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Fisheries economics is a recognized body of research 

which is characterized by the joint study of economics, 

the biological characteristics of fishery resources, and 

the policies (regulations) used in the management of 

fisheries. This thesis is composed of three papers, 

each of which is primarily associated with one of the 

three areas just mentioned. The three papers form a 

unified whole by their concern with the manner in which 

the salmon species of the northeast Pacific ocean, and 

specifically, the salmon in and about the Columbia 

River,   are  reared,  harvested,  and publicly managed. 

The first paper (Chapter II) examines certain 

theoretical issues associated with the open access 

characteristics of most fisheries. The primary 

conclusion of the paper is that standard policy tools 

proffered by economists to solve the inefficiency 

associated with open access,  will not likely succeed. 



Property rights are then shown to be a unique means to 

structure incentives for resource use, including the 

discovery of efficient uses for resources. 

Chapter III examines a biological attribute 

associated with the production of salmon, namely, the 

relationship between the number of hatchery fish 

released into the ocean, and the subsequent number of 

harvestable adults. This aspect has become an important 

issue with the emergence of large private salmon 

aquacultural facilities, an entrepreneurial act 

anticipated in Chapter II, and examined in some detail 

in Chapter IV. The study attempts to determine if the 

number of adults actually has been reduced by increasing 

releases of hatchery fish. A non-standard regression 

technique(Law of the Minimum) is employed to estimate 

the functional form of the relationship between hatchery 

releases, ocean conditions, and harvestable adults. 

Finally, Chapter IV is a critical review of 

economists' concern with the policy implications of 

their research. It is demonstrated that economists can 

not define the optimal use of resources, nor specify 

policies which will lead to the optimal use of 

resources. It is further argued that the economics 

profession is now itself an important component of the 

factors which affect resource usage in the open access 

case. Thus, economists themselves need to be studied 

when the purpose of the research is to understand how 



resources with weakly defined property rights (open 

access) are employed. 
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ENTREPRENEURSHIP,     POLICY,    AND    RESOURCE    USE:        THE 

PRODUCTION OF  AND  COMPETITION  FOR  SALMON 

CHAPTER  I 

INTRODUCTION 

This thesis is an examination of the exploitation by 

man of the salmon stocks of the northeast Pacific Ocean, 

with a concentration on the salmon in and around the 

Columbia River. The primary purpose of this research is 

to contribute to the understanding of resource usage 

when individual property rights in a resource are very 

weak (open access). The three papers which comprise 

this volume are both theoretical and applied in nature. 

They are unified by a common concern with the salmon 

resource, and all flow linearly from a single 

question: how are resources employed in the open access 

case? 

A primary focus of this research will be on those 

individuals and groups, who through legislative mandate 

(regulators), license (fishers), and a scientific and 

political interest (economists), affect the manner in 

which resources are exploited. Entrepreneurial 

functions and roles will be highlighted. The term 

"entrepreneurship" is used very broadly here to identify 

the goal defining and goal 



oriented decision making process of those who actively 

desire to affect resource usage. One of the more 

important conclusions of this research is that fishery 

economists have, through their policy proposals, 

provided entrepreneurial services. Economists and their 

research and studiesare now an important element in the 

dynamic aspects of resource usage in the open access 

case. Those who currently wish to study fisheries to 

achieve a scientific understanding of resource usage, in 

the open access case, must now also study the role of 

economics,   and  economists. 

The   body   of   this   thesis   is   composed   of   three 

research papers as follows: 

Chapter2.      Are     Pigovian     Taxes   Property   Rights 

Equivalent? 

Chapter 3.    An Investigation of the Relationship Between 

Oregon   Coho   Salmon   (Q]i£llfiJLy.a£llilS   JtiSiltfih) 

Hatchery Releases and Adult Production Utilizing Law 

of  the Minimum. 

Chapter  4.    Policy and Entrepreneurship. 

One of the distinguishing characteristics of the 

research tradition known as fishery economics, is the 

melding of three disciplinary interests. Since the 

beginning, fishery economists have studied jointly: 

economics,  biology,  and policy.    This thesis follows the 



historical   pattern. 

Chapter II is a strictly theoretical examination of, 

employing standard economic tools and several 

simplifying assumptions, resource usage in the presence 

of weak property rights. It is shown, contrary to the 

standard treatment in the literature, that resource 

usage is property rights dependent. Often, policies 

and regulations in law and those studied in the 

economics literature are designed to overcome economic 

inefficiencies which have been shown by economists to 

be associated with open access. It is argued in this 

chapter that when resources are required by these 

policies and regulations, as they universally are, to 

remain in their historical open access use, 

inefficiencies are likely to remain. Further, it is 

argued, these kinds of policies preclude even 

discovering the extent of the inefficiency associated 

with  open  access. 

Chapter III is primarily a biological study of 

salmon employing standard econometrics and the Law of 

the Minimum, a less widely known econometric technique. 

As was mentioned earlier, fishery economics has 

historically been a meld of economics, biology, and 

policy. Conclusions drawn from the types of 

bioeconomic models employed by economists can be 

importantly affected by the biological  components of 



those models. Chapter III examines one such biological 

aspect of salmon: the relationship between the number 

of juvenile salmon and the number of harvestable adults. 

The work done in Chapter III came naturally out of the 

thoughts and arguments of Chapter II. If, for instance, 

property rights could somehow be strengthened in the 

salmon resource, salmon fishing might be replaced by 

aquaculture, the kind of property rights dependent 

change anticipated by the arguments made in Chapter II. 

In order to evaluate the economics of this type of 

change, the ability of aquaculture to maintain the 

salmon population through hatcheries becomes critical. 

Thus, chapter III examines some elements associated with 

the efficacy of hatcheries to produce harvestable 

adults. 

Chapter IV is an examination of the third element of 

fishery economics: policy formation by public bodies, 

at least as it is understood and researched by 

economists. From the very first, economists have felt 

the need, not only to understand how resource use is 

affected by the strength of property rights, but to 

design policies for public bodies to regulate the use of 

those resources. In Chapter IV, it will be argued that 

economists have likely over estimated their ability to 

identify the optimal use of resources, and thus, the 

value of their policy suggestions is brought into doubt. 

The    process    of    estimating    salmon    production 



characteristics in Chapter III contributed greatly to 

the awareness of the role entrepreneurship really plays 

in the "business" of salmon production. Chapter IV 

then, picks up the speculative elements about 

entrepreneurship at the end of Chapter II, extends them, 

and then uses them to critically evaluate the role of 

economists  in the management of  fishery  resources. 



CHAPTER II 

ARE PIGOVIAN TAXES PROPERTY RIGHTS EQUIVALENT? 

Introduction 

Much effort has been expended in delineating the 

economic consequences of resource use under the regimen 

of open access. The usual result of this work is to 

specify some device which can be used to "correct" the 

problem. That is, it is shown that open access leads to 

an inefficient use of resources and then means to remove 

the inefficiency are offered (Pearse, 1979; and 

Beddington and Rettig, 1983). The solution usually 

entails some form of a tax or tax equivalent to capture 

the economic rent which would be available from the 

efficient use of the resource. 

The notion of using taxes in these situations dates 

at least from the early part of this century, perhaps 

commencing with the Knight (1924) - Pigou (1918) 

controversy over the efficient operation of two roads. 

Actually, Marshall (1895) had even earlier shown that 

the kinds of taxes and subsidies that are so much a part 

of the current open access literature were useful in the 

correction of the misallocation of resources. Taxation 

schemes (now commonly referred to as Pigovian taxes) 

supposedly correct the misallocation by introducing the 



shadow price of the resource into the calculus of profit 

maximizing firms or individuals. Some other significant 

research, especially in fisheries economics, has been 

directed to finding alternatives which are tax 

equivalent (Clark, 1979). Clark reasons that, since 

taxes are property rights equivalent, any scheme which 

is shown to be tax equivalent is necessarily property 

rights equivalent. Examples are quota arrangements and 

various forms of  input controls. 

The purpose of this paper is to point out that 

resource usage itself is property rights dependent, and 

thus, finding the correct pigovian tax or tax equivalent 

policy to correct the open access externality, becomes 

problematic. The typical treatment in the literature 

shows that only the level, or intensity, of resource use 

is property rights dependent. It might be shown for 

instance, that open access grazing land will most likely 

be over grazed when compared to the case where a sole 

owner decides the appropriate level of grazing. 

Similarly, in fisheries, it is argued that in the open 

access case there exists too much fishing pressure on 

fish populations. 

What will be argued here is that not only is the 

level of resource use affected by property rights 

assignments, but the use to which a resource is put 

might be changed, and this has profound effects on the 

ability   to   specify   the   optimal   or   efficient   use   of 



resources. For instance, in an open access situation a 

piece of property may be used as grazing land, and due 

to the open access problem, not be efficiently employed. 

However, if property rights could be established over 

the land, the land might no longer be employed in 

grazing at all. Perhaps homes would then be built on 

the land, or fruit or nut orchards might be planted. 

Thus, any suggestion to use taxes or their equivalents 

to establish efficient use of the land in grazing, would 

be   incorrect. 

This paper will, via an example, explore the 

economic consequences of property rights dependent 

resource usage. Two important assumptions are required 

at this time. First, it will be assumed that efficiency 

conditions are met in all other segments of society, or 

that the resources which we are discussing bear no 

significant relationship to any other of society's 

resources. Second, public bodies with control over 

these resources are assumed to make only allocative 

decisions, and attempt at all tiroes to make efficient 

use of the resources they control. For other ideas 

about what it is that motivates public decision makers 

see Niskanen (1971), and Mitchell (1983). Further, in 

this paper many terms will be used in very specific ways 

and certain controversial assumptions (like those just 

above)   will   be   made. In   the   recent   literature 



associated with this topic, some of these terms and 

assumptions have become the source of considerable 

controversy, and subsequently, important developments. 

Some of these controversies have drawn into doubt even 

the ability to define efficiency (Demsetz, 1969; and 

Dahlman, 1979), a term taken for granted in this paper. 

The studied failure to address these issues in this 

paper is neither an attempt to belittle the seriousness 

of the controversies, nor an attempt to reassert the 

primacy of an earlier paradigm. Rather, the purpose of 

avoiding these topics is to keep a clear eye on the one 

issue taken up, and to suggest that even in the 

"perfect" world of objective costs, rents, and property 

rights, a Pigovian tax is not necessarily property 

rights equivalent in the open access case. The issues 

to be discussed will revolve around a topic which has 

often been a source of error in economics - that of 

foregone   opportunities. 

Traditional Approach 

A typical open access problem is usually introduced 

in the following manner. Assume that there are several 

distinguishable units of a resource which vary in 

productivity. These units can be tracts of land, 

fisheries, or pools of oil. For the expository purposes 

of this paper it will assumed that we are dealing with 
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tracts of land currently employed as grazing land. 

Assume also, that there are four such units, that there 

are no tract specific production costs, that total 

returns to the efficient use of these tracts of land are 

as depicted in Figure 1, and that these returns are 

equal to the sum of costs and rent. 

Further, let tract D represent the returns at the 

extensive margin. As such, tract D serves the important 

role of benchmark between costs and economic rent. This 

is also depicted in Figure 1 where costs and economic 

rent are displayed by tract. The differential rents in 

the figure might be due, for instance to different 

natural fertility of the soil or differences in average 

annual rainfall. The rents depicted in the figure are 

also the rents which would be capitalized into land 

values in the case of strong property rights in the 

land. Finally, the rent depicted in the figure is also 

that which is lost in the open access situation, and 

which, it is argued, can be captured by a correctly 

applied tax. 

In abbreviated form, the argument for the 

imposition of a taxing scheme goes as follows: In the 

open access case, assuming diminishing marginal returns, 

the intensity of grazing on each parcel of land will 

occur at that level which dissipates the rent. Marginal 

productivity will be driven down by the increase in 
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Total Revenue 

Total Cost — 

Tracts of 
Land 

Figure 1.  Total Cost, Total Revenue, and Economic Rent, 
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inputs to the level which is found at the extensive 

margin. If this hasnot happened on any particular 

tract, then individuals on that tract will be observed 

to be earning rents. Others, observing the rent, also 

will be attracted to that tract of grazing land, access 

being  open,   in such numbers as to eliminate the  rent. 

A properly applied tax, it is argued, can rectify 

this problem. The appropriate tax is structured 

identically with lease payments which an owner of a 

parcel of the land able to generate a rent would require 

from anyone who wished to graze on the property. 

Through the taxation process, in the absence of property 

rights, efficiency conditions can be met. The tax, 

thus, forces those who wish to use the land to include 

the tax (the social cost of using the land for grazing), 

in their private cost benefit calculations. 

Property Rights Are Unique 

The ability to correct the open access externality 

in the manner described above is dependent upon being 

able, at all times, to specify the highest valued use of 

the resource. The only way the Pigovian tax can be 

property rights equivalent is if the rent collected 

through the tax is equal to the rent which would be 

generated  by  market  activities   of  a   sole  owner  with 
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strong property rights. In the field ofresource 

economics, it is always assumed that the highest valued 

use of resources is that found in the market place, even 

in the open access case. That assumption is likely to 

be wrong, and the important consequences of that error 

are demonstrated below. 

