse to the normal levels the population level will fall through natural mortality and 

competition over the new level of resources to point K. The reverse holds true up to a 

point. If the population levels falls below K, the newly available space and resource will 

allow the remaining fish to reproduce up to population level K.

We can summarize these conclusions in a biological productivity curve. Although 

the exact shape of the curve will depend upon the values assigned to variable a and K, the 

general shape of the curve will be as depicted below in Figure 1.1.

5 Tietenberg 2006, 288
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Figure 1.1 Biological Productivity Curve
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 Several major assumptions of the Schaefer model indicate some of the potential 

limitations that must be taken into account with its use for analysis. Chief among them is 

that the analysis applies to a single species resource and that the resource remains in the 

same physical environment. Another is that fishing effort is applied to catching this 

resource only. It is also assumed that the biological environment will maintain stability so 

the carrying capacity of the fishery will not fluctuate a great deal.

From this model we can specifically begin defining the term sustainable yield. A 

sustainable yield is one in which the amount of fish caught in a specific time period is the 

same as the growth rate of the fish population in the same specific time period. If the 

assumption that the fish population will remain constant is made, it should be possible to 

harvest a sustainable yield for an indefinite period of time. From this we can define the 

maximum sustainable yield population, the level K/2. This is the maximum level of catch 

that can be perceptually sustained because is is equal to the maximum growth level 

possible in the fishery.

Analysis of a situation where the catch level exceeds the maximum sustainable 

yield of K/2 is relatively simple within the framework of the model. If such catch levels 

are maintained, the population of the level will fall by the gap between the growth level 

and the high catch level. Such a gap can only be maintained for a limited amount of time, 

as such unsustainable fishing will eventually drive the fishery population level to a level 

that can threaten to wipe out the fishery entirely.

1.2 Fishery Yield

With the basic biological model of the fishery in place, our analysis can then 

proceed to a modeling of the economic system of the the actual act of fishing. In this 

model, the production of yield, Y, alternatively called catch, in any period will be 
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considered in terms of two factors: the fish population at the beginning of the period and 

the total amount of fishing effort, f; alternatively stated as,

Y = y(P,f) (1.5)

The yield equation can be further expanded into a explicit short run yield 

equation, namely

Y = qfP (1.6)

Variable q is defined as the catchability coefficient, or the ability of the fishers to 

actually catch the fish in the fishery.6  This allows for the model to represent the technical 

efficiency of the fishing fleet once the units of fishing effort are defined. Variable f is 

simply the total fishing effort and variable P is the population size of the fishery.

Given equation 1.6, we can see that for a level of fishing effort, the yield will vary 

with the population of the fishery. Thus larger population sizes will yield greater amounts 

as shown below in Figure 1.2.

6 Cunningham 1985, 30-31
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Figure 1.2 Short-run Yield as a Function of Population Size
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The differing curves in Figure 1.2 demonstrate differing levels of effort, with 

yield increasing with effort. As shown above, as level of effort increases, the yield made 

as a specified level of population will increase.

However we must incorporate diminishing returns into the short run yield 

equation. If equation 1.6 is taken at face value, it would imply that an increase in effort 

will be met with an equal increase in yield no matter how large the increase. Indeed we 

must take into account that the population level of the fishery and thus the supply of fish 

is fixed in the short run due to biological factors, which sets an effective upper limit on 

all potential yield levels.

If we apply diminishing returns to the short run yield equation, the yield from 

additional units of fishing effort will decrease the closer to maximum potential yield the 

model gets. In essence effort increases with yield but at a deceasing rate. Modification of 

equation 1.6 allows for us to incorporate this.

Y = qfβP (1.7)

Here variable β is a representation of variable returns to effort. If the value of  β is equal 

to 1 it implies the original equation 1.6, however a value between 0 and 1 indicates 

varying levels of diminishing returns to effort. Graphically it can be shown as in Figure 

1.3.
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Figure 1.3 Short-run Yield with Diminishing Returns to Population



12

Note that Figure 1.3 shows only one short-run yield curve. In a particular fishery 

there will be a whole variety of short-run yield curves dependent upon the population 

size. If the population size has not been altered then the applicable yield curve will be 

valid for the next time period. However, if the fishery moves to a new population level 

the short run yield curve will shift to the relevant curve for that level in the next time 

period.

With the establishment of the improved short run yield curve, equation 1.7 and the 

biological production function, equation 1.3, we can now produce the fundamental 

building block of any economic analysis of the fishery, the overall production function.

Several assumptions are present within the model that allow for the following 

analysis.7 The first and most important is that there is a constant price for fish and that 

price is not dependent on the amount of fish sold. The second assumption is that the  cost 

of expending a unit of fishing effort is constant. This implies that the cost of expending a 

unit of effort to catch fish is constant regardless of how many previous units  have been 

expended. Thus it costs the same to expend the tenth unit of effort as it does to expend the 

first unit of effort. The final assumption is that amount of fish that is caught per unit of 

effort is proportional to the population level of the fish, implying that less fish will be 

caught as the fishery being exploited reaches smaller levels of overall population.

With the first assumption, the biological production curve can easily be 

transformed into a total revenue curve.8 Because of the assumption of constant price, the 

biological production curve (Figure 1.1) is simply multiplied by the price. Any changes in 

price are simply acted upon by scaling the function up or down the appropriate degree. 

Note that due to the fact that the biological production function states the long run state of 

7 Lawson, 1984, 38
8 Cunningham 1985, 42-44
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a particular fishery, the total revenue will be a long run function.9 In other words it will 

show the effect of various fishing on the revenue function. Total revenue in the short run 

will simply be determined by multiplying the price by the short-run yield. Total revenue 

thus can be determined by the following equation:

TRf=pYs (1.8)

Where TRf represents total revenue from fishing and Ys represents a yield level (here 

assumed to be a sustainable yield). Here we must note that unlike standard revenue 

equations, Ys is related in terms of an input, i.e. terms of effort (Equation 1.7).

With the total revenue function complete, we can now derive the average and 

marginal revenue functions for the model. Average revenue is just the total revenue 

divided by the total effort. Marginal revenue is simply the change in total revenue that 

follows from a change in total effort. Expressed algebraically this results in:

ARf=TRf/f (1.9)

and

MRf=d(TRf)/df (1.10)

All of the above equations may be depicted graphically as in Figure 1.4.

9 Cunningham 1985, 42-44
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Figure 1.4 Revenue as a Function of Fishing Effort
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There are several key differences from a standard revenue curve found in most 

standard economic textbooks that we must note.10 Here the average revenue curve slopes 

downward  because of the changes in the biological productivity of the fish stock, not due 

to changes in price. It would be in error then to take the average revenue curve as a 

determinant of price or as the demand curve.

The second assumption of a constant cost of extraction of a unit of fish greatly 

affects the cost side for the equation, as we will demonstrate. The Gordon-Schafer model 

makes an assumption of constant fishing cost, by assuming that effort expansion will be 

undertook by addition of new boats to the fishing fleet, rather than increasing the effort of 

existing boats beyond their defined parameters. Several explanations can be put forth for 

this, such as inherent risks from fishing (several forms of species fishing have some of 

the highest workplace fatality rates for the workers) or simply that the boats have only so 

much effort that can be put out without causing damage to capital and labor.

Following from this assumption, the costs of expended effort are a simple linear 

function of the amount of effort. Each new unit of effort will add the same amount, c, to 

the total cost TC. Thus follows:

TCf=cf (1.11)

Note that c is a constant. Deriving the average and marginal cost is simple from the above 

equation. Namely:

ACf= cf/f = c (1.12)

MCf=  d(cf)/df =c (1.13)

resulting in

ACf=MCf=c (1.14)

10 Cunningham 1985, 42-44
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Figure 1.5 Cost as a Function of Fishing Effort
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as depicted above in Figure 1.5.

Gordon-Schaefer Bioeconomic Model

With the establishment of the revenue and the cost curve, we have established the 

essential economic components of the Gordon-Schaefer bioeconomic model. We can now 

move to analysis of the equilibrium state of the fishing industry in a specified species. 

Our initial analysis will begin with an 'open-access' i.e. laissez faire fishery. In such a 

situation basic economics argues that new actors (fishers) will be attracted to exploit the 

resource as long as there is profit to be made, i.e. as long as revenue exceeds costs. In a 

case of losses being taken, those who can afford to leave will do so. In the long run the 

fishery will settle at an effort level in which total revenue is equal to total cost and no 

economic profit is being made.

It must be noted here that economic profit is not the same as accounting profit. 

