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ABSTRACT

The exploitation of a common property resource, specifically a fishery, by nationals of two countries is
discussed using a simple general equilibrium analysis. The interdependence of their production
possibility curves is used to describe the open·access equilibrium yield, local maximum economic
yields, and a true international maximum economic yield. Finally a complete description of the
conditions necessary for this international maximum economic yield and why they are different from
those in a national fishery is presented.

The purpose of this paper is to analyse, using a
simple general equilibrium model, the problem of
the allocation of resources where common prop
erty or open access exists for some of them. The
common property or open-access resource will be a
fish stock. The economics of fisheries 'has been
quite extensively developed. See for example Gor
don (1954), Scott (1955), Crutchfield and Zellner
(1962), Turvey (1964), Crutchfield (1965), Christy
and Scott (1965), Smith (1969), Copes (1970), Scott
and Southey (1970), Gould (1972), Southey (1972),
and Anderson (1973). The present paper follows
Scott and Southey and uses a production possibil
ity (PP) curve model which takes into direct ac
count all the resources ofthe economy and not just
the fishery. This change in focus is especially use
ful for analysing economic aspects of international
use of common property resources, a problem that
has long been recognized but which has received
very little treatment to date. The following quote
from Christy and Scott (1965:223) summarizes the
problem fairly well:

"Two countries contemplating the same fishery may rightly
make different choices about the intensity and combination of
fishing activities .... These different valuations are ulti·
mately the result of the obstacles to the movement of factors
from one economy to another. More directly, they result from
differences in population, national income, and tastes. It is a
commonplace of the theory ofcomparative costs that the same
industry may use a different technique in each country, de·
pending on the structure ofwages and prices in each place. But
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it has never, to our knowledge, been pointed out that the ocean
is the main locale where these structures clash .... Of course,
it is possible to exaggerate these discrepancies. Forces outside
the fisheries tend to bring the national wage and price struc·
ture into line, through the movement of goods and the sale of
services. And within the fishery itself the increasing inter·
national trade in this equipment, all tend to press toward a
uniform set of labor.capital·fish price.ratios."

The model presented will allow a more formal
analysis of these and other problems.

The first section of the paper describes a one
country model of the economics offisheries from a
general equilibrium point of view. Results identi
cal to the earlier works are derived as a starting
point for discussion. The second section expands
the model to consider two nations both having
access to the same fish stock and describes the
conditions necessary for an international open
access equilibrium yield, for local maximum
economic yields (MEY), and for a true interna
tional MEY. The third section describes the condi
tions for an international MEY in more detail and
shows the ways in which the countries can go
about achieving them. Throughout the analysis is
static.

I

Consider a country with a specified amount of
resources, a given technology, and exclusive use
(either through default or international law) of a
fish stock. Using its resources, it can either pro
duce manufactured goods (M) or fishing effort (E)
which can be applied to the fish stock to catch fish.
Let the implicit function for the PP curve between
M andE be:
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dF dFdE G
dM = dE dM = --'-(a - 2bE) G: (3)

Assume that it is quasi-concave so that there will
be a concave transformation curve between E and
M. Let the sustained yield curve of the fish stock
(Le. the production function) be expressed as:3

Using this equation assumes that the fish stock
will always be in a biologic equilibrium. F will
increase until E is equal to -& and will thereafter

decrease. F will be zero when E = 0 and when E =
~. As long as the maximum amount ofE possible is
greater than ~b but less than~ , then the PP curve

for M and F will be similar to the solid one in
Figure 1. (Ignore for the moment the dotted one.)
The slope of the curve is:

FIGURE I.-The solid concave curve is the production possibility
curve and the set of convex curves are the community indiffer
ence curves. Open-access equilibrium will occur at B, maximum
sustainable yield at H, and maximum economic yield at D. In the
two country model, a decrease in fishing effort in the other
country will shift the production possibility curve to the dotted
one.

F(1)

(2)

G (E, M) = O.

F(E) = aE - bE2.

"The sustained yield curve is the relationship between the
amount of effort expended and the amount of fish that will be
captured period after period. The particular expression here
follows Schaefer (1957). Although other expressions have been
discussed recently (see the papers by Southey and Gould cited
above), Expression (1) is descriptive enough to capture the essen
tials of the argument.

As pointed out in the literature cited above (see
especially Turvey 1964 and Scott and Southey
1970), as long as no one regulates entry into the
fishing industry, profit maximizing individuals
will continue to produce or buy E as long as the

where G I is the derivative ofG with respect to its
first argument, etc. Fish output will be at a max
imum when E equals ~b' not when all of the re-

sources are used in the production of E. As long
as the marginal productivity of E in fishing is
negative, the PP curve will have a positive slope.
Switching resources out of effort and into manu
facturing will actually increase both F and M.
Where E's marginal productivity in F is positive,
the PP curve will have its normal negative slope.