Assume that the tracts of land discussed earlier 

are currently employed in grazing with returns RG'^d' 

and RQ as depicted in Figure 2, but that there are 

alternative uses. Specifically, assume that the other 

use for this land is as housing sites with differential 

returns RH' RH' and RH* Further, for simplicity, 

development costs for housing are assumed to equal those 

for farming, and are constant from tract to tract and 

equal to C. The reason that none of the tracts are used 

for housing is that the land is an open access resource. 

Figure 2 depicts several important points. First, 

the relative returns to farming and housing may bear no 

necessary relationship. That is, relatively low value 

farm land may be valuable as housing sites. Second, the 

existence of an alternative use of these parcels of land 

brings into question the ability to restore efficiency 

conditions by the taxation method specified in the 

literature for cases such as these. Alternative uses of 

resources is actually precluded in actual licensing and 

taxing processes. The license prescribes in detail what 

types of uses are allowed and which are not.  In the 
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Figure 2.  Total Revenue and Cost to Farming and Housing of 
Various Tracts of Land. 
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discussion below, the impact of a taxation scheme which 

includes prescriptions as to how the land is to be 

employed is more fully explored. 

Grazing land is assumed to be that land use pattern 

to which the open access characteristic leads. It is 

further assumed that in the case of the existence of 

private property rights, the land will be in its highest 

valued use, which may or may not be grazing. In a later 

section is a discussion of the kinds of activities one 

expects to see in the open access case, the property 

rights case, and the typical case of government managed 

resources, including land. 

By analyzing Figure 2, it is possible to point out 

the consequences of the existence of alternative uses 

for open access resources under a series of different 

policies and property rights arrangements. In the 

analysis here and to follow, three different states are 

contrasted: 1) open access, 2) fully developed and 

supported private property rights, and 3) governmental 

control. The property rights case is assumed to lead to 

the efficient use of the resource in question and is 

therefore the benchmark by which other states are 

compared. 

Whether or not the property rights case will lead to 

the efficient use of resources is itself a debatable 

topic. The literature surrounding the notion of public 

goods (Samuelson, 1954; and Demsetz, 1970), is based on 
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the idea that to the extent that private acts or 

exchanges have public goods characteristics, private 

exchanges in markets will not lead to efficient states. 

For purposes of this paper, these and other issues will 

be ignored, and the case of private property rights in 

the resources in question will be assumed to lead to 

efficient states. 

That the open access case leads to inefficient use 

of resources is not being challenged here. What is 

being discussed is whether governments, on learning of 

an open access problem, can correct the inefficiency by 

assuming ownership of the resource in question and 

applying a Pigovian tax on the use associated with the 

open access period. For illustrative purposes the 

results of the government extracting rents from specific 

activities in the private property rights case also will 

be examined. Consider tract A. Returns to grazing, RGf 

exceed those to housing, RHf by RG _ RH# Assume first 

that private property rights exist. Tract A would be in 

grazing land with RG _ c potentially recoverable rents, 

where C equals the returns to the marginal tract. 

If a tax were collected from the owner of this land 

as a share of revenue generated from grazing, RG - RH 

would be the maximum tax which could be collected.  This 

is because with property rights, the owner would shift 

from farming to housing if an attempt was made to 
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collect more than the RG - RH in taxes on grazing. In 

this case we are talking about a constrained 

maximization problem for the resource owner, where the 

constraint is imposed by the government in the form of 

a tax. For a more extended analysis of this issue, see 

Steven Cheung's (1974) theory of price control. If, 

on the other hand, this tract of land were found to be 

in open access grazing land, total revenue would equal 

total costs, and all potential rent would be dissipated 

in effort. In this case, Rg _ c rents would be 

recoverable by a tax on grazing. Here then, taxes and 

property rights are not efficiency equivalent because in 

the property rights case there would be a tax level at 

which a  shift would occur to housing. 

The case where taxes and property rights are 

equivalent in every way is depicted by tract B. In this 

case, the costs of developing this property as housing 

are greater than the returns. Grazing on this land is 

the only activity which generates any rent, and is the 

only activity which will occur whether property rights 

exist, or a correctly applied tax (1^ - C) is instituted 

on grazing  in the open access case. 

The final possibility is depicted by tract C in 

Figure 2, and is perhaps the most interesting. Assume 

that the open access situation exists and this tract of 

land is observed to be in use for grazing. If a tax on 

grazing  is  instituted here to correct the open access 
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problem, the maximum amount of the tax which can be 

collected is RQ _ c# The problem here is that grazing 

is not the highest valued use of this land. If private 

property rights could be enacted, the land would be 

transferred through the activity of the market to 

housing, and R£ _ c rent could be generated. So, the 

usual practice of imposing taxes or fees and restricting 

use to the open access use may preclude rent 

maximization, that is, fail to ensure the optimal use of 

the resource. 

Further, it would only seem possible in practice to 

speculate, and not to know with any certainty what the 

highest valued use of the resource would be if property 

rights could be established. In this paper it has been 

assumed that housing and grazing are the only 

alternative uses. If strong private property rights 

existed, one could only speculate as to what uses land 

owners might find to maximize returns to their land. 

Only through the actions of entrepreneurs operating in 

markets, would the highest valued use of resources be 

discovered (See Chapter IV). 

From the arguments made above, it is possible to 

conclude that if resource use is property rights 

dependent, then the common 'solution* to the open access 

problem, the institution of a tax or any of its 

equivalents on the observed use of the resource during 
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the open access state can fail to lead to an efficient 

solution. Further, as in the case of tract C above, 

there appears to be no means by which the efficient 

solution can be ascertained through the simple 

institution of this type of tax. As was discussed 

earlier, however, it would be possible for those who 

have the power to levy taxes, to offer the property, for 

a fee, not on grazing, but simply to use the land as 

those who pay the fee see fit. Over time, the maximum 

fee would be collected, as the property moved to its 

highest valued use. This is in some ways similar to 

discussions in the land use literature on the creation 

of development rights to allocate land between 

alternative uses   (Ervin et al.,   1977). 

Given the case just presented, it is clear that if 

in fact resource use is property rights dependent the 

restoration of efficient grazing through the use of the 

tax may not be the preferred alternative. It becomes 

critically important to discover whether resource use is 

in practice, property rights dependent. Considerable 

theoretical and empirical evidence suggests that this is 

indeed  the  case. 

Demsetz (1967) pointed out that not only is there 

an incentive to overgraze open access range land: "If a 

person seeks to maximize the value of his communal 

rights, he will tend to overhunt and overwork the land 

because some of the costs of his doing so are borne by 
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others" but also there is no incentive to seek higher 

valued uses: "Under the communal property system the 

maximization of the value of communal property rights 

will take place without regard to many costs, because 

the owner of a communal right cannot exclude others from 

enjoying the fruits of his efforts. . .", and again, "no 

one had an incentive to store water on any land under 

the communal system. . ." So, not only does open access 

lead to over grazing, it precludes other practices as 

well: the storage of water, perhaps for irrigating crops 

other than grass for grazing purposes, for instance. 

Real world examples of considerable differences 

between the types of activities undertaken on the same 

land, under different property rights scenarios are also 

known. One of the most striking is that in a study by 

Bottomley (1963), who showed: "In many semi-nomadic 

communities this expectation (net returns will accrue 

solely to the private investor) will often not be 

realized as the free flow of capital into its 

potentially most remunerative uses is grossly 

handicapped by the common ownership of land." The 

article goes on to point out that relatively high 

returns to land are achieved in Tripolitania through the 

culture of almonds on private land. Equally productive 

land held in common is usually used as grazing land, and 

privately held land which is returned to commonly held 
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land leads to the destruction of the almond groves in 

favor of grazing land. 

The economic analyst who would suggest in this case 

that the inefficiency due to the lack of property rights 

could be corrected by an appropriate tax on grazing 

would seem to be in error. Although constrained rent 

maximization in grazing perhaps could be restored 

through a tax of this type, it would clearly not be the 

efficient solution. One wonders what would happen if 

the millions of acres in the United States, currently 

managed by the government as rangeland, were to be 

placed in the private sector. Surely it is not wrong to 

speculate that some of this land would find higher 

valued uses, and some, much higher. And again, in 

fishery economics, attention is often directed towards 

questions of investment (too much in effort and too 

little in fish). However, investing in fish might be 

something like fertilizing range land, where housing or 

recreational uses might have higher values. 

Summary 

The role of property rights is a complex social 

issue. In economics, the critical importance of 

property rights in structuring economic incentives and 

thus resource use is widely recognized. In this paper, 

many important social aspects of those property rights 
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have been ignored for expository purposes, but one 

relatively unexplored aspect of property rights has been 

more fully developed. It has been shown that the common 

assumption that certain taxes (and other tax equivalent 

policies) are property rights equivalent is not correct. 

As a consequence, the economist's practice of giving 

policy advice to correct an open access problem through 

the use of pigovian taxes or their equivalents, is of 

dubious value. Another extremely important conclusion 

is possible. The establishment of property rights over 

open access resources is likely to lead to non 

continuous changes in resource use. For example, if 

property rights are granted for grazing land, there may 

not be less grazing as the over grazing associated with 

open access is corrected, instead there may be a 

discontinuous jump of the land into housing. Only if 

the highest valued use of an open access resource can be 

specified a priori, can the resource be optimally 

managed with a Pigovian tax or its equivalent. If there 

are transfers of resources to unanticipated uses when 

property rights are enacted, then the costs to society 

of current practices (policies carried out by 

governmental bodies under the tutelage of resource 

economists which keep resources in their open access 

uses), which can themselves lead to the inefficient use 

of  resources,   cannot even be measured. 
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Finally, at least one other generalization seems to 

be defensible at this point. The more a public body 

with control over productive resources acts like a net 

returns maximizing entrepreneur, the more likely is a 

tax or its equivalent to lead to an efficient solution. 

For instance, in fisheries, the sale of permits in a 

competitive bidding situation is more likely to 

establishefficiency conditions than are quotas for 

catching a certain quantity of a certain species of fish 

during a designated time (Moloney and Pearse, 1979; and 

Pearse and Wilen, 1979). Neither of these of course 

would be would be potentially as efficient as selling 

development rights in a competitive bidding situation to 

various sections of the water resource, and then 

allowing the successful bidder to determine the use to 

which the resource would be put, including selling his 

rights to another at a later time. The point is that 

property rights provide a unique means by which to 

efficiently allocate resources, and it is necessary to 

duplicate the function of property rights as accurately 

as possible. 
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CHAPTER III 

AN INVESTIGATION OF THE RELATIONSHIP BETWEEN OREGON COHO 
SALMON (ONCHORHYNCHUS KISUTCH) HATCHERY RELEASES AND 
ADULT PRODUCTION UTILIZING LAW OF THE MINIMUM REGRESSION 

Introduction 

Salmon stocks of the northeast Pacific Ocean are 

and have been an important resource. Recently, man has 

increasingly felt the need to be actively involved in 

maintenance and enhancement of these stocks. However, a 

significant obstacle exists to the careful formulation 

of current and future maintenance and enhancement plans. 

Namely, the efficacy of the schemes which have been 

and/or could be carried out is highly uncertain. 

Currently, salmon management is of widespread 

interest, particulary as there are some salmon fisheries 

which, on cursory examination of performance data, 

appear to be exhibiting negative returns to enhancement 

efforts. Such behavior is potentially illustrated by 

the coho salmon (Oncorhynchus kisutch) fishery in the 

Oregon Index Area (OIA), as measured by the Oregon 

Production Index (OPI). The characteristics of these 

data are discussed below. 

Figure 3 is a plot of the relationship between the 

number of adults attributed to nonprivate hatcheries 

(McGie 1980) within the OPI and nonprivate hatchery 
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smolt releases (lagged 1 yr) for 1961-79. The data are 

not inconsistent with a belief that hatchery releases 

exhibit density dependence, but perhaps more 

importantly, with a belief that increases in releases 

lead to a decrease in total production and that the low 

returns in the years following the highest release could 

imply that too many smolts are currently being released. 

Various models have been used in the past to 

explore the density dependence question. The simplest 

class includes those models which ignore other factors, 

considering the number of adult salmon in the fishery 

(A) to be a function of the number of smolts (S) only. 

Models of this type were used by, for example, Peterman 

(1978, 1981) and Ricker (1976). 

These simple models incorporate the assumption that 

the factors which affect salmon survival, apart from the 

number of smolts, are constant from year to year. 

However, systematic variation in these other factors 

could easily bias the statistical result, altering 

the likelihood that the estimation results would or 

would not exhibit density dependence. A number of 

studies have been done which attempt to account for 

factors which affect salmon survival. For example, 

Peterman and Gatto (1978) investigated predation as it 

impacts returns for pink and chum salmon. Walter et al. 