Here the fishers are earning accounting or normal profit, which is defined as profit that 

does not take into account rate of return on capital on alternative investments.11 The 

fishers are making enough that transferring their assets to another investment would 

result in a loss. The following model focuses upon economic profit not accounting profit.

The equilibrium that follows is best illustrated graphically, as shown below:

11 Case 2004, 220
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Figure 1.6 The Open-Access Fishery Equilibrium



19

Here we include two cost curves for the point of analysis. TC1 is a cost structure 

in which the fishery will not be exploited because there is no way to achieve profits at 

any level of effort. TC2 represents a cost structure in which the effort expanded upon 

fishing will settle at level foa.

It should be noted that economic profits are maximized at a point other than foa.12 

Intriguingly the Gordon-Schaefer model suggest that the level of effort that maximizes 

revenue, where marginal revenue reaches 0 is still not the maximization of profits. Indeed 

if analyzed from a monopoly standpoint, the maximization of all profits occurs at the 

point where marginal revenue is equal to marginal cost. In natural resource economics 

such profits would be referred to as the point at which maximum rents are derived from 

the resource. Graphically this can be shown by mapping a line that is tangent to the 

revenue curve but maintains the same slope as the cost curve.

The Uncertainty Problem

One key component of the model that must be stressed is the inexact nature of 

predicting the state of a fishery. Because it is currently impossible to gain an exact picture 

of the level of the fishery stock, a degree of uncertainty exists in any estimation of the 

underlying bioeconomic model of a particular fishery. Whether the uncertainty emerges 

from inaccurate models, insufficient data, or alternations in the underlying ecological 

initial variables of the fishery, the result is that there may be a range of possible effort-

yield curves that the fishery management authority can utilize for their estimates. Figure 

1.7 illustrates this possibility.

12 Field 2001, 251-252
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Figure 1.7 Uncertainty Effects
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Here the nature of uncertainty is illustrated through three separate effort-yield 

curves for a fishery. Marine biologists estimate that the accurate level is curve Y2, but 

there is an acknowledgment that the uncertainty could allow for a variation over the range 

of curves from Y1 to Y3. However the fishing management authority allows the harvest of 

y1  amount of fish due to the marine biologists' estimates. If the fishery operates on the 

assumption of curve Y2 but the actual fishery model is curve Y1, the total harvest by the 

fishers will exceed the replenishment rate of the fishery. This is an unsustainable harvest 

rate by the fishers and further attempts to harvest this amount at this effort level will 

result in two possibilities. If effort level stays constant, the overall harvested amount of 

fish will drop down to a sustainable level. However the second possibility is that effort is 

increased in order to maintain the level of harvesting at point y1.  This continued 

overfishing will send the overall effort-yield curve to a lower one than Y1. Depending 

upon the specific cost structure of the industry, this could result in a dangerous cycle, 

where declining harvests are met with more and more effort. Indeed if costs were low 

enough, it is entirely possible within the model to drive a fishery to the point of 

ecological collapse.
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Chapter 2: The Economics of Fisheries Management and Regulation

Having established a primary bioeconomic model of fishery production, we now 

turn to outside intentional perturbations of the model. Given the problems indicated in an 

open access situation detailed in the previous chapter, a management system of some 

kind that affects fishery outdraw production is required if the situation of overfishing is to 

be avoided in the fishery.

However each system must be evaluated by a criterion that is more distinct then 

simply the amount of fish caught. An evaluative set of criteria must be developed and 

utilized in order to judge the various proposals by which a hypothetical fishery 

management authority would regulate the outdraws from a fishery. Several authors 

propose the following set of criteria: how much it will allow for research and innovation 

into new methods of fishing, flexibility in order to react to changes in the overall 

economic, biological, technological, and ecological conditions, the support it would 

receive from the population of fishers currently utilizing the fishery under consideration, 

an appraisal of the costs of establishment, research, and enforcement of any considered 

program, and the effects on distribution of wealth and other goals such as employment 

levels such a program would have.13

Total Allowable Catch

Of those regulations that do not engage in the act of restricting open access to the 

fishery, one of the most widely utilized is an overall quota on fish outdraws for the 

fishery. This is referred to as total allowable catch, or TAC on the fishery.14 In a 

hypothetical fishery implementation, an overall quota would be set by the fishing 

management authority. The authorities would then simply have to monitor the amount of 

13 Anderson 1977, 151
14 Fields 2001, 257
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incoming catches and close the fishery to further outdraws when the selected quota is 

reached by the fishers.

The advantages of a quota system are many. It allows for the establishment of 

limit on outdraws that can be easily shifted in response to changes in various ecological 

conditions. It can theoretically allow for a fishing management authority in consultation 

with marine biologists to establish a sustainable level of outdraws from the fishery. And it 

also allow for establishment of a theoretical base line level of fish population in the 

fishery by fishing management authorities, given estimates of the fishery population by 

marine biologists are accurate.

Anderson and Fields both note that the overall quota model has significant 

drawbacks if the reactions of the fishers to the quota is factored in.15,16 Fields clearly 

shows some of the potential drawbacks graphically utilizing the Gordon-Schaefer 

bioeconomic model developed earlier. The associated graphical representation is shown 

below:

15 Fields 2001, 257
16 Anderson 1977, 159



24

Figure 2.1 Total Allowable Catch
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Revenue and costs are the same as were modeled in Figure 1.6 in the previous 

chapter. In Figure 2.1 the open-access level of effort by the fishers in this fishery is at the 

point labeled “e1” at the intercept of TC (Total Cost) and TR (Total Revenue). In the 

above model this is assumed to be an unsustainable level of outdraws from the fishery by 

the fishing management authority, which will lead to diminishing stocks throughout the 

overall fishery. Wishing for the depleted fishery stock to be replenished, the fishing 

management authority sets a maximum limit on outdraws, here represented by the point 

“y1” on the vertical axis. The initial limit is set and the overall production level falls to 

“e2”.

It is clearly visible that at point e2, economic profits are being made by the fishers 

who are utilizing the fishery. The potential profits from rents provide encouragement for 

more fishers to enter the fishery and for the existing fishers to increase their effort levels 

in order to catch more fish, all in order to gain a share of the potential rents. With no 

individual limitation on the amount that they can catch, any fisher who utilizes the fishery 

has great incentive to increase the amount of fish caught as much as possible. Within this 

analysis, any fish that an individual fisher does not make an effort to catch will be caught 

by one of their peers.

Mathematically, it can demonstrated utilizing the previously stated Equation 1.6, 

the short-run yield function,

Y = qfP (1.6)

With the implementation of a total allowable catch, yield (Y) and population (P) are 

being attempted to remain at a constant level. This implies

Ȳ = qfPH  (2.1)

whereas the bars above Y and P denote constant terms. Remembering that “q” represents 
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the catchability coefficient and that “f” represents the total amount of fishing effort, it is 

clear to see that as total fishing effort rises with additional entry into the fishery for rents, 

the amount of fish caught for each unit of effort must decline.

Therefore from Equation 2.1 it can be concluded that the competitive advantage 

goes to those who can get to the fishery first and conduct most fishing. This can be 

represented in Figure 2.1 with the effort level rising to e3 if y1 is set as a long term total 

allowable catch; as larger boats, nets, crews, and longer hours come in effect in the 

competition for the fishery's rents. Depending on the shapes of the various curves, the 

effort level of e3 can be close to the open-access situation.

Field dubs this phenomenon of consistently increasing catches as “derby” 

fishing17, referring to the horse race, as fishers race with one another for an ever 

diminishing amount of rents in the fishery before the total allowable catch is met and the 

fishery is closed by the fishing management authority. The individual fisherman has the 

perception, real or imaginary, that any fish that he does not catch will be caught by the 

other fishers due to the intense competition in the fishery over resource rents.

Such a situation leads to extremely short fishing seasons, as the fishing 

management authorities are forced to close fishing seasons earlier and earlier as fishing 

capacity and efficiency increases. For example, Gissrurson notes that under a total 

allowable catch system the Icelandic cod fishery saw an overall reduction in allowable 

fishing days for large trawlers from 323 to 215 over the period of 1977 to 1981, a one 

third reduction in total allowable fishing days.18 An extreme example is the Price William 

Sound 1982 red herring season which lasted 4 hours and that amount of outdraws from 

17 Field 2001 257-258
18 Gissurarson 2005, 173
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the fishery still exceeded the fishery quota set by the management authority.19

In order to achieve such increases in fishing output, the fishers of the fishery must 

invest in ever increasing amounts of capital: larger boats, engines, nets, etc., and labor; 

additional crew, longer hours, etc. This inevitably causes costs to rise as established in the 

Gordon-Schaefer bioeconomic model. This effects the overall economic efficiency of the 

fishery. Anderson notes that this is not the most economically efficient way to achieve 

reductions in the outdraws of the fishery.20 Cunningham notes several possible 

inefficiencies that may result from the application of a massive amount of fishing effort 

in a short time frame. In order to capture the most rents in the limited time the fishery is 

open, it is possibly that fishers may over-invest in their fishing fleet due to the potential 

time constraint an overall quota imposes upon fishers.21 

Gear Restrictions

Another widely utilized regulation that does not restrict the open access nature of 

a fishery is the restriction on the types of gear that can be utilized by the fishers who 

extract resources from the fishery. The reasoning for restriction can vary widely 

depending on the goals of the fishery management authority, from reducing the 

effectiveness of a certain facet of gear to affecting the selectivity of certain types of gear. 