(1978) examined zooplankton distribution, ration and 

growth for juveniles, mortality and body size, and 
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timing and ocean position in a rather complex simulation 

model for salmon species entering the Pacific Ocean from 

British Columbia streams. Ricker (1975,1976) reviews 

numerous factors which are linked to survival. Mathews 

and Olsen (1980) examine releases and summer stream 

flow. The Oregon Department of Fish and Wildlife, 

through a number of studies, examined among other issues 

the impact of releases and upwelling (Gonsolus, 1978; 

McGie,   1980,1981;    ODFW,   1982). 

The studies specifically dealing with the salmon 

stock represented by the OPI have not consistently 

arrived at the same conclusion. McGie (1981) concludes 

that the depressed levels of abundance are primarily the 

result of density dependent mortality and low upwelling. 

Further, McGie suggests reductions in smolt releases. 

The 1982 ODFW Coho Plan presents two appendices, one 

which supports the existence of density dependence, and 

one which rejects it. Peterman (1981) also studied this 

question finding "no statistical evidence of density 

dependent marine survival" (p.1118). Thus, one purpose 

of this study is to attempt to estimate the relationship 

between smolt releases, environmental variables, and 

adult production. In turn, the results of our analysis 

will be used to simulate the forecasted effects of 

releases on the OPI. 

Estimation  of   output   response  to  changes   in  the 
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level of inputs is frequently done within fisheries 

(i.e. Ricker 1975) and agriculture (Dillon 1976). One 

model of response, which has received recent attention 

in agriculture, arises from Liebig's (1862) concept of 

limiting factors (Perrin, 1976; Gate et al., 1978; 

Lanzer and Paris, 1981). Liebig postulated that the 

level of crop production is determined by the most 

limiting chemical element available. This propositon is 

commonly called the law of the minimum. Recently, 

Hartley et al. (1978) developed a technique which allows 

one to estimate the underlying limiting factors 

relationships. The law of the minimum proposition 

potentially can be applied to the fishery. Thus, the 

second and principle purpose of this paper involves the 

utilization of the law of the minimum concept in the 

attempt to determine the existence of density dependent 

mortality in the OIA, and a comparison of the law of the 

minimum results with ordinary regression results. 

Data and Development of Estimating Equations 

The basic methodology of this study involves 

estimation of models explaining the share of the OPI (in 

units of thousands of adult cohos) attributed to 

hatcheries (OPIAH) as a function of lagged releases (in 

units   of   millions   of   smolts)    and   lagged   upwelling 
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[portrayed by a weighted average of the NOAA upwelling 

indices (Bakun, 1973) as explained by Gonsolus], The 

data used are rather aggregate. The OPI is an index of 

coho abundance representing the number of adults 

harvested in one form or another south of Ilwaco, WA. 

The OPI is used directly in the management of the coho 

stock by both Oregon and the Pacific Fisheries 

Management Council. Its specific characteristics are 

discussed in the Oregon Department of Fish and 

Wildlife's (ODFW) Coho Salmon Plan (ODFW 1982). The 

OPIAH is an adjusted OPI to account for hatchery 

releases excluding wild fish. The data were drawn 

directly from McGie (1980), who explains the adjustment 

process. These data abstract from many potentially 

important factors such as diet, rearing conditions, time 

of release, place of release, genetic diversity, 

freshwater conditions, etc. The omission of these 

factors might bias estimation results. For example, a 

decrease over time in smolt quality could, whencoupled 

with increased releases, lead one to identify 

mistakenly, density dependence. This possibility was 

investigated in the Coho Plan (1982). The results 

suggest that a small proportion of the variation in 

adult production in the OPI could be explained in this 

manner. It does not appear, however, that the effect is 

large enough to alter significantly the results of the 

aggregate analysis  used  in this paper.     In spite  of  the 
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limitations associated with the aggregate nature of the 

analysis, we are using these date because of the ongoing 

policy debate regarding them (as illustrated by 

appendices f and g in the 1982 ODPW report), because 

other efforts have used the same data for the same 

purpose (Gonsolus, 1978; McGie, 1980,1981; Peterman, 

1981), because the data allowed us to fulfill our 

methodological objectives, and because of a lack of 

better   data. 

The models explaining the OPIAB will be estimated 

utilizing regression techniques. The functional forms 

used (given explicitly in Table 1 below) are a simple 

quadratic in releases only [which is quite commonly 

used in agricultural response work (Dillon, 1976); a 

Ricker curve involving releases only (Ricker,1976); a 

simple linear model using upwelling and releases 

(following McGie, 1980,1981); a modified Ricker curve in 

which the exponent term incorporates both upwelling and 

releases (following ODFW Coho Plan, Appendix f), and a 

model based on the law of the minimum concept. All of 

the models except the law of the minimum are estimated 

by ordinary least squares. The law of the minimum 

model, however, is estimated via a different technique 

and merits  discussion. 

The law of the minimum estimation technique 

embodies  the   concept   that   the   output   variable   is 
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Table 1.  Results for Regressions of OPI Production (A.) in 
Year t on the Previous Years (t-1) Ocean Upwelling 
(Ut_i) and Previous Years Releases JSt-l) Using 
Five Different Regression Models.^/—' 

Equation 1:  Returns a Quadratic Function of Releases Only 
2 

Functional Form:  A. = b0+b.. S.^+b-S  , 

Estimation Results 

Parameters          bn       b, b_ 

Estimates         -1992     246.7* -3.89* 

Standard errors    1175       8>24 1<53 

Coefficient of   2 / 
determination (R )       .37  adjusted .30—^ 

Equation 2:  Ricker Curve 
blSt-l Functional Form:  A. = b.S. ,6 

Estimation Results 

Parameters b-       b. 

Estimates 60.081*   -.00549 

Standard errors      ' .01303 

Coefficient of   * 
determination (R )      .28  adjusted 0.19 

Equation 3:  Returns a Simple Function of Releases and Up- 
welling 

Functional Form:  A  = b.+b^.^+b-U. _, 

Es itimation Results 

Parameters b0 bl b2 

Estimates -463 24.4 5.28* 

Standard  errors 592 16.3 1.50 

Coefficient of   2 
determination (R ) .50  adjusted .44 
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Table 1.  (continued) 

Equation 4:  Law of Minimum 

Functional Form:  A = minimum of (b.+b-S  ,; 
do+dlUt-l> 

Estimation Results 

Parameters b_    b,       dn       d1 

Estimates      -766.25  115.5   -519.98   9.75 

e/ Standard error—'                       

Coefficient of   2 
determination (R )       .66  adjusted .59 

Equation 5:  Modified Ricker Curve 

Functional Form:  A. = b_S. .. e t   0 t-l 

Estimation Results 

blSt-l + b2Ut-l 

Parameters b0 bl b2 

Estimates 26.546 ' -.01059 .00366* 

Standard errors  f/ .00918 .000844 

a/ 

£/ 

e/ 

Coefficient of   - 
determination (R ) .57  adjusted .51 

Recruitment (A) is in units of 1,000 fish, releases (S) 
is in units of 1,000,000 smolts and upwelling (U) is 
depicted by an index. 

An * denotes a coefficient significantly different from 
zero at the 5 percent level. 

This is the coefficient of determination adjusted for 
degrees of freedom. 

This coefficient yielded a t of 4.62 in logarithms. 

The standard error on the law of the minimum equation has 
not been derived.  We did run OLS estimates on the laws 
and the observations they uniquely explained (law 1 ex- 
plained 7 observations, law 2 explained 12 observations). 
This revealed the slopes to be significantly different 
from zero. 

— This coefficient yielded a t of 2.93 in logarithms. 
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constrained by several limiting factors. The exact 

level of the output variable is explained by the most 

limiting factor. In the OPI estimation below, the OPI 

(At) is assumed to be constrained by two explanatory 

factors, lagged upwelling, a proxy for ocean food supply 

when the smolts first reach the ocean (depicted as Ut_ 

■j^), and smolt releases (depicted as St_^). The 

explanatory relationship assumes a 1-yr lag between 

these variables and output to account for the life cycle 

characteristics  of  the coho. 

At = min 
^ dn + d-iUi.. 

bQ + biSt-i 
lDt-l 

This assumes a linear relationship between output and 

each factor until the maximum amount of output supported 

by the other factor is reached. An example of this 

process is given in Fig. 4. Assume that upwelling in a 

year (t-1) is Ut_i; then the associated output 

forecast by the upwelling equation is At(Ut_1). The OPI 

observed then will be that explained by releases up 

until the point at which the OPI forecast due to 

releases equals that due to upwelling. Beyond that any 

increase  in  releases does not  increase the OPI. 

This procedure, although apparently new in 

fisheries, historically has arisen in two contexts: 

crop response to fertilizer and economic markets in 

disequilibrium.     The     concept     arose   in   the   fertilizer 



36 

Releases (OS  ,) 

Figure 4. A Graph of the Law of the Minimum Relationships 
Explaining Output for the Coho Fishery Given an 
Observed Level of Upwelling. 
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context with Liebig (1862). Recently, this concept has 

received considerable attention (e.g. Waugh, et al. 

1973,1975; Perrin, 1976; Gate et al., 1978; Lanzer et 

al., 1979; Lanzer and Paris, 1981). Numerous estimation 

methods have been applied in these studies including 

spline regression (Lanzer and Paris, 1981), nonlinear 

regression (Waggoner and Norvell, 1979), variational 

analysis with filtering constraints (Gate et al., 1978 - 

based on Wagner, 1971), and a form of maximum likelihood 

estimation   (Lanzer   et  al.,   1979). 

The concept also arose in terms of economic models 

in disequilibrium. The basic application of the concept 

is best shown graphically (Fig. 5). An ordinary supply 

and demand system will equilibrate where supply and 

demand are equal (point QA, Fig. 5a). However, if a 

binding quota (line Q in Fig. 5b) is imposed, then the 

market will not equilibrate but rather the quantity 

traded will equal the quota. But, the quota may be 

larger than the equilibrium quantity, in which case the 

market will equilibrate at the intersection of supply 

(S) and demand (D) (Fig. 5c). Thus, the quantity traded 

is the minimum of the quota or the equilibrating 

quantity. This is standard fare in economics (arising 

in Hicks, 1939). Recently, however, starting with Fair 

and Jaffe (1972), substantial interest has arisen in 

both the theory and estimation of such systems (e.g. 

Hartley,   1976,   1977;   Hartley   and   Mallela,    1977;   R. 
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Quandt, Dep. of Economics, Princeton University. 

Princeton, NJ, 1979, unpublished data; Chambers et al., 

1981a,b). Estimation of these equations (a special case 

of law of the minimum with the number of factors equal 

to two) has mainly been done through maximum likelihood 

procedures (e.g. Fair and Jaffe, 1972; Hartley, 1977). 

These two approaches were brought together in 1978 by 

Hartley, Hartley and Bowen (HHB). They developed a 

maximum likelihood estimator for the N factor case. 

This estimator  is used here and is  reviewed below. 

Hartley,    Hartley   and   Bowen's   Law   of   the   Minimum 
Estimator 

The law of the minimum postulates that output (Q) is 

determined by the minimum of a number of explanatory 

factors which in turn are a function of any numberof 

underlying independent variables.  Mathematically 

QK = Min G^K  where G^K = fi(XiK) 

where QK is the Kth output observation, G^K is the ith 

factor function equaling fi(XiK). The functions f(X^K) 

involve underlying independent variable (XiK) 

potentially explaining the Kth output observation. The 

Kth output observation (QK) is then chosen as the 

minimum of the various explanatory factor predictions. 
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Hartley, Hartley and Bowen (HHB) formulated a model 

in which the laws G^ were linear functions of the 

explanatory variables   (X^). 

GiK = xiKBi 

However, the prediction of the Kth observation on Q is 

determined  by  the minimum of  the prediction  from the 

various   laws   evaluated   at   the   independent   variable 

values associated with that observation. 

QK = Min GiK = Min X^Bi 

HHB derive a maximum likelihood estimator for 

determining the estimates of the parameters (B) and the 

variance (sigma-squared). The maximum likelihood 

estimator function is determined as follows: assuming 

that the error terms are normally distributed, the 

probability of an output (QK) exceeding a given level 

(QK) is the joint probability that all laws 

simultaneously exceed that level. Thus, HHB formed the 

cumulative density function relative to the estimation. 

Differentiating this function and taking the natural 

logarithm leads to a log likelihood function which is 

then differentiated to obtain an equation from which an 

estimate of B is obtained. HHB's estimation equation 

for B is: 

B  =   (X'WXJ^WQ 
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where W is a matrix of weights (not unlike those used in 

generalized least squares). However the W's are 

functions of the X's so a nonlinear interactive 

estimation procedure is called for. 

The same approach is used for the estimate of 

variance. However, HHB point out that the expression is 

relatively cumbersome and therefore they chose to use 

finite difference formulas to obtain approximate 

solutions. More details on the implementation of the 

above algorithm and a simplified example are provided in 

the appendix. 

Estimation Results 

Not all the functions explained the data equally 

well. Equation 4 (or more properly, equations) is the 

law of the minimum estimate and explains 66 percent of 

the variation in the data. Equation 5 is the modified 

Ricker and explains 57 percent of the variation in the 

data. This equation exhibits a shape consistent with 

density dependence. However, upwelling is the only 

statistically significant factor. Equation 1 is a 

simple quadratic function. The shape is consistent with 

density dependence. Similarly, equation 2 - the Ricker 

curve - also possesses a shape consistent with density 

dependence.     Estimates   by   the   quadratic   function 
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(equation 1) and the Ricker curve (equation 2) fit the 

data rather poorly, explaining only 37 and 28 percent, 

respectively, of the variation in the data. In 

addition, equation 3, a model which considers the 

impact of upwelling, explains more of the variation (50 

percent) with both upwelling and releases positively 

contributing to output. However, the regression 

coefficient for releases is not significantly different 

from zero whereas the upwelling coefficient is, pointing 

out the  importance of considering upwelling. 

The results indicate several things. First, 

upwelling is an important factor in prediction and was 

significant in all equations that it entered. Thus, the 

impact of releases should not be deduced from an 

analysis as is implicit in figure 3 or equations 1 and 

2; rather, other factors need to be considered. Thus, 

statistical analysis which is undertaken to determine 

density-dependence, and which is concerned only with 

adult production and releases, is very likely to be 

incorrect. The statistical pattern with respect to the 

OPI during the ISSO's and ISTO's is a case in point. 

Smolt releases increased throughout the period. Adult 

production first increased and then decreased, 

exhibiting classic density dependence. On the other 

hand, the upwelling index was much higher in the 1960,s 

than the 1970's. 

Second,    the   functions   which   could   exhibit     a 
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density-dependent shape did (equations 1, 2, and 5). 

However, theparameters which make the equation exhibit 

density-dependence are not statistically significantly 

different from zero (i.e., b2 in equation 1, b^ in 

equation 2 and 5) . 

Finally, equations 4 and 5 seem to provide the best 

explanations of the data, but they do not explain a 

considerable amount of the variation. Thus, more work 

is necessary which involves other factors such as stream 

conditions, smolt characteristics, release locations, 

or  expanded data on ocean conditions. 

Evaluation—The Law of the Minimum 

The law of the minimum estimator (LOME) performed 

well on simple Monte Carlo experiments in seeking out 

underlying causal relationships (see appendix). When 

applied to the OPIAH data, a model (equations 4) was 

produced which is a generally superior model to any 

regression model we found and is much simpler. Our 

investigations utilizing this method, however, turned up 

a number of factors to consider. 

First, the method is by nature a nonlinear 

estimation technique working over a potentially 

nonconvex region. Thus, local optimals are possible. 

This   did   not   trouble   us   in   working   with   the   linear 
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equations. We did try some nonlinear functions and 

obtained different parameter estimates when starting 

from different starting points. 

Second, the method did not work well when we entered 

two fairly good explanatory factor functions. This led 

to two different types of results. First, when running 

two equations, one against the other in which the only 

difference was the addition of one more variable to one 

of the equations, the unadjusted coefficient of 

determination declined. For example, adding the 

variable (St^) squared to the law of the minimum first 

equation above led to a coefficient of determination 

equaling .5 with equation 1 eliminating equation 2 

statistically. This type of result was unexpected as we 

were accustomed to the notion that adding independent 

variables always increases the unadjusted coefficient of 

determination. Second, when running a good nonlinear 

equation against another equation, the nonlinear 

technique left the parameter estimates unchanged from 

the  starting  solution. 

Third, the method, to a large degree, simply 

part itionsthedata into a number of subsets, each 

explained by a different equation. Thus, in some cases 

we were able to duplicate the LOME results by ordinary 

regression estimation after the fact, using the relevant 

data subsets for each equation. However, this did not 

always work.       In some cases both equations estimated 
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observations equally well and this altered the 

estimates. 

Fourth, HHB did not derive an estimate of the 

standard error of the coeff icients,nor did we. This is 

desirable and likely possible, although it appears 

analytically difficult. As alluded to above, regression 

can be used to obtain some idea of coefficient 

significance. However, such standard deviation 

estimates  are  biased. 

Finally, the law of the minimum estimator appears to 

be potentially useful in fisheries work as it allows one 

to estimate the nature of underlying causal factors. 

Implications of the Results 

An important management issue is the maximum number 

of smolts to release. This cannot be fully determined 

here due to several factors. The limited data base, the 

possibility of important missing data, incomplete model 

explanations, and statistically insignificant smolt 

release terms limit the reliability of such answers. 

However, even given perfect data, the question of 

•optimal' releases would require information on future 

upwelling, the economic value of adults, and the costs 

of releases. Given these data then, the economic 

optimal level of releases would be calculated so that 



46 

the optimal benefits minus costs would be obtained. 

This is not possible within this paper due to a lack of 

information of the costs and benefits. However, with 

this disclaimer we present a tentative evaluation of 

the number of smolts released which results in the 

physical  maximum OPI. 

The technical maximum is for: a) equation 1 - 

31,700,000 smolts; b) equation 2 - 183,149,000 smolts; 

c) equation 3 - no maximum;d) equations 4 - no maximum, 

and e) equation 5 - 94,400,00. Equation 3 is linear 

with respect to smolts and with a positive estimated 

coefficient there is no technical maximum. For the 

law of the minimum, as the index of upwelling increases 

so does the maximum for smolt releases. However, for 

any given level of upwelling there is an identifiable 

maximum for smolt releases. This characteristic of the 

law of the minimum will be explored below. The maximum 

releases and the results of the maximum release policies 

vary substantially. Therefore, we decided to 

investigate the impact of fixed release policies on 

output and its variability (Table 2). Assuming no 

apriori knowledge of upwelling, the law of the minimum 

results indicate that releases in excess of 40 million 

smolts are wasted, while the modified Ricker results 

show thatalthough smolt releases increase OPIAH until 

94.4 million smolts output, only a 25 percent gain 

in  output   is     obtained  by  more   than  doubling  smolts 



Table 2.  Predictions of OPIAH Production Standard Deviation and Coefficient of Variation 
for Alternative Release Policies from the Modified Ricker and Law of the 
Minimum Models. 

Releases A o A o cvT„ Policy r r LM LM LM 

(106 smolts) (103 fish) (103 fish) (103 fish) (103 fish) 

5 355 124 189 0 0 
10 673 236 389 0 0 
15 958 336 928 118 .13 
20 1212 425 1370 302 .22 
25 1436 504 1672 518 .31 
30 1635 573 1903 742 .39 
35 1809 634 2056 918 .45 
40 1961 686 2075 945 .46 
45 2092 734 2075 945 .46 
50 2205 773 2075 945 .46 
55 2300 806 2076 945 .46 
60 2380 834 2075 945 .46 
65 2445 857 2075 945 .46 
70 2497 876 2075 945 .46 
75 2538 890 2075 945 .46 
80 2567 900 2075 945 .46 
85 2587 907 2075 945 .46 
90 2598 911 2075 945 .46 
94.4 2600 912 2075 945 .46 

A , A M are the output predictions from respectively the Ricker and law of the minimum     ^ 
equations. ^J 

q . aLM are the standard deviations of output from, respectively, the Ricker and law of 
the minimum equations. 

CV  is the coefficient of variation of output from the law of the minimum equation.  The 
coefficient of variation for the Ricker curve is 0.35 at all release policies. 
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released from the 45 million level. In addition, the 

coefficient of variation is substantial indicating that 

(assuming normality) at a continuing release policy of 

40 million, a 90 percent confidence interval for 

releases spanned from 832 thousand adult coho to 3.09 

million for the modified Ricker curve and between 520 

thousand and 3.63 million for the  law of  the minimum. 

Summarizing, it appears that a conclusion about 

release policy is uncalled for. We cannot firmly 

conclude what maximum releases should be, although it 

appears to run from as small as 32 million to as large 

as around 180 million. 
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CHAPTER IV 

POLICY AND ENTREPRENEURSHIP 

Introduction 

The Magnuson Fisheries Conservation and Management 

Act (MFCMA) brought into being regional councils, whose 

responsibilities include determining the "optimal" use 

of the biological resources in the Fisheries 

Conservation Zone (FCZ). While "optimal" use is a 

multi-faceted issue, it is clear that it includes an 

important economic component. As the regional councils 

looked to the economics profession for assistance in the 

late 1970s, they found a quite fully developed tradition 

in fisheries economics. Starting with papers in the mid 

1950s by Gordon (1954) and Scott (1955), a generation of 

economists has concerned itself with optimality and 

bioeconomics. 

In the main, economists have undertaken two 

types of research. First, they have endeavored to 

understand the characteristics of resource usage in the 

face of weak property rights (open access), and secondly 

and most often, they have concerned themselves with how 

society should respond when faced with the "problem" of 

open access. Economists, for instance, have been active 

in assisting fishery management agencies with specifying 
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fishery regulations. 

This paper will examine two issues related to 

economist's attempts to specify policies for fishery 

managers. First, it will treat the issue of how fishers 

respond (entrepreneurially) to changes associated with 

fishery management which affect the economics of 

fishing. As economists have continued in the endeavor 

to specify policy for fishery managers, they have become 

aware that fishers react to policies in sometimes 

surprising ways. Therefore, some analysts have 

recognized that specifying the "optimum" use of 

resources for public bodies requires an examination of 

the entrepreneurial role of fishers. A few studies of 

this type have already been undertaken and will be 

examined in this paper. 

Second, this paper will examine the role of 

economists in the decision making process. Economists, 

it will be argued, have begun to play an entrepreneurial 

role in fisheries management by specifying for public 

bodies the types of policies which they should adopt. 

This active role of economists in the use of fishery 

resources makes them an integral component of the issues 

they are studying. Specific attention with respect to 

the general ideas discussed above, will be directed 

towards: 1) the changes in economists' models required 

by the inclusion of the interactive nature of the 

management process and the decision making of fishers 
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(the role of entrepreneurship), and 2) the role of 

economists in the development of policy. 

The remainder of this paper will be broken into two 

major parts. Part one will briefly introduce the role of 

entrepreneurship in the open access case. 

Entrepreneurship will be shown to characterize not only 

the fishers who must deal with the vagaries of both 

nature and regulators, but also the regulators 

themselves. The majority of the first part of this 

paper, however, is a review of the historical 

development of fisheries economics since Gordon, with 

hindsight   emphasis   on   the   role   of   entrepreneurship. 

The second part of this paper will be primarily a 

critical examination of the policy analysis conducted by 

fishery economists. The criticism will be based on an 

argument that economists have mostly failed to 

incorporate entrepreneurship into their models, and when 

they have, they have not fully appreciated its impact. 

A specific example of the interaction between policy 

and market forces, the Columbia River salmon fisheries, 

will be used to highlight the points made in this 

section. The section will conclude by raising a 

series of challenges. It is not entirely clear where 

the path taken by economists is leading, but in some 

respects (discussed in Part one of this paper) 

economists have become part of the issues  (problem)   that 
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they are studying. 

Policy 

Fishery economics since Gordon is centered around a 

single concept: market failure. One rigorous, yet 

general definition of market failure is: "any situation 

where some Paretian costs and benefits remain external 

to decentralized cost revenue calculations . . . " 

(Bator 1958). In somewhat more lay terms, a market 

failure is said to occur when certain socially relevant 

costs or benefits remain external to a decision makers's 

calculations of costs and benefits and, thus, play no 

role in the decision makers choice of action. Market 

failure typifies most of the world's fisheries due to 

certain inherent open access characteristics of the 

resource. 

While market failure is the characteristic of the 

fishery which first attracted the interest of 

economists, policy analysis has received the majority of 

the attention. The very name (market failure) seems to 

imply the search for a solution. That is, if something 

has failed, then there should be a way to correct it. 

Most economists working in the area of fisheries have 

spent their energies in one or sometimes both of the two 

areas just mentioned. Numerous, now classic fishery 
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economics studies have analyzed what market failure 

means in different fisheries (Gordon, 1954; Crutchfield 

and Zellner, 1962; Clark, 1976; Anderson, 1977; and 

Turvey, 1964). These and other studies then take up the 

question: if market failure leads to certain socially 

undesirable events, what should be done? Beddington 

and Rettig (1983), and Nunro (1982) examine some actual 

experiences with policies which were adopted to overcome 

the open access problem. 