While the type of gear on which a restriction can be placed is only limited by the 

imagination of the the fishing management authority, any restriction works on the same 

economic principle, increasing the cost for fishers to exploit the fishery.

Figure 2.2 below demonstrates graphically the intended effects of such restrictions 

upon fishing effort in the Gordon-Schaefer bioeconomic model. Line “TC1” in Figure 2.2 

19 Tietenberg 2006, 300
20 Anderson 1977, 166
21 Cunningham 1985, 151
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Figure 2.2 Gear Restrictions



29

is representative of the Total Cost function that the fishers experience when they utilize

the fishery with no restrictions at all. This leads to the fisher operating on the level of 

effort indicated by point “e1,” the open access level of outdraws from the fishery as 

demonstrated in the original Gordon-Schaefer bioeconomic model.

The impositions of various gear restrictions alters the Total Cost function that the 

fishers face in the above model. We can abstract this alteration to a shift in the slope of 

the overall Total Cost function, here represented by the line “TC2” in Figure 2.2. Due to 

the new Total Cost function that the gear restrictions have imposed upon the fishers, the 

level of effort that is operated at in the fishery is point “e2,” the intercept of line TC2 and 

TR, the Total Revenue curve. Thus the level of effort has been reduced from the open 

access situation and with it the amount of outdraws from the fishery overall.

Mathematically, such regulations can be easily represented in the following way. 

Utilizing equation 1.11, the short-run cost function, we note that:

TCf=cf (1.11)

Where “c” is the cost of one unit of fishing effort, “f”, we can equate any restriction on 

fishing gear through an increase of the cost of an individual unit of fishing effort, “c.” 

Such a controlling approach has significant drawbacks for any fishing 

management authority that wishes to pursue this route. One of the major issues with such 

command and control policies is the incompleteness through which they face the issue of 

overfishing in the context of the fishing industry.22 The act of fishing is a multifaceted 

process, in which a number of factors are utilized to achieve efficient production. The 

imposition of a restriction on one of the factors merely gives the fishers incentive to 

compensate with the substitution of another factor. For example, a limitation of the size 

22 Field 2001, 255-256
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of nets that a fishing boat can utilize may simply lead to the fisherman substituting longer 

fishing hours during the day or more overall trips during the fishing season in order to 

maintain the previous level of output.

This approach also contains the drawback of achieving its goals though the 

imposition of economic inefficiency upon the the act of fishing. This implementation 

dissolves any resource rents that are achieved by reduced output. This lost rent is 

represented by the vertical distance between line TC1 and TC2. It is lost to both the fisher 

and the fishing management authority completely.

It also fails to account by itself for technological innovation in fishing technology 

and the effects such innovation has on lowering the Total Cost curve down to the 

previous levels. Thus in order to maintain the reduced output level, the fishing 

management authority is forced to implement more restrictions on the fishery. In 

response, the fishers can substitute and innovate in other areas not covered by the old and 

new restrictions. It is a constantly escalating regulatory fight between the reactive fishing 

management authority and the fishing industry's innovations. This can result in a morass 

of rules and regulations that can be difficult to enforce and comply with for both sides.

Restricted Fishing Seasons

One regulation practiced in a good majority of fisheries is limiting the time in 

which the fishery may be utilized to a certain period. The reasoning behind this system is 

that, in consultation with marine biologists, a fishing management authority may be able 

to allow the fishery population to recover at an increasing rate given the implications of 

equation 1.3 in Chapter 1.  Additional arguments for this system is that the fishing 

management authority can disallow fishing during periods which might disrupt the 

fishery population at an ecologically sensitive time, a oft utilized time period being the 
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spawning season for a fish population. Disallowing fishing during this time would 

theoretically allow for the fishery population to recover at the maximum rate implied by 

equation 1.3 of the Schafer logistic growth model.

However the problems with this system are similar to the problem encountered 

with the overall quota system of fishery regulation. The open access nature of the fishery 

during the fishing season gives the fishers tremendous incentive to maximize their 

outdraws from the fishery during the period of time where it is open. It essentially repeats 

the problem of derby fishing that the overall quota system has, but with no stop condition 

besides the length of the fishing season. This often leads to enormous outdraws from the 

fishery as fishers attempt to maximize revenue in the short amount of time that they have.

In addition to this, the ecological benefits are highly dependent upon the fish 

species under consideration. For example, some fish may not have a clearly defined 

spawning season but may only spawn due to certain environmental factors or just 

consistently reproduce throughout the year, making the determination of the best period 

to limit fishing extremely difficult. As a method of preventing overfishing, restricted 

fishing seasons by themselves are not the best way to approach the problem.

Restricted Fishing Areas

An idea that has been advocated by marine biologists is to establish a restricted 

area where no fishing of any kind is to be allowed. This area is referred to as a Marine 

Protected Area. The reasoning behind the idea ties back into the concept established in 

the initial fishery population model. By providing the fishery population with an area 

where they do not suffer additional pressures beyond those in the natural habitat, the 

population can reproduce at the maximum level predicted by the Schafer logistic growth 

model within the area. This would allow for the marine areas adjacent to the marine 
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protected area to gain the overflow of the fishery population once the Marine Protected 

Area reaches its environmental carrying capacity, again as predicted by the Schafer 

logistic growth model.

The problems of this approach deal with the additional pressures that the open 

areas will take. The existence of the Marine Protected Area will make it highly attractive 

to poaching and other forms of illegal fishing, which would require heavy patrolling and 

enforcement of the area. Significant portions of the fishery would have to be made 

unavailable to harvest, lowering the revenue that the fishers could take in the short term. 

An estimation of the value of the revenue from the potential future fish populations must 

be compared with the value of current outdraws, as the closures necessary to reduce effort 

levels may greatly affect the fishing industry.

Restricting Open Access

Having viewed the approaches that maintain the open access situation of a fishery, 

we now turn our attention to regulatory approaches that limit access to a fishery in some 

way. All of the previous analysis has focused on ways to reduce overfishing while 

maintaining open access to the fishery. Our analysis from this point forward will focus 

upon the various approaches to restrict access to a fishery and the implications that such 

approaches will have upon the fishing outdraw levels.

Taxation

 Our analysis begins with the imposition of a tax by the fishing management 

authority upon the fishers. Lawson identifies two broad potential categories of taxation in 

the fishing industry, taxation of inputs or taxation of outputs.23 

Taxation of outputs is the imposition of a tax upon the outdraws that the fishers 

23 Lawson 1984, 75
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take from the fishery. The imposition of such a tax places a cost on utilizing the fishery, 

altering it from the open access situation. While the open access situation had no cost for 

utilizing the fishery besides the cost of labor and capital, now an external one has been 

imposed by the management authority. Some of the fishers from the open access situation 

will be unable to afford the tax, reducing the amount of effort imposed upon the fishery. 

The tax can essentially be modeled as a constant increase in marginal costs, as the tax is 

imposed upon each unit of production by the fishers. Therefore the graphical 

representation is similar to Figure 2.2, with Total Cost curve 2's higher slope representing 

the additional expense imposed by the tax.

It is important to note that unlike the increase in costs that gear restrictions entails, 

resource rents are not lost with the imposition of taxes. Instead they are collected as tax 

revenues by the fishing management authority. In Figure 2.2, the vertical distance 

between TC1 and TC2 is the representation of this tax revenue. The reduction of effort is 

not provided through the imposition of economic inefficiencies upon the fishers. It is 

simply the imposition of a minimum cost on the utilization on the resource. The fishers 

are still allowed to utilize and harvest the resource in the most economically efficient 

way. The fishery management authorities capture of the resource rent through tax revenue 

also avoids the problem of encouraging further investment into a fishery due to potential 

rents that an overall quota has.

Taxation of inputs is simply the imposition of a tax on the essential inputs of the 

industry, such as fuel, nets, boats, etc. Such a tax is an imposition of a minimum cost of 

utilization by the fishing management authority in order to utilize the fishery. Graphically 

it can be modeled as an increase in the total costs of fishing, as in Figure 2.2. Tax revenue 

is calculated in the exact same way as with a tax on output, the vertical distance between 
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Total Cost curves 1 and 2.

Taxation has the advantage of allowing the fishing management authority to pay 

for itself with the tax revenue it collects. So it can potentially gather its revenues from 

only the fishers, depending on the structure of the particular fishery industry supply and 

demand curves. Lawson notes that a key determinant is the elasticity of the fishing 

industry's demand or supply curves.24

Figure 2.3 graphically demonstrates the effect that a varying demand curve can 

have on the distributive effect of a taxation scheme. In Figure 2.3 (a) the original supply 

curve is represented with line S. S1 represents the effects of the impositions of a tax on 

the supply curve. With the new supply structure, the quantity demanded falls from Q to 

Q1. The price payed by the consumer however increases greatly from P to P1 due the 

inelastic demand curve of the market. It should be noted that the bulk of the tax falls upon 

the consumer due to the inelastic demand curve, represented by the distance between P1 

and P. The producer pays a much smaller proportion of the tax, the distance between P 

and T. In Figure 2.3 (b) the elastic demand curve results an more even distribution of the 

effects of the tax. The producer pays a much greater proportion of the tax than in Figure 

2.3 (a) and the output is reduced to a much greater degree than in Figure 2.3 (a) as well.

24 Lawson 1984, 75
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Figure 2.3 Distribution and Effects of Tax With Differing Demand Curves
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Figure 2.4 Distribution and Effects of Tax With Differing Supply Curves
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The effects of differing elasticities of the supply curves are demonstrated 

graphically above in Figure 2.4. Here we see that as opposed to Figure 2.3, Figure 2.4 has 

the inelastic supply curve resulting in the producer paying a greater proportion of the tax 

than the consumer. Meanwhile, the elastic supply curve has the consumer paying the 

majority of the tax as opposed to the producer.

Figure 2.3 clearly demonstrates that in the situation of elastic demand curve, the 

producer will reduce production a significant amount compared to an inelastic demand 

curve. However the situation shown in Figure 2.4 differs greatly. Even though the 

producer pays a smaller proportion of the tax in Figure 2.4 (b), the shift in price given by 

the tax promotes a reduction in quantity due to the demand at the new price. Figure 2.4 

(a) has the producer paying a much larger proportion of the tax due to the inelasticity of 

supply in the short term. Of the four presented situation in Figures 2.3 and 2.4, only a 

situation of extreme demand inelasticity and extreme supply inelasticity have the 

possibility of not seeing significant decreases in production.

However the implementation of a taxation scheme will drive fishers who are 

operating on at the borderline profitability out of the fishery. Depending on the amount of 

effort considered in excess, such a contraction could produce a high degree of lost jobs in 

the industry. While this is a problem that most regulatory schemes face, a taxation based 

scheme has the potential to inflict the largest losses due to the inability to substitute when 

compared with other cost raising measures such as gear restrictions.

Another major problem with a taxation scheme is the potential inflexibility that 

may result. It is a rare institutional arrangement for the fishing management authority to 

have complete control over the tax rates that are levied on the fishers in such a scheme. 

Adjusting the tax rate may be a slow and painful process of fighting against institutional 
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constraints. This is not ideal if the level of effort requires sudden changes due to shifts in 

the ecological, economic, technological, etc. situation of the fishery.

Licensing

Another method of restricting access to the fishery is the fishing management 

authority imposing a license requirement on any fisher who wishes to utilize the fishery. 

A licensing system works by restricting the amount of effort that is allowed to be utilized 

in a fishery. Only a certain amount of fishers are allowed into the fishery, they must have 

a license to legally utilize the fishery. The individual unit utilized for the issuing of a 

license can vary from nets to individual fishers; it is usually comprised of an individual 

boat license.

A key element of a licensing system is the way in which the licenses are 

distributed. Given the overall objective is to reduce the effort level of fishing to a more 

sustainable level, there will understandably be a limited amount of licenses to be given 

away. There are several schema through which a fishing management authority may 

distribute the licenses.25 

Historical involvement is simply allowing those who have utilized the fishery 

during a certain period of time to be allotted a license when they are initially issued. This 

criterion simply stops the entrance of new fishers to the fishery. The number of boats in 

the fishery remains at the open access level if that is where it was operating at before the 

implementation of the licensing scheme.

A solution proposed by a number of authors26,27 in response to this problem of 

excessive effort is implementation of a buyback scheme. In this situation, the fishing 

25 Cunningham 1985, 165-167
26 Cunningham 1985, 166
27 Anderson 1977, 180-181
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management authority offers to buy back licenses from fishers until the effort level is 

reduced to a point that is considered more sustainable. This would secure the exit of the 

fishers voluntarily, unlike the forced exit that the imposition of a tax may bring. Fishers 

who would take the offer to be reimbursed for their license would be those who have the 

highest opportunity costs, leaving those who are most economically efficient at exploiting 

the fishery. However depending on how substantial the rents are or the amount of effort 

that must be reduced by overall, it may require a significant financial encouragement and 

expenditures by the fishing management authority to achieve the desired level of effort.

A final scheme proposed is an outright auctioning off of the licenses. 

Theoretically within the bidding process, the fishers who have the lowest opportunity 

costs of fishing would be bidding the highest, in expectation of the future rents that they 

would receive from the licenses. However in the present, the rents would be gathered by 

the fishing management authority by the sale of the licenses. Implementation of such a 

distribution scheme would be extremely difficult in a heavily exploited fishery, with the 

fishing management authority having to fight the full institutional power of the fishing 

industry.

Problems still arise in a licensing system after the implementation of the initial 

distribution of the licenses. If the licensing is successful in its initial goal of reducing 

effort, there is a result of resource rents being realized in the fishery. Graphically this is 

demonstrated in Figure 2.5.
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Figure 2.5 Licensing Effects
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Within Figure 2.5 the licensing effort had the effect of reducing the overall effort 

level from point e1 to point e2 through the reduction of units of effort, for example 

substantially reducing the number of boats in the fishery. At effort level e2 there are 

significant resource rents being achieved by the fishers who utilize the fishery. This 

greatly increases the incentives to the fishers who are able to utilize the fishery to 

increase their effort level in ways not restricted by the licensing scheme. Whether it be 

larger nets, longer hours, trading in for larger boats, or larger crews, the overall result is 

an increase in the overall effort level towards the original open access situation.

Thus the fishing management authority is left with a selection of options to affect 

the situation. The most obvious answer is to do nothing and simply allow the situation to 

persist. This will eventually lead to the overall effort level rising to the open access 

situation, due to the additional effort putting more strain on the fishery. Another option is 

for the fishing management authority is to attempt to maintain the level of effort through 

continued buyback of the licenses that roughly corresponds to the excess level of effort in 

the fishing fleet. However this only temporarily resolves the problem with the effort 

levels. Economic profits will continue to exist and if this option is pursued, the fishing 

management authority will continue to take on extra costs to maintain the effort level. 

The existence of rents will make it profitable for the fishers to always attempt to increase 

their level of catch. A consistent race emerges between the fishers and the fishing 

authority.

Individual Fishing Quotas

The most radical restriction of open access entails the complete abandonment of 

the concept of a fishery as an open access resource. While it can not be considered 

privatization in any standard economic or political analysis, an individual quota system is 
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the closest to dividing the fishery into units that can stand as an analog to property for the 

fishers participating in the fishery. The overall system is analogous to a synthesis of two 

of the previously discussed systems of fishery management, total allowable catch and 

licensing systems and our analysis will refer to both extensively.

The process begins with the fishing management authority deciding on an overall 

total allowable catch for the fishery. The total allowable catch is then divided into a 

number of smaller individual fishing quotas. From this the fishing management authority 

must choose a distribution schema for the individual fishing quotas. Once the necessary 

expenses have been expended in order to distribute the appropriate number of individual 

quotas to get the overall catch level down to where the fishing management authority 

wishes it to be, the fishery is left to operate.

Within this system resource rents will exist, like all of the other systems studied 

thus far. Unlike a total allowable catch, an individual fishing quota guarantees the fishers 

a minimum level of catch and therefore income. The phenomenon of derby fishing is 

severely reduced, as the fishers do not operate under the uncertainty of income that is 

present in the total allowable catch management scheme. Instead they are given incentive 

to harvest their assigned quota at the most economically efficient rate rather than as 

quickly as possible. 