Thus, two types of research exist throughout the 

history of fishery economics. One is descriptive 

(resource use in the presence of the open access 

phenomenon); the other is prescriptive (fisheries 

policy). Although the types of studies have not changed 

much since the mid-fifties, distinct but perhaps 

overlapping   traditions   are   identifiable. Two       such 

periods will be identified and distinguished, and 

some elements of a third will be proposed for future 

consideration. The primary distinction is the treatment 

of entrepreneurship in the models. The two classes 

will be called! Pigovian (PI) (1954-1965) and Expansive 

(EXP) (1965-Present). The dates are not meant to 

indicate strong lines of demarcation between the 

periods; they only loosely identify points of 

transition. The proposed third class will be called 

Post-Policy  (PP)   for  reasons discussed later. 
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Pioovians 

The early period in fisheries economics is typified 

by Gordon (1954), Scott (1955), Turvey and Wiseman 

(1957), and Crutchfield and Zellner (1963), and is 

identified by two characteristics of the research 

itself. First, the models which demonstrate the effects 

of market failure are quite simple, and perhaps due to 

this simplicity, are often elegant. There are no 

stochastic elements, uniformities exist in all 

variables, and entrepreneurship on the part of fishers 

only exists as a non-variable component of uniform 

fishing effort. A typical model of the PI tradition, 

one that does not take into consideration either the 

discount rate or stochastic considerations, will be 

found in any introductory fisheries economics text. One 

such model is reproduced here in Figure 6. The salient 

features of this model are that, due to the open access 

market failure, too much fishing effort will be 

observed (EOA), and all rent (total revenue - total 

costs) which could be attained from optimally employing 

the resource is dissipated in effort. The correct level 

of effort is shown to be at (EO) where rent is 

maximized. The policy prescription for fishery 

managers, although simple, is still the basis of nearly 

all  fisheries policy:     reduce fishing effort. 

The  earliest  papers,   including  the  first   (Gordon 
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Figure 6.  A Basic Bioeconomic Model, 
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1954)t compared and contrasted the open access case to 

the situation if there were a sole-owner of the fishery. 

A sole-owner was assumed to be able to operate the 

fishery as a private firm might employ any privately 

owned asset, that is, to employ the resource in its 

highest valued use. A primary concern of the early 

research was to show the economic justification for the 

government to regulate the fishery. In Gordon's words 

(1954): "An analysis of the bionomic equilibrium of the 

fishing industry may then be approached in terms of two 

problems. . . The second is to indicate the nature of a 

socially optimum manner of exploitation, which is, 

presumably, what governmental management policy aims to 

achieve or promote." 

By the early 1960*8 the sole owner (property 

rights) paradigm had been augmented with property rights 

equivalent fishing regulations. Scott (1962) for 

instance, compared limited entry, pigovian type 

taxes, and sole ownership as different means which might 

be used by fishery managers to achieve the same end, 

maximizing the rent which could be generated by the 

resource. By 1963, Crutchfield and Zellner had added 

time as a dimension to the then existing static 

equilibrium models. Their work demonstrated how the 

sole owner would maximize returns by maximizing the 

discounted stream of net benefits accruing to the 

fishery. 
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Developments by fishery economists during the PI 

period were three-fold. First, the equilibrium results 

(over fishing) of the open access market failure were 

demonstrated. Second, various forms of corrective 

action were proposed (Scott, 1962),and finally, there 

appeared to be a consensus that "regulation by 

governmentwill be required" (Crutchfield, 1961). There 

is a sense one gets while reading articles from this 

period that those involved felt a sense of great 

accomplishment and future promise. A problem had been 

neatly defined, its dimensions had been somewhat 

explored, and rudimentary alternative solution sets had 

been  proposed. 

The expansive period is characterized by an 

explosion of research agendas which sent economists down 

numerous  paths. Gordon was  not the first  to study or 

even notice that rents would be dissipated in the open 

access situation (Knight, 1924). Gordon's real 

contribution was to take the theoretical developments 

alreadyin existence in the literature and apply them to 

a real world situation with significant open access 

problems - the world's fisheries. In many respects 

Gordon's ultimate contribution was his use of a model. 
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the results of which were dependent on the biological 

characteristics of fish. Thus, he used his own term, 

"bionomics", to refer to his work. 

Biological Components 

One of the most important characteristics of the EXP 

periodin fisheries economics was the growth in both the 

variety and sophistication of the biological models 

which were being examined. Two aspects of fishery 

populations received the bulk of the attention. Most of 

theearliest fishery models were built around Schaefer's 

(1959) logistic growth curves, and these models remain 

standard fare for textbook introductions to fisheries 

economics. It was not long before others noticed that 

Schaefer curves, and their attendant biological 

assumptions, were probably not good models for all fish 

populations. More and varied biological models were 

needed. Bachmura (1971) and Clark (1976) studied the 

possibility of extinction of species, apossibility 

thought remote due to certain characteristics of the 

logistic growth curve. Clark (1976) examined numerous 

biological models thought to be representative of the 

varieties found in nature. Others studied migratory 

species, fish populations where different year-classes 

(cohorts) were harvested simultaneously, and others 

(Huppert, 1979) examined models where multiple species 
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were harvested by multi-purpose fleets. There was an 

expanding number of research efforts in this important 

area of biological modeling. 

Another biological aspect of the exploited fish 

populations also became a source of considerable 

attention. Most research, including studies being 

carried out today, is based on deterministic biological 

models. These are models devoid of any uncertainty with 

respect to the biological components of the models. 

Uncertainties abound in nature, however, and thus 

stochastic elements can confound decision makers who try 

to rely on deterministic models. In the late seventies, 

a significant research effort began to look at models 

with stochastic elements. Reed (1979) contrasted the 

policy prescriptions when optimality was first specified 

using a deterministic biological model, with those which 

resulted from using a stochastic model. Lewis (1981) 

and Charles (1983) have both recently built optimization 

models based on stochastic elements. Anderson and 

Sutinen (1984) have recently reviewed the literature 

with respect to fishery models employing stochastic 

elements. 

Economic Component 

In addition to the developments in the biological 
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components of fishery models there were also advances in 

more traditional economic areas. The pioneering work by 

Crutchfield and Zellner in dynamics (through the 

mathematical principles of variational calculus) were 

improved and expanded by Clark (1976) using the maximum 

principle. However, the first complete specification of 

the analytic solution to the dynamic elements in 

fisheries models was completed by Clark (1973), and 

later extended by Clark and Munro   (1975). 

Others became interested in the management process 

itself, in particular, the costs to society of managing 

open access resources. As was mentioned previously, 

the earliest fishery economists appear eel to feel a real 

sense of promise about what they were doing. At least 

early on it appeared that some well designed 

governmental policies would be able to drastically 

mitigate the open access problem. Apart from some minor 

concern with the cost to the public of managing 

fisheries (Crutchfield, 1961), the optimism remained 

high. However, Ronald Coase (1960), who was publishing 

outside the fishery economics literature, raised a 

theoretical point, which has had a lasting impact on the 

economist's optimism about the ability of, or even the 

need for, the government to correct the problem of open 

access. 

One contention of Coase put the very foundations of 

fishery   economics   into   doubt.      He   showed   that   the 
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existence and persistence of a market failure was not 

necessarily evidence of any inefficiency. Fishery 

economics on the other hand, was grounded in the idea 

that the existence of an open access market failure did 

in fact imply inefficiency. Coase argued that what was 

missing in economist's models (including those of 

fishery economists) was the recognition of transactions 

costs. For example, in fisheries, economists were 

saying that certain policies (regulations) needed to be 

adopted to make fisheries more efficient. Coase showed 

that the cost of designing, implementing, and enforcing 

the required controls must also be considered in any 

efficiency argument. In his own words: "From these 

considerations it follows that direct governmental 

regulation will not necessarily give better results than 

leaving the problem to be solved by the market or firm" 

(Coase, 1960). Thus, only if the cost of the controls 

was less than the increased return to the fisheries in 

their presence, could the imposition of regulations be 

considered   efficient. 

Since Coase, nonfishery economists have expanded on 

what is now known as the Coase Theorem (Buchannan and 

Stubblebine, 1962; Demsetz, 1964,1966,1967,1969; and 

Dahlman, 1979). In fisheries, economists have taken note 

of the impact of Coase's arguments (Anderson, 1977; and 

Pearse,  1979).    Nonetheless,  most current research by 
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fishery economists, especially those who are building 

optimization models of one type or another, typically 

abstract  from this   issue. 

Several phenomena affect the costs of designing and 

administering policy in fisheries (transactions costs). 

One of these is the entrepreneurial actions of fishers. 

Fishers tend to respond to regulations, often in 

unpredictable ways, and these actions always seem to 

require further policy formulation. This issue is 

treated   next. 

Entrepreneurial component 

This brings us to the final characteristic of the 

EXP period in fisheries economics, and the primary focus 

of this paper: the role of entrepreneurship. Some 

research into the impact of entrepreneurs, especially 

that of the fishers,  actually surfaces quite early. 

Turvey (1964) looked at the decision making process 

of net fishers. By varying their net size, they could 

affect the size and therefore quality and price their 

catch received (as size is often a primary determinant 

of quality in markets for fish). He showed that net 

size could affect the fish population, and thus, in the 

open access case, there might not only be too much 

effort, it might possibly be of the wrong type of 

effort,   that   is,   an   inefficient   type.     Thus,   choices 
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made by fishers are far more complex than the one 

dimensional variable (effort) considered up until his 

paper, and would need to be considered in fishery 

regulations. Gould (1972) also examined issues 

associated with the effort variable. Where Turvey had 

looked at an example of a two-dimensional problem (net 

size and effort), Gould studied the general case of a 

two input production function. Anticipating concerns 

which arose almost ten years later, Gould showed that 

regulators would have to consider every input of the 

fishers' production function in order to specify 

efficiency   conditions. 

In 1978, a symposium entitled Policies for Economic 

Rationalization of Commercial Fisheries was held, the 

proceedings of which were published in Pearse (1979). 

The primary purpose of that symposium was to examine 

policies, both theoretical and those that were then in 

practice, to deal with the open access problem in 

fisheries. A nearly unanimous conclusion of the 

participants in the symposium was that most fishery 

policies had failed. In other words, most of the 

capturable rent in fisheries was still being dissipated 

in effort. The open access problem had not been solved. 

It was argued that the failures were due primarily to 

the ability of fishers to devise responses to fishery 

policies   (regulations)   to  such a  degree  that  the  excess 
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effort the policies were designed to eliminate was 

relatively undiminished. In fact, an argument could be 

made that, at least in some fisheries, the policies 

which had been adopted had not only failed to reduce 

effort, they created distortions that led to further 

inefficiences (Meany, 1979). This conference and one 

held the year before (Rettig and Ginter, 1980), focused 

attention firmly on the interactive nature of fisheries 

policy. 

Since 1979, there have been attempts to model the 

interactive nature of decision making between the two 

sets of entrepreneurs involved: fisheries managers and 

fishers. Recently, economists have broken new ground in 

the attempt to specify the conditions under which 

fishery resources are optimally employed (Charles, 1983; 

Johnson and Libecap, 1982; and Meuriot and Gates, 1983). 

All three of the above studies treat, to varying 

degrees, the issue of how those being controlled by 

fishery regulations will react to those    regulations. 

Charles creates a stochastic optimization model in 

which both fleet investment and fish stock management 

are policy variables. Results indicate that wide 

fluctuations in fleet capacity would be required in both 

the short and long run. Charles (1983) then speculates 

briefly on whether "various "political" pressures 

leading to overutilization of this new capacity may be a 

real     danger"    during       periods    of       high     idle 
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capacity in "bad" years. Johnson and Libecap (1982) 

examine "the contracting problems that also must be 

overcome by either a governmental regulatory agency or 

by a firm, if sole ownership were a viable alternative." 

Johnson and Libecap (JL) conclude by speculating on the 

kinds of policies which are likely to be acceptable to 

fishers. 

All of these authors argue, either directly or 

indirectly, that policies which purport to be optimal 

must be concerned with the interaction between the 

policies and those who are affected by them. Meuriot 

and Gates (MG) examine the issue in a particular 

setting: treatment of foreign fleets in United States 

waters. MG are interested in the process by which the 

United States sets fishing fees for the total allowable 

level of foreign fishing (TALFF). They employ an 

algorithm (multi-level programming) that quantitatively 

estimates the impact on the fishery of the reaction by 

foreign fleets to attempts to raise the fees they must 

pay to fish. The MFCMA reserved all resources in the 

FCZ to domestic fisheries, and made only those resources 

not harvestable by domestic fishers available to foreign 

fleets. Almost immediately foreign fishing capital was 

transferred (by those who might be called 

institutional entrepreneurs) for purposes of the act 

anyway,   to  domestic   capital   through  the  creation  of 
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joint ventures. Joint ventures between U.S. fishers and 

foreign processors were considered by the MFCMA to be 

domestic operations, and thus did not have to pay fees 

or compete for the residual resources allocated to 

foreign fleets. Historically, an argument has been made 

that the fees actually charged are considerably below 

the willingness to pay for the TALFF (Crutchfield, 1983; 

and Vidaeus and Norton, 1977). Rather than simply 

estimate the maximum willingness to pay, as others have, 

MG create a model to mimic decisions likely to be made 

(disinvestment or joint venture formation) by foreign 

fleets as fees are raised. 

Finally, Rettig (1984) lists several cases where 

industry response frustrated policy in both minor and 

major ways. For instance, limited entry programs have 

been plagued at start-up with a ballooning of entrants 

trying to get in before limitations are imposed. Also, 

in limited entry programs, as the number of licenses is 

reduced, those remaining have purchased bigger boats or 

in other ways have made the remaining fleet, albeit 

smaller, better able to catch even more fish. In other 

cases, fishers moved out of one area due to time or area 

closures and descended on other fisheries which were 

already suffering from too much effort. 

It is fairly obvious that the interactive nature of 

industry participants and policy is an extremely 

important feature of regulated fisheries.    While MG have 
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made an important contribution in the area, they stopped 

just short of examining the truly dynamic 

characteristics of this interaction. For instance, MG's 

paper is a limited analysis of a more general question: 

what will foreign fleets do if a policy is adopted to 

raise the fees charged to fish in the United States FCZ? 

MG's linear programming approach allows the foreign 

fleets two alternatives: disinvestment and joint 

venture formation. Disinvestment and joint venture 

formation are two alternatives that these fleets might 

take, but why these two, and why only two? This last 

question and other related issues will occupy the 

remainder of this  paper. 

In summary, the EXP period in fishery economics was 

a period of explosive growth into the intricacies of 

biological, dynamic, and stochastic modeling. At the 

end of the period attention was firmly directed towards 

a path which requires research into what has been called 

in this paper,   the entrepreneurial   issue. 

Entrepreneurship 

Economists have been involved for years in designing 

policies to correct the perceived inefficiencies 

associated with open access. In the following sections 

of this paper,  it will be argued that these economists 
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in general, have not incorporated, or have not fully 

appreciated one aspect of fisheries: the dynamic 

characteristics of entrepreneurship. The primary 

arguments to be developed here are: 1) the failure of 

fishery economists to consider explicitly, or correctly 

consider, the role of entrepreneurship has incorrectly 

allowed them to assume that they could identify optimal 

resource allocation in a fishery, 2) if the 

efficient use of resources in the open access case is 

precluded by entrepreneurship, then the ability to 

specify optimal policies becomes problematic, and this 

leads to the conclusion that fishery management is 

itself an entrepreneurial act, and thus, has 

consequences for economists and fishery managers which 

will be explored below, and 3) understanding the 

economics of open access resource use requires the study 

of the role played by economists in those attempts. 

Most of these arguments will be illustrated by focusing 

on a particular example, the Columbia River salmon 

fishery. 

Fishery economics has always been based on the 

ability to contrast and compare the open access 

situation with the most efficient use of the fishery 

resource (the so-called optimal situation). The history 

of policy analysis in fisheries is based on the idea 

that the process involves the identification of some 

attainable optimal equilibrium state, and subsequently. 
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the delineation of the steps which can bring about that 

state (Demsetz, 1969; Dahlman, 1979). The fishery, it 

is assumed, would be efficiently operated by a sole 

owner if property rights could be established. This 

assumption is based on a basic tenet of neo-classical 

economics which, simplified, states that markets, fully 

developed property rights, and self interest are 

required to guarantee the efficient use of society's 

resources. This tenet, although debatable, is the basis 

for the identification of efficiency employed by fishery 

economists, and in this paper. 

The willingness of economists to specify policies 

for the regulation of fisheries is based on their 

perception that they can in fact identify and describe 

the optimal situation. Even recent attempts to 

incorporate entrepreneurship (MG) appear only to be 

interested in how policies must be altered in the face 

of entrepreneurship to reestablish optimality. Others 

take a different view of the role played by 

entrepreneurship in society. Kirzner (1973) looks to 

understand how individual decisions made by market 

participants lead interactively to further changes, a 

process devoid of equilibria and specifiable optima. 

Kirzner argues that economists must look more closely at 

the role of entrepreneurship and markets. This means, 

however, that neither economists nor fishery managers 
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can specify a priori the optimal situation, and this 

fact has consequences which are discussed below. 

The analysts who turn their attention to 

entrepreneurs will actually be studying forces which 

lead to disequilibrium, and not equilibrium as in the 

models reviewed earlier.Fishery managers, economists or 

otherwise, hoping to reproduce in practice, the 

efficiency conditions of the economist's theoretical 

models, are going to have to begin in earnest to study 

entrepreneurship, and its impact on the likelihood that 

they will be able to achieve their goals. 

For instance, foreign fleets confronted with 

increasing costs associated with higher fees might do 

what MG expect them to, but they might not. Some 

foreign or domestic entrepreneur may find some new 

approach, some as yet unanticipated alternative, much as 

the joint ventures to avoid fees were apparently 

unanticipated by policy makers. This requires policy 

makers and economists alike, when asking questions such 

as what will happen when fees are raised, to concern 

themselves with the people who ultimately will be 

responsible for the answer to that question, those 

affected by the policy:  entrepreneurs. 

Think of a modern fishery in the following manner. 

Fish are a resource which is managed by various 

governmental units. These management agencies are 

analogous, it will be argued here, to firms in the 
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private sector, especially when viewed as they are 

depicted in economist's models (as maximum sustainable 

rent maximizers). The public firms like the sole owner 

of the fishery in Gordon's model is expected to manage 

their resources to achieve certain goals. As a 

landlord might contract with a tenant farmer, the public 

managers contract with fishers who actually employ the 

firm's resources (fish). In both the private and the 

public cases, there are numerous problems in specifying 

contracts suitable to both parties (Murrell, 1983). 

Entrepreneurial skills are in fact equally exhibited by 

the resource owners (managers), and by their tenants 

(fishers) in both the process of contracting and in the 

actual employment of the resource, fishing. The 

primary difference between the two cases is that in the 

public case, the contracts with fishers are non 

exclusive. That is, the public firm contracts with 

numerous tenants who then competitively attempt to use 

the landlord's resources, where the resource may be 

taken to be the fish stock, or even the carrying 

capacity of the ocean (see Chapter II). The 

consequences of this difference between the public and 

private firms, and specifying the types of contracts 

which public firms should employ, represent to a large 

degree what is known as fishery economics. 

Economists in this scenario have played and continue 
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to play an extremely complex and integral role. As will 

be seen in the next section, economists have acted as 

both scientists and as agents for the public firms. In 

their role as scientists, economists have contributed 

greatly to the understanding of the relationship between 

resource use and the strength of property rights. 

Gordon's 1954 study is a classic piece of scientific 

insight with broad applicability. As agents for the 

public firms, economists have created an entrepreneurial 

role for themselves. They now decide, or at least 

contribute directly to decisions about the way in 

which the resources of the public firm are utilized. 

Armed with their understanding of the role of property 

rights, some economists have taken it upon themselves to 

attempt to affect the way in which fisheries are 

managed. 

What has been just argued is that fishery managers, 

economists, and economist's models play entrepreneurial 

roles. The entrepreneurial label, however, is not often 

used to identify the actions of public bodies, including 

those that manage resources such as fisheries. 

Entrepreneurship is usually thought of as a 

characteristic associated with individuals or private 

firms in markets. However, as Kirzner (1973) pointsout, 

entrepreneurship is: "responsible forour understanding 

of human action as active, creative, and human rather 

than as passive, automatic, and mechanical." Economists 
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have assumed that optimal positions can be identified 

through certain "mechanical means" apart from any active 

or creative human action, and thus, policy analysis does 

not really require any entrepreneurial skills. The 

entrepreneurial actions of fishers, however, means that 

the stable equilibrium identified with economic optima 

of the economist's models do not exist. This then, 

means that fishery managers who attempt to optimize are 

in exactly the same position as landlords trying through 

entrepreneurial skills to maximize the returns to the 

land which they own. In other words, the 

entrepreneurship exhibited by fishers only points out 

the truly entrepreneurial nature of fisheries 

management itself. 

The abilities of economists and fishery managers as 

entrepreneurs may be suspect, and are discussed later. 

The impact of economists and their models is also 

interesting as a scientific fact and will be further 

explored in the section of this paper entitled post- 

policy. 

Adoption of this new approach requires one other 

change as well, one not yet explored in the literature. 

The study of entrepreneurship is based fundamentally on 

a notion of change. No matter how much is learned about 

the behavioral aspects of decision making, there will 

always   be   unanticipated   results.      Some   entrepreneur 
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somewhere, can be expected to discover an opportunity 

and will take actions fishery managers will not 

anticipate,  and may not agree with. 

This last point is extremely important and needs 

further clarification. MG discuss and model 

entrepreneurship as if it were something that fishers 

possess, and sometimes utilize in ways which thwart the 

attainment of the optimal state specified in economist's 

models. This idea of the role played by fishers and 

other entrepreneurs in the fishery (aquaculturists, for 

example) often seems to be the view of fishery 

managers and economists studying policy. Something like 

the following seems typical of these thoughts. Out 

there is the optimal state, and with the right policy 

that state can be brought into being. However, there 

are those people, who, by operating in what they view to 

be in their own best interest, often keep the situation 

sub-optimal. This single dimensional understanding of 

the role played by entrepreneurial fishers is wrong, and 

will be further examined through the example of the 

Columbia river fisheries discussed later. 

In the next two sections of this paper, the general 

ideas about entrepreneurship outlined above will be 

examined in detail. In the first of those sections, the 

development of the fisheries on the Columbia river of 

Oregon and Washington will be examined. The history 

will  be  reviewed in order  to get a better  understanding 
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of the role played by entrepreneurship in the open 

access case, and of the impact on the economist's policy 

recommendations when entrepreneurship is fully 

integrated into economic models. The second of these 

two sections is actually a look inward. It is an 

examination of economists themselves. A prime 

contention of this paper is that the role played by 

economists in fisheries is itself entrepreneurial. This 

means that economists, sometimes directly, have 

influenced the manner in which society employs resources 

in the open access case. However, economists were first 

drawn to fisheries by the question: how are resources 

employed in the open access case? The study of this 

question is now complicated by the scientist (economist) 

affecting the subject matter which is being studied. 

This is a classic problem in the philosophy of science, 

and is the topic of the section entitled post-policy 

later  in this paper. 

Columbia River Fisheries 

In order to examine one of the most important cases 

of entrepreneurship associated with the Columbia River 

salmon fishery it is necessary to go back into history. 

Imagine a fishery under the pressures identified in the 

typical open access bioeconomic model. That is, there 
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exists a virtual open access situation, with more than 

3,000 licensed fishers (Smith, 1921). The costs of 

fishing relative to the value of the catch are quite 

low, and therefore, there is intense fishing effort on 

the fish stock. This was the state of the Columbia 

River salmon fishery near the turn of the century. In 

fact, by 1910, it was argued, "The salmon fishery of 

that stream (Columbia River) was depleted to the point 

where the end was in sight" (Darwin, 1920). 

What happened after 1910 is quite instructive. In 

1912 it was discovered that salmon could be taken by 

trolling (Cobb, 1917). By 1915, 500 boats off the mouth 

of the Columbia River were involved in this fishery 

(Cobb, 1917), and by 1919 it was estimated that more 

than 2,000 boats were involved in trolling (Smith and 

Kincaid, 1920). On the surface, the emergence of this 

new fishery, targeting an already decimated stock, would 

appear to be a disaster. This was at least the opinion 

of the Washington State Fish Commissioner. In 1920, in 

reference to the troll fleet, he argued: "The greed for 

fish is making cradle robbers of many of our fishermen. 

It is the duty of the state to put an end to it" 

(Darwin, 1920). 

Entrepreneurship and Bioeconomic Models 

The Washington Fish Commissioner wasmaking an 
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argument, also the basis for fishery management 

regulations decades later, but based on bioeconomic 

models. "(Df open access allows too much effort (or 

fishermen, or vessels, etc.), then simply limit these 

factors by taxing, or by quotas, etc." (Wilen, 1979). A 

strict, or straight-forward interpretation of the basic 

bioeconomic model (one which includes no understanding 

of entrepreneurship) suggests such a prescription. 

Further, as a predictor of actual events in fisheries, 

the basic model is equally weak. There would seem to be 

no basis in the basic fisheries model to anticipate or 

forecast examples of entrepreneurship, the emergence of 

the troll fleet itself, for instance. 

Therefore, the first step in understanding the role 

of entrepreneurship in fisheries is to enlarge, or 

stretch the basic bioeconomic model in new directions by 

adding the entrepreneurial component or element. This 

process begins, as MG and JL have shown, by examining 

the impact of changes which have already occurred (MG), 

or can be anticipated to occur (JL). 

A traditional examination of the emerging Columbia 

River troll fleet employing the basic bioeconomic model 

would lead to the conclusion that its emergence is a bad 

idea, as it would appear to be the simple addition of 

fishing effort to an already depleted fishery. The facts 

of the matter may be exactly the opposite.  On the 
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Columbia at least, many if not most important 

developments, of which trolling is a good example, have 

been associated with entirely new gear types. The 

emergence of the troll fleet for instance, is not only 

equivalent to the simple addition of new fishing effort, 

as it would be treated in the basic bioeconomic model, 

but the emergence of a new technology, and in later 

years, a new product (fresh salmon). 

MfidfilillS. In order to assess the economic 

consequences of the emergence of this new fleet, the 

fleet would need to be incorporated into an extremely 

complex bioeconomic model of the Columbia River salmon 

fishery. Since Gordon, this has meant estimating the 

biological characteristics and status of the fish stock, 

markets for and the prices paid for the catch, and costs 

associated with the technology employed by the fishers. 