A major criterion seen as essential by the literature is the transferability of 

individual quotas between owners.28,29,30 It is seen as a way to avoid locking in economic 

inefficiencies and inequities that may result from the initial distribution of the individual 

quotas or changes in economic factors such as technology. Transferability allows for an 

28 Hannesson 2004, 57
29 Field 2001, 258
30 Cunningham 1985, 171
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additional cost to be placed upon expansion in the fishery. If fishers wish to expand their 

share of the quota beyond their initial offer, the only source is purchasing it from another 

fisher. With the existence of resource rents, the price of these individual quotas will rise 

as a market evolves into existence over the rights to these individual fishing quotas.

Such a market gives fishers a readily available way to exit the industry. Unlike 

with taxation based schema, an individual fishing quota gives fishers with high 

opportunity costs a way of divesting from their investment in the fishery through the sale 

of their quota rights. The fishers who have lower opportunity costs will be willing to pay 

increasing prices in order to seize potential resource rents. This gives the high-

opportunity cost fishers a clear exit strategy from the market and has the quotas being 

harvested by those have the lowest opportunity costs for doing so. This implies that the 

total allowable catch is being harvested at greatest economic efficiency and that the 

appropriation of resources towards fishing is optimal.

Even though resource rents exist and may seem attractive to exploit in the fishery, 

there now exists the opportunity cost of gaining additional rights. Depending upon the 

time period through which the individual fishing rights are allowed for, the price will 

essentially reflect the discounted present value of the expected future resource rents over 

that time period. One could imagine that this could be quite valuable if the rights are 

granted for long periods of time, granting rights in perpetuity would essentially have the 

price rise to the discounted present value of all expected resource rents. This large price 

serves as an additional opportunity cost to entry and expansion, supposedly heading off 

the worst aspects of overcapitalization and excessive entry into the fishery.

Such a scheme would require degrees of enforcement as there are large incentives 

for individual fishers to cheat the system in order to gain additional resource rents. While 
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outright cheating is a problem that many of the previously discussed systems have, 

individual fishing quotas also have the problem of upgrading to contend with. This 

problem happens when fishers attempt to maximize revenues by attempting to land fish 

of the greatest individual value. This entails them sorting their catch. This results in the 

effort level suggested by the landed catch being less then the actual effort level in the 

fishery.

The biological variability problem exists with all regulation schema, but an 

individual fishing quota system is particularly affected by it. If the overall total catch 

must be varied due to ecological or biological concerns, the fishing management 

authority must buy or sell rights. However the overall fishing industry cannot vary the 

capacity of its fishing fleet on an annual basis, leading to overcapacity or undercapacity 

depending upon the shift. The fishing industry would assuredly adopt an average level of 

capacity, although the rate of fluctuations in the specific fisheries would influence this 

greatly.

The final problem is the data upon which to base the initial distribution of 

individual quotas. It is essential to avoid giving fishers incentive to make as large catches 

as possible in order to gain a greater share of the initial distributions. Numerous solutions 

have been proposed,31 from looking over reported catches over periods of time, taking a 

fresh record of catches and gathering data specifically for the purpose, or simply setting 

an arbitrary criterion for allocation and allowing market mechanisms to resolve any 

problems that may arise. Any such system will be highly dependent upon the 

management abilities of the fishing management authority over the fishery and the 

fishing industry.

31 Cunningham 1985, 173-274
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Chapter 3: Real World Application of Theory and Results

Theoretical models must be able to survive encounters with actual real world data 

and results if they are to be of any practical use in directing economic policy. Economic 

policy has the possibility of altering the livelihoods of thousands of people for good or ill, 

so the underlying theory upon which it is based must be on solid empirical grounds. If 

what the theory predicts diverges from the actual results, the theory and policy must be 

revised in light of this.

In this chapter our analysis will move to a comparison of the outcomes predicted 

by theory to the actual real world results. Our method of analysis will to focus upon the 

implementation of said policies by the nation of Iceland. We will begin however with a 

primer on the limitations of what oceanic areas a nation-state can enact policy upon. 

Although international marine law is a topic upon which one could write their whole lives 

upon, we shall attempt to focus only upon that which directly affects national 

management of fisheries. After this we will progress to an analysis of the Icelandic 

fishing policy with the implementation of its individual quota system and the results and 

consequences that emerged.

The Enclosure of the Oceans

The concept behind territorial waters was not always a universally held view. The 

doctrine of freedom of the seas gained its first developments partially in reaction to 

efforts by strong European powers to divide the entirety of the seas and the New World 

during the 1400s.32 The arguments over maritime territoriality between Spain and 

Portugal eventually led to a request for arbitration from the Papal authority, Pope 

Alexander VI. His Holiness declared a Papal bull essentially deciding that dividing newly 

32 Cicin-Sain 2000, 32
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discovered lands and sea west of a line 100 leagues33 between the Cape Verde Islands and 

the Azores would belong to Spain, while everything east would belong to Portugal. This 

quickly expanded during Spain's time of imperial power with the Royal Spanish Crown 

claiming as far as the Western Atlantic, the Gulf of Mexico, and the Pacific. Portugal 

likewise would claim the the Indian Ocean and the South Atlantic.  This obviously led to 

disputes and sometimes outright conflict when other nations such as England and the 

Netherlands began to expand their maritime international trade fleets and colonies in the 

New World.34

The situation quickly saw to claims of territorial coastal waters by nations arising 

as a normal set of international relations. Complete freedom of the seas posed a threat to 

the security and commerce of a coastal nation by armed ships patrolling close to the 

shore. Nations dependent upon international trade such as the Netherlands began to argue 

for international law that gave the right for nations to establish a zone of control in the 

marine area immediately adjacent to their coastlines. This zone would essentially give the 

governing power the rights to exercise police and civil power with regards to security, 

fishing, and commerce such as customs. However freedom of the seas was to be 

preserved through noninterference of the passage of foreign vessels through coastal 

waters.

The determination of the size of such territorial waters was decided as many 

things are in history, by military might and technology. It was decided that much like how 

a nation's terrestrial claims extended as far as its national armies would allow, so would 

claims of territorial waters. The Dutchman, van Bykershoek, argued for a territorial water 

limit based upon the range of the most modern coastal weapons technology available at 

33 Roughly 345 miles
34 Cicin-Sain 2000, 32
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the time, the shore based cannon. This worked out to a limit of roughly 3 miles from the 

coastline of nations.35

Throughout the 1700s the various European states and the new American nation 

came to support the 3 mile limit despite advances in weapons technology. During the 

1800s, the combination of Great Britain's domination of the high seas and its vigorous 

support of the 3 mile limit led to nearly all seafaring nations to adopt it as the 

international standard for territorial waters claims.

This international agreement lasted up through the two World Wars. However the 

signing of surrender upon the United States Navy battleship Missouri by the Japanese 

Empire on September 2, 1945 would be followed by a virtual revolution in international 

law regarding the sea. Less then a month later on September 28th, the United States 

President Harry Truman would make a proclamation, claiming effectively all natural 

resources below and on the continental shelf of the United States of America to be under 

the jurisdiction of the United States and thus the American government. Here the 

American government's primary concern was strategic mineral resources such as oil and 

natural gas.36

Given United States' position at the time as one of the two major superpowers in 

the post-World War II international hierarchy, this declaration was met with many other 

nation claiming similar limits. Iceland, highly dependent upon sea based resources for its 

national economy, would see the Icelandic parliament, the Althing37, pass a similar 

resolution that would claim all resources above the continental shelf38 after the American 

government's decision. This law was concerned primarily with the fisheries within the 

35 Hannesson 2004, 30-31
36 Hannesson 2004, 31
37 Althing stand for literally “(the) all-thing” =general assembly
38 Continental shelf being defined as extension of the land mass out to the depth of 200 meters.
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claimed area.

Following in rapid succession was proclamations from several Central and South 

American countries of expansions of territorial water claims. Argentina, Mexico, Panama, 

Chile, Peru and Ecuador would expand their claims in the wake of the Truman 

Proclamation. With the exception of Argentina, all of these nations possess a narrow 

continental shelf and thus exploited resources in the ocean column at depths that were 

much greater then 200 meters. In order to not lose out on these strategic resources, they 

claimed a jurisdiction that extended to 200 nautical miles39 from their national coastlines.

The flurry of national declarations of extensions of territorial waters threw the 

previous international law regarding the sea into a free-fall. The newly established United 

Nations was seen as a potential forum for the establishment of a joint international law 

concerning the sea. Amidst growing pressure the first United Nations Convention on the 

Law of the Sea took place in Geneva, Switzerland in 1958. With regards to the resources 

on or under the continental shelf claimed by the Truman Proclamation of 1945 an 

agreement was reached which essential codified the precedent the United States had set. 

Coastal nations now had ownership over the resources on and underneath their 

continental shelf.