With these data, models can be constructed, and the 

optimum level of fishing effort can, at least 

theoretically, be specified. 

This would require at least two independent models 

(one for the troll fleet-where its existence is assumed, 

and not generated by the model-and one for the in-river 

fleets), and perhaps a third where both fleets harvest 

part of the stock. With these models in hand the 

economist could then decide which fleet or combination 

of fleets would maximize the returns to the resource. 

It seems possible that the troll fleet would be  an 
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efficient means to harvest at least some of the fish. 

Thus, the first impact of incorporating entrepreneurship 

into fishery models is to reject the simplistic notion 

that entrepreneurship can only lead to increasing 

effort, and is therefore, undesirable. In the simpler 

models it can only be seen as leading to yet higher 

levels of effort, which has always been identified as 

the original problem with open access. This means that 

the policies following from the application of simple 

bioeconomic models are likely to lead to policies which 

preclude the emergence of resource uses whose 

consequences may have desirable results even under 

efficiency  criteria   (see Chapter  2). 

Modeling such a change, however, requires that a 

complete set of biological and economic statistics be 

gathered for all participants, and also, important 

interactions between the respective fleets and the fish 

stock be detailed. From all this, it is fairly evident 

that entrepreneurship, at a minimum, adds considerable 

difficulty to the task of identifying the appropriate 

policy. 

Optimality However, even after all of the above is 

carried out, it is not enough. So far, only the means 

to specify the optimum use of the resource assuming the 

status quo (that is, incorporating what might be 

considered   common   knowledge),    have   been   discussed. 
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Those employing these models to regulate fisheries must 

also be able to anticipate and evaluate the economic 

consequences of future developments. For instance, the 

Columbia River troll fleet, at its inception, delivered 

fish which were small and low in oil to the docks. The 

fish were canned, but due to the low oil content, were 

not very desirable as a canned product. The actual 

reason that the Washington Fish Commissioner gave to 

stop the fishery was that it had been shown that the 

Columbia River salmon fishery suffered an economic loss 

at the hands of the trollers (Smith, 1921). Soon after 

this however, with the advent of icing the catch at sea, 

and with the growing fresh fish market, the troll fleet 

quickly emerged as a segment of the Columbia River 

fishery known for delivering the highest valued product. 

In other words, what began as an arguably inefficient 

segment of the fishery, quickly changed into a segment 

which would be a part of an efficiently operating 

fishery. Banning trolling at its inception might have 

been an inefficient act, at least by criteria discussed 

next. 

This last point is fundamental and needs further 

clarification. Bioeconomic models have always been 

employed to show how open access leads to the 

inefficient use of resources, in the sense that a 

society could generate a larger product by a different 

allocation of those  resources.     Both the  open  access 
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result and the optimum situation identifiable with the 

aid of these models are assumed to be equilibrium 

positions under two different sets of institutional 

arrangements. That is, once established, decision 

makers are assumed to have no incentive to move away 

from these positions. However, this treats decision 

makers as passive reactors to conditions, not true 

entrepreneurs. What has been shown above is that the 

existence of entrepreneurs among the fishers has two 

effects. First, entrepreneurship in the open access 

case, just as in any industry, can lead to different 

ways to produce a product, or production of different 

products altogether. Entrepreneurship by the fishers is 

clearly not identifiable solely as an impediment to the 

establishment of a stable economic optimum through 

regulations. Almost by definition, stability in a 

fishery is inefficient. Policies which attempt to 

stifle entrepreneurship by fishers are likely to lead to 

inefficiencies. Second, entrepreneurship is a dynamic 

process and precludes the identification of equilibrium 

positions. Any position identifiable on economic grounds 

as an optimum can at best be seen as a moving target. 

That is, it becomes impossible to identify the optimum 

situation because no one currently, perhaps not even the 

person who will effect the change, can anticipate where 

the next change, which will alter the optimum, will come 
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from, or what further changes it will set in motion. 

Entrepreneurship and Policy 

What, then does this suggest about the economist's 

ability to specify policies which will lead to 

efficiency in the fishery?  The original bioeconomic 

models were based, as has been said, on the study of 

equilibrium positions.  The specification of an optimal 

policy was seen to be, although perhaps difficult, a 

deterministic problem.  Once all the data were 

collected, the optimal position could be determined much 

as one would solve a problem in calculus. This is even 

the basic position of MG. This deterministic view of 

the process of managing fisheries, even while sometimes 

cognizant of entrepreneurship, does not fully appreciate 

its true impact, for it eliminates from consideration 

the entrepreneurial role which is necessarily played by 

those who are designing policies.  In the deterministic 

case, the only real needs are the data, a model, and a 

computer. The point being made in this paper however, is 

that the above understanding is simply wrong.  As 

Kirzner argues: 

The problem is a purely logical 
or mathematical one; its solution is 
implicit in the assumptions that identify 
it. And it is this identification of 
the problem which. . . renders the entire 
approach almost wholly unhelpful 
(Kirzner, 1973)." 
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In a nutshell, the inability to identify the optimal 

situation means that the specification of policies in 

fishery management is similar to the management of any 

resource by any firm: it is an entrepreneurial act; 

entrepreneurship is ubiquitous. The economist who, 

through policy suggestions, attempts to affect the way 

in which resources are employed (the management 

objective) is undertaking the classical role of an 

entrepreneur. The economist can be seen as the manager 

of the firm (the fishery), which happens to be "owned" 

by the public. No individual, or even group of 

individuals, can be assumed to be able to specify the 

optimal policy. 

If, in fact, the economist does have the ability to 

identify the optimal use of resources, then it must also 

be argued that this economist, acting as an 

entrepreneur, is not just one entrepreneur (like one 

wheat farmer chosen at random from all wheat farmers), 

but this particular economist must then be one among the 

set of all entrepreneurs who is making decisions which 

are not just correct now but always correct on an hour 

by hour, day by day basis. 

This means the economist policy advisor, in order to 

be able to specify the optimal policy, must replace all 

of the tasks which are carried out in a market: 

information generation and exchange,  source of market 
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and technological innovation and change, identification 

of sources of risk, the measurement, and management 

response to risk, and a host of other important market 

functions. However, no member (entrepreneur) in any 

other market is ever assumed to possess this kind of 

knowledge or ability, and there is no reason to suspect 

that economists will fare any better than their 

counterparts  elsewhere. 

Finally, and perhaps most interesting of all, 

because the economist is offering policy advice (i.e. is 

suggesting how institutions should be structured), the 

burden falling on the economist is even heavier than is 

at first realized. Not only must the managers of the 

publicly owned fishery act as the analog to the perfect 

wheat farmer, they must also specify institutional 

arrangements under which the business is to be carried 

out. This would be akin to the wheat farmer, not only 

having to to be a perfect wheat farmer but also having 

to specify many of the institutional arrangements under 

which wheat is grown and marketed prior  to consumption. 

Less than this level of perfection means that the 

economist's policy suggestions, as entrepreneurs in 

general have always been aware, are likely to be 

incorrect, and perhaps disastrously so. In other words, 

one of the characteristics of entrepreneurship is the 

fact that not all entrepreneurial acts are successful. 

Markets   may   be   efficient   processes,    but   not   all 
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individual entrepreneurial actions which make up a 

market are themselves efficient. This means that if it 

really is possible to specify the optimum policy, then 

the existence of markets, or at least the need for 

markets becomes problematic. That is, if optimal use 

can be specified without the existence of markets and 

without the entrepreneurs associated with those markets, 

what is it that markets contribute? 

Thus, the recognition of entrepreneurship has 

extremely important impacts on the characteristics of 

bioeconomic models, and on the manner in which those 

models are employed. The ability to specify policies 

which will lead to the efficient use of resources can 

not be thought of as some analytical procedure with a 

deterministic solution. Rather, the management of 

fisheries, in this respect, is not fundamentally 

different from the management of any business. This 

means that fisheries management is likely to be fraught 

with mistakes, misjudgments, and potentially at least, 

considerable inefficiency, even at the best of times. 

It also means that perhaps attention should be paid 

to the entrepreneurs themselves, out of a scientific 

curiosity as discussed in the next section of this 

paper, and because entrepreneurial success may be 

affected by who actually manages the resources in 

question.  Earlier it was argued that neoclassical 
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economics is based on a tenet that markets lead to the 

efficient use of resources when entrepreneurs withfully 

developed property rights act in their own self 

interest. It would only be a supposition that 

economists, even when fully cognizant of their 

entrepreneurial role in fisheries management, can in 

fact reproduce what true entrepreneurs with fully 

developed property rights would likely bring about. It 

might be assumed for instance that market efficiency 

really depends upon a direct connection between decision 

making and the associated rewards and losses. In this 

view, decision makers who are insulated from the impacts 

of their decisions are less likely to be efficient, or 

to make efficient choices or decisions (are less likely 

to make good entrepreneurs). Academic economists and 

state and local government employees are not likely to 

be directly rewarded or penalized if their policies 

fail, and therefore, may not be the ones who ought to be 

making decisions with respect to fisheries. 

Consideration of these types of issues in the future 

would seem to be of considerable value. 

The Future 

Along these lines, another and more recent example 

of entrepreneurship (private aquaculture) affectingthe 

Columbia River salmon fishery can be used to tie all the 
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thoughts of this section together. By a number of 

criteria (fishers' incomes, status of fish populations, 

processor profits, political calm, or reduction of 

management costs), the management of fisheries by public 

bodies has not recently been a rousing success except in 

isolated instances. Any number of factors can be cited 

for the failures mentioned above: weather patterns, 

recessions, and exchange rate shifts, just to name a 

few. It has been argued here that to this list might be 

added the entrepreneurial nature of fisheries 

management. 

Even in the face of all this bad news, another group 

of entrepreneurs has recently emerged in salmon 

fisheries: aquaculturists. A couple of points about 

aquaculture relate to the primary discussion undertaken 

in this section. First, aquaculture is full of 

surprises. Events in the development of salmon 

aquaculture on the West Coast of the United States 

appear to have been generally unpredictable. Anyone 

focusing exclusively on the fisheries, and those 

historically involved in fisheries, would likely be 

surprised to see a soup company (Campbell's Soup) and a 

timber company (Weyerhaeuser) emerging as prime players 

in salmon aquaculture. Second, the history of 

management responses to entrepreneurship discussed 

earlier would  lead to certain hypotheses about negative 
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management reactions to the emerging aquaculture 

industry, which in fact, appear to have been verified in 

practice. Of the four Pacific states (Alaska, 

Washington, Oregon, and California), only one, Oregon, 

has allowed the development of private, for profit 

salmon aquaculture,and then only under very restrictive 

conditions. Salmon aquaculture outside of state and 

governmental bodies has not been endorsed by fishery 

regulators. 

Finally, in the best entrepreneurial tradition, it 

is interesting to speculate as to the ultimate role of 

aquaculture in salmon fisheries. Just as the troll 

fleet emerged through entrepreneurship in 1912, 

aquaculture seems based on an entrepreneurial 

speculation. Perhaps this time it is that there is 

another way to restore efficiency to the production of 

salmon. As others have argued (JL) there seems to be 

only one way to achieve the anticipated benefits of a 

sole owner in a fishery. No matter how cleverly 

designed, policies to regulate fisheries do not seem to 

be able to reproduce the sole owner results. It may be 

possible that aquaculture is the beginning of a long and 

probably difficult process to establish property rights 

in the salmon fishery. If this is the case, it can be 

hypothesized that aquaculture may emerge as the primary 

means by which this society manages its salmon 

resources,   because  these private  entrepreneurs  may  turn 
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out to be the most  efficient. 

SQSl ZQhiei 

This section takes a further look at a final element 

of entrepreneurship: how the activities of economists in 

the area of policy necessarily affect the research of 

other   economists. 

In a previous section of this paper, fisheries were 

depicted as a business enterprise which is composed of a 

set of resources, a resource owner, and a set of 

contracts with those who employ the firm's resources 

(fishers). As recently pointed out (Healy, 1984), 

resource owners have multiple and often conflicting 

desires (biological, economic, and other social goals). 

In order to meet these goals, resource managers, like 

managers of firms everywhere, have attempted to improve 

their entrepreneurial abilities by learning from the 

experts in their fields. A primary contribution has 

come from fishery economics where certain actions are 

espoused to deal with the problem of open access. The 

impact of fishery economics on the management of 

resources complicates a number of issues and is 

discussed  below. 

In economics, there is a notion that the research 

activities of economists can be divided,  although not 



94 

entirely satisfactorily, into two divisions. On one 

side is the study of economics which is known as 

"positive". Positive economics is commonly understood 

to imply the notion of a rational and systematic study 

of a subject. The purpose of this type of research is 

to come to an understanding about, or come to know, the 

subject as it is. In contrast, normative economists 

will approach the same subject matter, but the purpose 

is no longer simply to understand, but to specify for 

the situation  in question,   what ought to be the case. 