With regards to living resources such as fisheries no major agreement was decided 

upon. The major stumbling block of negotiations surrounded the actual physical width of 

the coastal nations' territorial waters. There were those nations who wished for extended 

jurisdiction, which conflicted with the desire to maintain the 3 mile status quo. The 

proposal put forth was an attempt at a compromise solution of 12 miles for territorial 

waters. This compromise attempt failed to reach the two-thirds majority vote required for 

39 230 ground miles
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ratification. A second United Nations Convention on the Law of the Sea was held two 

years later in Geneva to resolve the issues left incomplete by the first conference failed to 

produce any tangible agreements as well.

During this time technology continued its rapid advance. Fishing technology in 

particular saw immense innovation. The world's fishing catch rose at the prestigious rate 

following the end of hostilities of World War II, averaging a 6 percent increase for the 

whole world's total fishing catch every year up to the early 1970s.40 On another front, 

underwater mining technology improved to the point where mineral resources in deep sea 

location could potentially be utilized. The advantage the West had concerning 

technological superiority led to concerns by the developing nations that the West would 

be able to get a monopoly on such resources due to said superiority. This was best 

exemplified by the attitude taken by Arvid Pardo, the Representative of Malta to the 

United Nations, who proclaimed in 1967 that the deep sea should be the common 

heritage of mankind.41 Such concerns led to the United Nations calling another 

conference to deal with international law regarding the sea after attempts to resolve the 

seafloor resource issue broke down between developed and developing nations.

A third United Nations Convention on the Law of the Sea was therefore called in 

1973 at the new headquarters of the United Nations in New York City, United States. To 

avoid the problems that a majority approach had with the previous two conventions, a 

consensus approach was undertaken. The convention had a scheduled end date of 1974. 

Instead it would become an ongoing convention with intermediate meetings over a period 

of 10 years.

After 10 years of negotiations that involved nearly every member of the United 

40 Hannesson 2004, 34
41 Hannesson 2004, 35
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Nations a series of agreements were reached by the involved parties. The most 

revolutionary among these concerns was the recognition of the concept of an exclusive 

economic zone. Within the area of 200 nautical miles from the baseline mark42 of the 

coast of a nation-state, the governing body had the sole right for exploitation of any and 

all natural resources. Governments still had to maintain freedom of navigation but could 

conduct enforcement upon foreign producers who entered the exclusive economic zone 

and exploited it without permission.

Such a treaty represented a tremendous step in international law regarding oceanic 

natural resources. Even nations who did not fully ratify the treaty, most notably the 

United States43, recognized all of its major provisions and often codified them into laws 

passed by their own governments. A notable example of this is the United States 

Congress's passage of the Magnuson-Stevens Fishery Conservation and Management Act 

establishing a 200 mile exclusive fishing zone and United State's President Ronald 

Reagan's later proclamation that made said zone into an exclusive economic zone.

The legal framework established by the convention is extremely important to note 

for an analysis of the economic situation. Given that nearly every major nation-state has 

either ratified or signed the treaty, it allows us to begin our economic analysis within the 

commonalities considered under it. The treaty was essentially one of the largest 

enclosures of natural resources to date, allowing nations to have the ability to manage 

oceanic resources in the zone as they see fit.

While in the past such an exclusive claim to an economically valuable area would 

have to be enforced by the cannon and sword, the establishment of a clearly delineated 

42 Generally acknowledged as the low tide water line, although depending on geography a straight line 
may be utilized. An example of this would be the White Cliffs of Dover.

43 As of the time of this writing (May 2010) it has still not been ratified by the United States Senate 
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zone of control allows for an effective economic policy to be constructed with regards to 

oceanic resources.

Iceland: Radical Change

"It is almost as though we use our military to fight the animals in the ocean.”44

“Margur ágirnist meira en þarf.”- Icelandic Saying45 

Fisheries are one of the most vital industries within the economy of the island 

nation of Iceland. Fish and fish products account for nearly 70 percent of the exports of 

Iceland. The extreme importance of fishing has led the small nation to victoriously pursue 

a defense of the fisheries that are within its exclusive economic zone.

The most prominent historical events of the Icelandic struggle to declare and 

defend its natural resources regard fisheries. The failure of the first United Nations 

Convention on the Law of the Sea to achieve an agreement with regards to national 

fishing limits led the Icelandic parliament to declare ownership of the fishery resources 

out to 12 nautical miles, leading to conflict with foreign nations who allowed their fishing 

fleet to harvest these fisheries.

The most visible culmination of this was the “Cod Wars,” a series of 

disagreements and confrontations between Iceland and the United Kingdom over British 

fishing vessels harvesting from fisheries that Iceland considered within their economic 

zone. Even though Iceland has a miniscule navy compared the the Royal Navy of the 

United Kingdom, a combination of international pressures due to the size and power 

differential between the nations and the expense of sending the Royal Navy to guard the 

fishing trawlers led to the United Kingdom to accept the 12 mile limit during the first 

Cod War.

44 Daniel Pauly – Marine Biologist
45 Often does one desire what one does not need
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The 1972 Cod War erupted after the Icelandic Althing extended the Icelandic 

claim on fisheries to 50 nautical miles out. This did not proceed as peacefully as the first 

war, with the Icelandic coast guard employing net cutters in order to prevent British 

fishing trawlers from harvesting resources. Eventually an agreement was reached via 

negotiations. This however did not last, with a third Cod War breaking out with the 

expiration of the agreement. Iceland would claim authority over fisheries within a 200 

nautical mile zone. The escalation continued, with incidents of ramming occurring 

between British and Icelandic ships. It would take the threat of closing the Keflavik 

NATO airbase in order to get the British to agree to withdraw their fishing trawlers to 

outside the 200 nautical miles zone. Eventually this limit would be recognized 

internationally with Iceland signing the 1984 UNCLOS treaty and its entry into force of 

international law in 1994.

Domestic Overfishing

Even with the enclosure of the 200 nautical miles limit on national fisheries, the 

Icelandic fishery fleet proved quite capable of drastically overfishing the fisheries on 

their own. During the 1960s one third of the total catch had been taken by foreign fishing 

vessels.46 The enclosure of the fisheries by the state led to a tremendous increase in the 

Icelandic fishing fleet. From 1970 to 1980 the amount of stern trawlers would increase 

from zero to 80.47 Between 1945 and 1975, advances in fishing technology combined 

with said increase resulted in a prodigious growth in the fishing capacity of the Icelandic 

fishing fleet.

The problem of overfishing first arose in the Icelandic herring fisheries. A boom 

in the market for herring led to such levels of overfishing that the entire stock collapsed 

46 Hannesson 2004, 114
47 Eggertsson 2004, 47
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during the period of 1967-1968.48 The collapse was of such proportions that a complete 

moratorium was imposed upon the act of commercial fishing of herring for nearly a 

decade.

The most economically important species within the Icelandic exclusive economic 

zone was the demershal49 fisheries however. This category includes such valuable species 

as the redfish, halibut, and cod. The most economically important of these fisheries, the 

cod fishery, was showing signs of distress and overfishing. This was underscored in 1975 

with the publishing of a report on the situation of the biological stocks of fisheries and 

other marine animals in the Icelandic Banks by the Icelandic Marine Research Institute. 

This report would be know as the “Black Report” due to the picture it painted as to the 

state of these resources. The next month would see the publication of the “Blue Report”, 

due to the cover's color and tone of its content. This report concerned itself with the 

current developments and the predicted future of the fisheries of Iceland.

The publication of these two reports painted a grim picture of Icelandic fisheries if 

current trends were not altered. The current stock of cod was already estimated at low 

levels. If relatively uncontrolled fishing policy was continued, the biological stock of 

other Icelandic fisheries would collapse just as the herring fishery collapsed. Faced with 

this grim prediction, the Icelandic government took action.

Direct Intervention

The first fishing policy actions taken by the Icelandic government with regards to 

the demershal fisheries was the introduction of direct regulations upon the fishers and the 

fishery. The Icelandic Government introduced a Total Allowable Catch for Cod along 

with a restricted fishing season when said catch was met or exceeded by the fishers of the 

48 Danielsson 1997, 123
49 Species that dwell on the bottom of a body of water.
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fishery. Also attempts to restrict the entry of new vessels into the fisheries were enacted. 

The result was exactly as predicted in the economic models of fishery regulation. The 

system had little to no effect upon limiting the capacity of the fishing fleet. A classic 

derby fishing scenario emerged as the fishers attempted to increase their investment in 

catching capability in order to catch more fish during the fishing season. They also 

attempted to increase their fishing effort put forth when the fishery season was opened by 

the Icelandic Government.