It is possible to relate these two distinct research 

formats to the study of fisheries. First, the research 

area associated with positive economics would be 

associated with questions such as: what are the 

characteristics of resource use when property rights are 

weakly defined (open access)? Normative economics would 

be associated with research which would have as its 

ultimate goal specifying how resources should be 

employed when property rights are weakly defined. It is 

quite clear that economists have, in the past anyway, 

devoted considerable effort to each of these types of 

research. What seems not to have been appreciated to 

any great degree is one of several fundamental 

relationships between these normative and positive 

research   approaches. 

Economists have studied, designed, and been actively 

employed  in  the  normative   role   (in  this   study,   also 
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identified with the entrepreneurial role) of specifying 

how resource owners should manage fisheries. Economists 

and their theories are now an integral element of 

resource use when property rights are weakly defined. 

But this presents a problem, or at least a complication, 

if what you realy want to do is simply to understand how 

resources are employed in the open access  case. 

Earlier, it was pointed out that the study of 

entrepreneurship is a relatively new and important area 

of research for economists. At that point however, the 

majority of the attention was directed towards 

understanding how entrepreneurship affects the policy 

aspects of the economist's work. Another area of 

research with respect to entrepreneurship is also 

required. This additional research area will not have 

as its goal anything to do with specifying the optimal 

use of any resource, or discovering the techniques to 

achieve the optimal  use of those resources. 

What is needed is to continue research along one of 

the lines originated in fisheries by Gordon. The 

original question is still relevant, and not fully 

researched: how are resources likely to be utilized in 

the absence of strong property rights? Gordon's 

original paper, although insightful, has, due to 

historical events, become incomplete. At a minimum, 

societies   tend   to   attempt   to   mitigate   against   the 
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perceived negative consequences of open access (fishery 

management is a good example). These actions, some of 

which have been introduced by economists, have not 

themselves become the targets of much research, and 

should. For instance, as Coase has shown, transactions 

costs (efforts to manage fisheries) are really on an 

equal theoretical footing with all other costs and 

benefits in the open access case. This means that if 

you wish to understand how resources are used when 

property rights are weakly defined, then understanding 

the entrepreneurial role of fishery managers is as 

important as the behavioral characteristics of fishers. 

As attention is turned towards these fishery 

managers, it is noticed that one of their prime goals is 

the maximization of net social benefits, a goal 

originating with fishery economists. The current 

situation in economics is akin to a missionary- 

anthropologist attempting to study the religious 

characteristics of a primitive people while attempting 

to convert the subjects of the study to the religion of 

the missionary-anthropologist. It becomes difficult to 

decide what is being studied, and what, if anything, is 

being learned. Economists are now in exactly this 

situation. This fact must be recognized and dealt with. 

Further, in the light of Cease's ideas, is it possible 

that those who propose particular fishery policies, and 

are rewarded in one way or another for their activity, 
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may not be interested in knowing the costs to society of 

their attempts to manage those open access resources? 

It would be interesting to know for instance if the 

advice of economists is worth its costs. 

In order to answer these sorts of questions, what is 

really needed is something of a meta- science. Those 

economists who are only concerned with how societies, or 

even more basically, how resources are employed in 

societies when property rights are weakly defined, will 

necessarily find themselves generating and testing 

hypotheses about those who affect resource usage, and in 

fisheries, this must include the role of economics and 

economists. In other words, some economists need to 

turn their attention to the study of theircolleagues. 

To carry the analogy of the missionary-anthropologist 

one step further, a primitive society with a missionary- 

anthropologist in residence, is no longer really a 

suitable subject for the study of the religious 

practices of primitive societies. What can be studied, 

and perhaps the only thing which can be studied, by some 

other anthropologist, (the meta-scientist), might be 

such things as: what is the manner in which foreign 

religious practices are integrated into, or are 

rejected by a primitive society? The chance to actually 

study religious practices in a primitive society was 

lost when the missionary-anthropologist entered the 
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primitive society. In the same manner, research about 

resource use based on primitive models (those which 

abstract from fishery management processes) are not 

really possible, or if undertaken, will be badly biased. 

What is needed are research efforts into the manner in 

which societies deal with resource usage in open access 

cases; including studies which examine the roles of the 

various participants: fishers, fishery managers, 

aquaculturists, and economists. 

Summary 

Fishery economics has been historically the study of 

two important and related questions: how are resources 

employed in the open access case, and how should open 

access resources be employed? The research in this 

paper has critically evaluated economists' activities in 

both of these areas. The primary results of this 

research include two substantive propositions. First, 

the ability of economists to identify the optimal use of 

open access resources is shown to be illusory. This 

immediately leads to the conclusion that it is not 

possible to specify policies for fishery regulators by 

which they can optimally manage the fishery resource. 

Second, the activity of economists, and the employment 

of their theories, models, and speculations in fisheries 

management has importantly impacted the manner in which 
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open access resources are utilized. Thus, any 

explanation of the way in which open access resources 

are employed also requires the study of economists and 

their   impact on fishery management. 

The history of fishery economics is one of change, 

but change surrounding an unaffected core of 

assumptions. The primary assumption of this central core 

is that resources will be employed inefficiently in the 

open access case, and conversely, efficiently if strong 

property rights can be enacted for those resources. A 

secondary assumption of this core is that society can 

achieve the benefits of the property rights (sole owner) 

case through the practice of property rights equivalent 

fisheries   management. 

Over the years, numerous challenges have been 

mounted to the assumption that the optimal state can in 

fact be specified through the bioeconomic models 

employed by economists. These challenges have been 

associated with considerable research and numerous 

developments which have led to the incorporation of 

stochastic variation, transactions costs, and time in 

bioeconomic models. The response to these challenges has 

historically followed a similar pattern. In each case, 

through research, it has been shown that a solution to 

each problem can be identified and once incorporated 

into the appropriate model,   the optimal   solution can 
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once again be determined. 

For instance, it is argued that the ability to 

specify the optimal use of a particular species requires 

a very specific biological model. Most early work was 

based on Schaefer curves, but the biological assumptions 

associated with those curves are simply not appropriate 

for all the varied species which might need to be 

managed. Without appropriate biological models, the 

ability to identify the optimal conditions is in doubt. 

Consequently, there has been considerable research which 

has led to the identification of a host of biological 

models which can now be used for virtually any species 

likely to be encountered. This means that once the 

appropriate biological model is identified, the optimal 

state is again assumed to be identifiable, the challenge 

met, and fishery management can proceed apace. 

Recently, similar attempts to incorporate 

entrepreneurship into bioeconomic models have been 

made. However, what has been argued in this paper is 

that entrepreneurship is unlike most of the other issues 

fishery economists have faced. Entrepreneurship is not 

some as yet unknown component of fisheries which through 

research can be incorporated into the appropriate model. 

Entrepreneurship is a dynamic and integral 

characteristic of resource use which is required of both 

fishers and fishery managers (whether public or private) 

for the efficient utilization of fishery resources.  The 



101 

recent attempts by economists to incorporate 

entrepreneurhsip in the same manner as they have 

incorporated time and stochastic disturbances, are 

shown to be, although necessary, not sufficient to 

identify the optimal use of open access resources. 

Optimality, due to the continuing actions of 

entrepreneurs, is the result of a process characterized 

by market interactions. It is not something which can 

be determined a priori. 

Finally, this paper anticipates future research in a 

number of areas. First, future research directed at 

economists will be required to simply better understand 

the open access situation. It seems obvious that 

societies tend to attempt to mitigate against open 

access. At least in the United States, economists are 

an important component of those mitigation efforts and 

are worthy of study. Second, fisheries management in 

the hands of public bodies is likely to remain a fact in 

the United States in the forseeable future. Given the 

importance of entrepreneurship, it would be appropriate 

to study how it could not only be incorporated into the 

plans of fishery managers (as in MG), but perhaps 

actually encouraged at all levels, from fishers to 

fishery managers themselves. Finally, fisheries 

economics has been based on an assumption that fishery 

managers  can  reproduce the  results of the sole owner 
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case. If efficiency however requires the kinds of 

entrepreneurship found only in free markets with strong 

property rights, then it would be appropriate to examine 

the means by which property rights can be strengthened 

in fisheries. Aquaculture would seem to be a good place 

to begin. 
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Implementation Of The Estimator 

Bowen (1979) constructed a computer program 

implementing the HHB procedure. Bowen's implementation 

involves a nonlinear iterative procedure which proceeds 

as follows; 

Step 1) Develop initial estimates of B and sigma- 

squaredby regressing each law independently on the data 

using ordinary least squares. 

Step 2) Given the prior estimate of B and sigma- 

squared, revise the estimate by application of the 

formulas derived from the maximum likelihood procedure. 

Step 3) Test for convergence of the B and sigma- 

squared estimates. If convergence is not obtained, go 

to Step 2),  otherwise go to Step 4). 

Step 4) Test to see whether any of the laws can be 

eliminated by: 

a) seeing if any laws fail to contribute to 

the explanation of the output level (i.e., eliminate 

those laws which are never the minimum on any 

obseravtion); 

b) seeing if any laws fail to contribute 

significantly (this is done by removing the law which 

explains the least number of observations, reapplying 

Steps 2) and 3), and then seeing if the results are 

statistically different through the use of the maximum 

likelihood ratio test); 
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c)  seeing if any of the laws variances become 

so small they cannot be estimated. 

Step 5) If any laws have been elminated, go to Step 

2), otherwise terminate. 

Example 

The procedure is probably best understood via an 

example (again motivated by HHB and Bowen, 1979). 

Consider an example in which cars are being assembled. 

Our simplified car consists of two parts - body and 

wheels. Assuming that each car takes one body and four 

wheels, the number of cars (C) that can be manufactured 

is the minimum of the number of bodies (B) and one- 

fourth the number of wheels (W). Thus, 

C = Min    1/4 W 

We may construct an example using this process. 

Assuming a normally distributed error term for the laws 

which has mean zero and standard error .10; forty 

observation were generated for the number of cars 

manufactured. For expository purposes, a third and 

fourth "law" were entered, respectively, as the 

observation number (i.e., 1-40) and a random number. 

These extra laws, hopefully, wll not enter the 
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statistically estimated model, as they have nothing to 

do with the number of cars manufactured. Table A-l then 

gives the results from the application of the law of the 

minimum procedure to the generated data. The body and 

wheel functions possess intercepts and slopes which are 

essentially equal to those from which the data were 

generated and all unnecessary factors were eliminated. 

The results indicate the ability of the law of the 

minimum procedure to identify true relationships, 

estimate coefficients accurately, and perhaps most 

importantly, identify and discard spurious explanatory 

relationships. Similarly, the standard deviations are 

essentially equal to the figures (.10) used in data 

generation. 



Table 3. Law o f the Minimum Results. 

Bodies Wheels Order Random Log of 
Inter- Likeli- 
ation B0 Bl 0 B0 Bl o B0 Bl 0 B0 Bl 0 hood 

0 2.450 .562 8.30 2.808 .141 9.00 18.102 -.116 11.00 15.494 .011 11.06 __ 
1 1.885 1.579 5.57 1.039 .470 6.11 61.357 -.309 9.18 15.494 .011 10.28 -135 
2 .289 1.118 3.27 .404 .282 3.56 61.357 -.309 7.66 22.217 -.035 9.55 -104 
3 -.099 1.046 1.90 -.223 .265 2.05 61.357 -.309 6.99 33.309 -.085 6.12 - 69 
4 -.050 1.009 1.09 -.112 .263 1.15 61.357 -.309 4.82 43.959 -.226 4.09 - 48 
5 -.014 1.003 .62 -.062 .251 .65 80.478 -.823 3.32 56.278 -.500 2.82 - 48 
6 -.002 1.000 .35 -.022 .250 .36 80.478 -.823 2.29 52.656 -.368 1.95 - 19 
7 .004 1.000 .20 -.014 .250 .21 80.478 -.823 1.58 52.656 -.368 1.34 3 
8 .009 1.000 .13 -.010 .250 .13 80.478 -.823 1.09 52.656 -.368 .93 21 
9 .011 1.000 .11 -.011 .250 .09 80.478 -.823 .75 52.656 -.368 .64 33 

10 .012 1.000 .11 -.012 .250 .09 80.478 -.823 .52 52.656 -.368 .44 35 
11 .013 1.000 .11 -.012 .250 .09 80.478 -.823 .36 52.656 -.368 .30 35 
12 .013 .999 .11 -.012 .250 .09             35 
13 .013 .999 .11 -.012 .250 .09             35 
14       .007 .250 .10             -293 
15       .007 .250 .10             -293 

Notes on Table: 

Iteration zero is the initial starting solution derived by independent OLS regressions of each law on the dependent variable. 

Iterations 1-10, 12 and 14 are aimed toward refinement of the estimate and attaining convergence. 

Iteration 11 results satisfy covergence criterion, rules 3 and 4 eliminated as they explain no observations. 

Iteration 13 results satisfy convergence criterion, rule 1 is identified as rule which explains least number of observations and 
is eliminated on a trial basis. 

M 
At iteration 15, rule 1 is tested and shown to contribute significantly.  Thus, the final solution is that at iteration 13. ^ 