The result was shorter and shorter fishing seasons as the season length had to be 

reduced due to the total allowable catch for cod being met earlier and earlier. Under the 

total allowable catch system the cod fishery saw an overall reduction in allowable fishing 

days for large fishing trawlers from 323 to 215 over the period of 1977 to 1981, a one 

third reduction in total allowable fishing days.50 The system also proved difficult to 

monitor, with the actual catch exceeding the total allowable catch frequently by a 

substantial margin.51 The system was also held hostage by several political forces, with 

regional political institutional interests often attempting to subvert the law on new entry 

into the fishery.52 The overall total allowable catch limit had problems as well, with the 

Government setting it to levels higher than those recommended by marine biologists.53 A 

crisis was looming in the fisheries and all of the measures taken thus far were insufficient 

to remedy it.

Radical Change

1983 saw the cod fishery stock in poor condition again. None of the goals of 

fishing management had been successful, with the disruptions to the cod stock 

50 Gissurarson 2005, 173 
51 Eggerstsson 2004, 47
52 Gissurarson 2005, 173
53 Danielsson 1997, 127
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proceeding nearly cyclically from one bad year to another. Compounding the problem 

was a fall in the export price of fish. The industry took huge losses due to its excessively 

large fishing fleet.54 During the 1983 annual meeting of the Icelandic Fisheries Ministries, 

the associations representing the deckhands,55 officers (skippers and mates),56 engineers,57 

the associations representing the employers,58 and the workers of the fish processors59 

known as the Fisheries Assembly, a radical new system was proposed by the Minister of 

Fisheries, Halldór Ásgrímsson.

The proposition was for a system of individual vessel quotas for cod and the other 

demersal fisheries. The system of distribution was to be the catch levels of the previous 

three years. The proposal encountered opposition primarily from some regional 

representatives of the Northwest regions (Westfjords) and the Officer's Union (FFSÍ). 

However the supporters were very much in the majority position at the assembly, leading 

to the measure's passage on a trial basis for one year. Transferability of the quotas was 

allowed and did not appear to have any serious debate at the time of its proposal 

surprisingly.60

The new system would take place during the 1984 fishing season. The initial 

quota shares were allocated to fishing vessels from the catch records of the previous three 

years. It was extended at the end of the one year trial period for another year. This was 

followed by an extension of two years and then an extension of three years. On May 15th, 

1990 the individual transferable quota system was made valid for an indefinite future, 

54 Eggertsson 2004, 48
55  Icelandic Seamens' Federation (Sjómannasamband Íslands; SSÍ)
56  Merchant, Navy and Fishing Vessels Officers' Guild (Farmanna- og fiskimannasamband Íslands; FFSÍ)
57  The Icelandic Engineer Officers' Association (Vélstjórafélag Íslands)
58  The Federation of Icelandic Fishing Vessel Owners (Landssamband Íslenskra Ùtvegsmanna; LÍD')
59  Workers Union (Verkamannasamband Íslands; VMSÍ)
60 Hannesson 2004, 117
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through the Fisheries Management Act of 1990.61

Results

Numerous studies were undertaken to measure the effects of the new individual 

transferable quotas management system. The Icelandic Ministry of Fishing undertook 

studies of the state of the stock of the fisheries from a period that spanned several years 

before the introduction of the new management system until several years after the 

encompassing of the system for all weight classes of fishing boat and trawler. The data is 

presented below in Table 3.1.62

In the period before the introduction of the new individual quota management 

system, the data showed a correlation with the results expected from the economic theory 

of Chapter 2. This is most dramatic in the first years of data recorded, with the 1980 catch 

of cod being 45 percent higher then the recommended total allowable catch. Even in the 

years of the initial implementation of the new management system, the total catches by 

the industry exceeded both the recommend and national total allowable catches. Full 

coverage did not improve the situation, with catch exceeding the set total allowable 

catches for nearly every year except the 1991 fishing season. On average the total 

allowable catch set by the Icelandic Fisheries Ministry has been 12 percent higher than 

the recommended catch. Likewise the total catch has average 12.5 percent higher than the 

set total allowable catch.

61 Gissurarson 2005, 173
62 Danielsson 1997, 127
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Table 3.1
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Several explanations have been offered for the constant overshooting of limits set 

by the Fisheries Ministry. The first is that the advice of marine biological experts is being 

ignored in the setting of total allowable catches. The final decision on the size of total 

allowable catch for a fishing season is given to the Fisheries Minster, a politically 

appointed position. Due to pressure from the minister's party and various fishing industry 

lobbies there has been a noted tendency to set total allowable catches in excess of the 

limits recommended by marine biological experts. A second theory is that the marine 

biologists' advice may have been inaccurate and thus led to recommended total allowable 

catch levels that were in excess of the optimal levels for the condition of the fishery's 

stock. A final theory is that the overseeing authorities allowed the harvest of more quotas 

and permitted additional effort in excess of what had been set by the total allowable catch 

that they themselves were responsible for setting.

Such results may be seen as an black mark on the new system regarding 

overfishing. However the total catch is a result of the authorities setting an appropriate 

total allowable catch for the fishery. An individual transferable quota system only ensures 

that the set total allowable catch will be caught efficiently by the industry.  According the 

economic theory, fishers will fish out to the maximum allowed by the individual quota 

system. If the total quota is too high, it is essentially an institutionalization of overfishing 

by the fishing management authorities. The overfishing will be conducted efficiently, but 

will still be overfishing. Any fishing management system would fail within such 

parameters, whether it be an open access total allowable catch set too high or a gear 

restriction regime with limited enforcement of regulations. 

A second route of analysis is to examine the effects this has had upon the 

efficiency of the Icelandic fisheries. This is one of the major predictions of the economic 
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theory, that an individual transferable quota system will allow for efficient harvesting of 

fish instead of overcapitalization and excessive effort in the industry under a simple total 

allowable catch system.

Studies show immense improvements in productivity of capital and labor after the 

introduction of individual transferable quota system. Figure 3.1 is a graphical 

representation of said productivity changes and the cod and aggregate fish stock.63 

Although the relationship between productivity and the fish stock size is clear, there is a 

clear divergence with the introduction of the new fishery management scheme. While the 

possibility of technological change, such as freezing at sea, must account for some of the 

new found productivity, the primary mover has been changes in fishery management by 

the new individual transferable quota system.

63 Dannielsson 1997, 133
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Figure 3.1 Total Productivity of Capital and Labor and Changes in Fish Stocks
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The introduction of the new fishery management style and the changes in 

productivity of course must be analyzed. Figure 3.2 graphs the relative changes of the 

overall Icelandic fishing fleet's tonnage and the price. Here there has been a clear increase 

in the overall tonnage of the Icelandic fishing fleet.64 However there has been a 

tremendous change within the overall fishing industry's fleet with the introduction of the 

new fishery management.

Table 3.2 records the change in the overall structure of the Icelandic fishing 

fleet.65 From analysis it can be seen that there was a movement within the industry 

towards large trawling style vessels. Such vessels act as both fishing ships and sailing 

processing stations. They are utilized also for fishing in international waters, outside of 

the exclusive economic zone that the Icelandic individual transferable quota system 

encompasses. Among inshore fishing boats that primarily operate within Icelandic 

territorial waters, there has been movement in the industry away from this sort of capital 

investment. 

64 Danneilsson 1997, 125
65 Eythórsson 2000, 487
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Figure 3.2 Relative Changes to the Icelandic Fishing Fleet Tonnage and Catch Price
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Table 3.2 The Icelandic Fishing Fleet



64

Unintended Consequences

Several unintended consequences emerged with the imposition of the new fishery 

management system. Small vessels of less then 10 GRT (gross registered tons) were 

initially exempted under the system. Although they initially took 3 percent of the cod 

harvest, the fishing industry exploited this loophole and their share taken by these vessels 

grew tremendously. In 1984, 964 small boats were registered as fishing vessels, the 

number had increased by more then 100 percent to 1956 boats in 1996.66 In combination 

with increases in fishing technology, by the mid 1990s the number of boats below 10 

GRT had increased many times over, accounting for over 20 percent of the cod harvest.67 

It took nearly 10 years after the passage of the Fisheries Management Act for this 

distinction to be eliminated by the government of Iceland.

The creation of such transferable quotas also created a new category of capital 

that was required to exploit the fisheries. As with all forms of capital, a distinction 

emerged between those who owned the quotas and those who wished to utilize them. A 

market for leasing of quotas emerged in the Icelandic fishing industry. Four differing 

quota leasing categories emerged in the wake of the introduction of the individual 

transferable quota management system.68

One type of leasing is quota exchange of differing species with other quotas. The 

defacto unit of “currency” within this arrangement was an exchange rate of cod 

equivalents, somewhat analogous to the domination of the United States Dollar. Another 

is referred to as contract fishing. The arrangement is between fishing companies who 

hold many quota holdings and owners of fishing vessels who own few to none holdings. 

66 Hannesson 2004, 119
67 Hannesson 2004, 119
68 Eythórsson 1996, 273-274
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The contracts which allow the leases stipulates that the vessels are to deliver the fish 

gathered under the quota holding to the owning company and receive a fixed price for the 

delivery.

A variation on contract fishing is know as quota pooling. In this arrangement 

fishing companies with quotas get boat owners who also have quotas to enter a contract, 

increasing the quota amount the boat owners are able to catch. The boat owners then 

deliver to the companies, often at a fixed price. Some of the agreements may allow the 

boat owners to sell some of their catch directly to the auction markets.

The final type of leasing is direct leasing. Within this arrangement boat owners 

lease a quota at a market price directly from the owner or through a mediator. The boat 

owners are free to deliver their catch to wherever they wish. It has been noted that such 

direct leasing of quotas has been the response to such problems as catching bycatch with 

no quota. Also it has been utilized to extend the fishing season for a boats that find the 

quota they possess or have previously leased is insufficient.69

The implementation of a transferable quota system led to many leasing 

agreements taking place due to the high demand for the quotas as existing fishing capital 

stock vastly surpassed government catch limits. The price of cod quotas in particular saw 

a large rise in leasing prices in comparison to average landing price of the raw fish.70 

Reductions in the overall Total Allowable Catch led to reduction in the volume of 

individual vessel quotas, creating a demand for leased quotas. Figure 3.3 shows the 

growth of the price of the quota leases.71

69 Eythórsson 1996, 274
70 Eythórsson 1996, 274
71 Hannesson 2004, 123
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Figure 3.3

Upper Panel: Lease price of cod quotas in Iceland, in kronur per kilogram of gutted 

weight

Lower panel: Lease prices in percent of raw fish price on auctions and in other 

markets
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The result of the development of a quota leasing system for fishers was the rise of 

a system of contract fishing between small fishers and large fishing corporations. The 

terms of the leasing contracts were often designed such that the fishers were paid a fixed 

price by the corporations in return for their deliveries. The most prevalent pricing scheme 

was the market price for the raw fish with the quota leasing price subtracted.72 The 

necessity for quotas led them to becoming a new form of necessary capital that was 

needed as much as the labor and the physical capital to engage in the activity of fishing.

This resulted in downward pressure on the fisher's wages with the rise of contract 

fishing. A reluctance to divest from the industry due to high unemployment during the 

90s led to a drop in fisherman's wages.73 Reasoning for this is that the increase  of 

efficiency as defined by lowered costs of the fishing market was being brought not 

through exit of excessive investment capital in the industry but through renegotiation of 

labor wages and practices throughout the industry. According to one of the fishing 

unions, the Merchant, Navy and Fishing Vessels Officers' Guild (FFSÍ), in 1993 a fisher 

would get half of the market price for the delivery of fish, the remaining section of the 

price going towards payments for the leases of quotas.74 Such practices were referred to 

as a “feudal” system by the fishers, with “tenants” (leigulidar) as fishers and quota 

owners as “lords of the sea” (sægreifar).75

This downward trend in fishing labor wages resulted in industrial action by the 

fishing crews, with strikes in January of 1994, 1995, and 1998. Realizing that the entire 

individual quota system could be dismantled if the major fishing unions receded their 

support for the system, the Icelandic government intervened in the leasing situation. After 

72 Eythórsson 1996, 273-274
73 Eythórsson 1996, 273-274
74 Eythórsson 2000, 488
75 Eythórsson 1996, 277
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several rounds of negotiations, an agreement was reached for the formation of a new 

institutional framework in March of 1998 in order to control prices, resolve disputes and 

to control leasing transactions.

A Share-price office76 was established and given the authority to control landing 

prices and secure a fair salary for the fishing crews. This in turn was linked to a newly 

formed committee77 with representatives of both boat owners and crews to resolve pricing 

disputes. Finally to control leasing transactions a stock-market like institutional structure 

was created, the Quota Exchange Market.78 Within the new arrangement, all quota leasing 

transactions except for transactions between vessels of the same owner and direct 

exchanges of species quotas must be placed anonymously within the market, essentially 

an outright ban on the contract fishing system that had emerged in the aftermath of 

implementation of the individual transferable quota system.

The introduction of such measures has threatened the existence of the system. The 

Icelandic government has taken great pains in order to proclaim that the system is one of 

national property not a privatization of the national fisheries. The government has infact 

increased in efforts to integrate itself in the system since the passage of the Fisheries 

Management Act of 1990.

Most notable among this is a simple resource tax that was imposed upon the 

system in 2002 by law. It was calculated with regards to industry wide profits and then 

imposed upon the individual quota holders rather then taxing the profits of individual 

firms. The objective of such a tax was simply to cover the costs of the system and not to 

76  Verðlagsstofa skiptaverðs

77  Úrskurðarnefndsjómanna og útvegsmanna

78  Kvótathing
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capture the resource rents that were being produced under the new system.
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Chapter 4: Conclusion

In conclusion the market orthodoxy that has dominated the economic conversation 

since the decline of governmental intervention within the economy has gone along a 

different path with regards to fisheries economics. The truly free markets that were the 

norm in the pre-World War II era are ecologically and economically unsustainable with 

the proper economic analysis. And yet imposition of the government control and planning 

methods also further exacerbate the problem with fisheries, allowing for increasing 

economic inefficiency to result in such effects as overcapitalization and excess effort 

towards fishing.

The attempt to find a balance between the two extremes, the union of both 

approaches known as individual transferable quotas still has its share of problems. The 

experience of the Icelandic system provides a clear illustration of the tremendous results 

and problems possible for the system. Although economic efficiency can be achieved for 

fishery harvests, the individual transferable quotas system is still only a system of 

management and thus prey to considerations between the current profits of harvesting and 

the value of future stocks. Even the most efficient economic system shall crumble when 

held hostage by the politic which it exists in.

Yet a system of management is itself an agreement between all the actors that take 

part. It took the threat of crisis and collapse of the Icelandic fisheries to change the self-

interest of the parties involved and they can easily revoke their approval and bring the 

entire system down. The conflict over leasing and the simple nomenclature to which the 

Icelandic system brings into thought the fact that the most efficient economic results may 

actually harm those that are involved in its production. And without their consent the 

threat of reverting to ways that are known as detrimental to the overall goals of society 
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rears itself.

Ultimately the field of fisheries economics has a tremendous amount of avenues 

to explore. Within this work we laid forth a bioeconomic model that demonstrated that 

fisheries unmanaged will tend towards fishing levels that are economically inefficient 

along with being ecologically unsustainable when the uncertainty of information of 

estimating fisheries is taken into account. The model contains very few assumptions that 

could be considered unrealistic. Even when some of the assumptions are relaxed the 

model still holds its predictive power.

This work also took the model and introduced intentional perturbations

in order to investigate the effects of intervention in the fisheries industry. It analyzed two 

categories of intervention, keeping open access and limiting open access to the fishery. At 

the end of modeling it was found that the only way to potentially incorporate economic 

efficiency along with ecological efficiency is through an individual quota system, a 

pseudo-privatization schema of fishery management.

It was noted in the next chapter that there was a trend in governance of marine 

resource such as fisheries towards enclosures and away from open access on an 

international level. The case of Iceland demonstrates the further movement towards 

enclosure. The Icelandic open access situation regarding its fisheries fulfilled the 

prediction of the model made in Chapter One and Chapter Two very well, with 

overcapitalization and overfishing occurring. The imposition of the individual quota 

system fulfilled some of the findings in Chapter Two. However the new forms of capital 

created had unforeseen effects which threatened the entire endeavor.

The imposition of the new system also demonstrated its greatest weakness, the 

reliance on political institutions. Most governments in the world are run as a democracy 
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and not a technocracy, therefore the will of the people and the will of the experts may not 

always align. Iceland demonstrated this tension with the setting of total allowable catches 

at levels that exceed those that the marine biological experts recommended, with 

predictable results.

Ultimately more progress must be made in this area. The fishing industry is a 

complex series of interaction between economic actors and the ecology upon which they 

are dependent. While we have had a focus upon humanity's ability to alter nature, such 

situations as quota leasing bring to forth, we must also examine the ways upon which 

economic actors can affect each other. For without the cooperation of economic actors, no 

new system can come to fruition from the theoretical and empirical insights that may be 

gained from further research.
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