Because both g: and (a - 2bE) increase as M

increases (Le. as E decreases), the curve will be
concave to the Qrigin. Also assume that there is
a linearly homogeneous social utility function
of the form

(5)

value of the average catch per unit ofE is greater
than the price of effort. The effects of this are as
follows. IfE and M are produced in pure competi-

tion, then - PpM = dE . Equilibrium will occur in
E dM F

the open-access fishery whenPF:EequalsPE; that

is when the average return to effort equals its cost.
[Smith (1969) has shown that under certain cir
cumstances, the fishery will not reach an equilib
rium. For the moment let us ignore this possibility
although its effects will be discussed briefly
below.] It can be shown therefore that with an
open-access fishery and pure competition in the
production of E and M, producers will arrange
their production such that for any given price ratio
the following condition will hold:

PM = FIE .
PF dMldE

Maximum consumer welfare occurs where the
slope ofthe social indifference curve is equal to the
price ratio. That is where

U2 PM
- VI = - P

F
•

Therefore a general equilibrium in the production
and the consumption sectors of the economy will
occur when

(4)v = V (F, M).
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Conditions for the maximization of social welfare,
however, are:

'As Scott and Southey (1970) point out, if there are increasing
returns to scale and if the social utility function is not linearly
homogeneous, it is possible that there may be multiple equilib
ria. I have ignored that complication for purposes of this paper.

An expression for ::::r is given in (3) and

(FIE)/(dMldE) can be expressed as:

(9)

Under the above assumptions, the open-access
problem of the fishery has been solved in a way
that keeps pure competition in the production ofM
andE. Therefore -PMIPE is equal to dEldM and so
maximization of the rent of the fishery will
guarantee that

PM dFldE dF
- PF dMldE dM

This will mean that the conditions for the maximi
zation of social welfare, expressed in (7) above,
will hold. Therefore a policy that maximizes the
rent from the fishery also maximizes social wel
fare.

In summary, a country with exclusive rights to
an open-access fishery will operate inefficiently as

however, no fish is produced unless its value is
greater than its opportunity cost. Although MEY
in the traditional literature refers to a specified
amount of fish production, it assumes that the
resources not in fishing are used efficiently in the
production of other goods. Describing the model in
terms of a PP curve makes this explicit.

Through proper regulation, the country can
move to MEY. This could involve a ceiling on the
amount offishing effort allowed or the granting of
property rights to the fishery to certain individu
als. The former has been tried but usually by
means of decreasing efficiency rather than by
shifting resources to other types ofproduction, and
the latter can lead to monopoly or oligopoly unless
the property rights are distributed widely or there
are other fish stocks that can provide the neces
sary competition.

If the government only allows °units of effort,
where °is less than the open-access amount of
effort, and then distributes the rights to this
number ofunits among a large enough group such
that there is still pure competition in the market
for both effort and fish, these people will be earn
ing a rent per period, R, ofPFF(o) - PEO where
F(~) is the amount of fish caught by ° units of
effort. Unless reductions in effort have perverse
effects on price, average catch, or cost ofeffort, this
rent will be positive. See Anderson (1973:513).

The optimal amount of effort is where the total
amount of rent is a maximum (Christy and Scott
1965:8). By using the standard mathematical pro
cedure it can be shown that the first order condi
tion for R to be a maximum is:

(7)

(6)FIE
dMldE

[
dFIde - ddF

M
] .

dMldE

(FIE)/(dMldE) = -(a - bE) g2 . (8)
1

The ratio. FIE will increase in absolute size as
dMldE

M increases, and because of the assumption that
the maximum E is less than alb, it will always be
negative, even when the slope of the PP curve is
positive. It can be seen that when they are both
negative, this ratio will be larger in absolute size
than the slope of the PP curve at that point; Le. it
will have a steeper slope. The small lines on the PP

curve in Figure 1 represent the ratio FIE at
that point. dMldE

In terms of Figure 1, open-access equilibrium
will occur at point B where the slope of the indif
ference curve as it intersects the PP curve is equal

to the ratio of d:/;~E at that point.4 The social

optimum is at point D where the indifference
curve is just tangent to the PP curve. The common
property or open-access equilibrium will always
be to the left of the optimal point; therefore with
open access, too many resources will be allocated
to F under the market system. It is even possible
that the market equilibrium will occur in the posi
tive sloped segment of the PP curve.

By way of comparing the present analysis with
the standard one, point H on Figure 1 is the point
of maximum sustained yield for a fishery and
point D is the MEY. The latter point has less fish
but more manufactured goods than the former
(and may even have less fish than the point where
the unregulated fishery will operate). At MEY,
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This simply states that the open-access condition
for each country (see Equation (6» must hold in
both simultaneously. In terms of Figure 1, each
country must be operating at a point such as B.

a -bEy
Fx will reach a maximum when Ex equals 2b

and will fall to zero ifit gets as large as a -bbEy.
The equation for F y is analogous.

The amount of fish that country X can catch
using a specified amount ofEx depends upon how
much E y country Y is producing and using. Simi
larly the catch of country Y depends upon the
amount of Ex used by country X. Therefore, the
shape and position ofeach country's PP curve forF
and M is dependent upon the amount of E the
other country uses. Let the two PP curves in Fig
ure 1 be two possible ones for country X. The solid
one is for the larger level of E y . Note that the
lower curve gets further away from the higher one

as Mx decreases. This is because °EFx , the verticalo y

displacement ofthe curve due to a change in effort
in country Y, is equal to -bEx' Therefore, the
higher the level ofEx, that is the lower the level of
Mx ' the greater will be the vertical displacement.
The maximum amount ofFx will be at a higher
amount of Mx (a lower amount ofEx) because Fx
. . hE' I a - bEyIS a maXImum w en x IS equa to 2b .

U sing this two country model let us consider the
implications of three types of exploitation: 1) open
access in both countries, 2) local MEY in both
countries, and 3) a true international MEY.

From the above description, it can be seen that
the shape and position ofthe PP curve for M andF
in each country is dependent upon the level of
effort used in the other. Therefore the open-access
free market equilibrium in each country will de
pend upon the level ofeffort used in the other. The
mathematical condition for an international
open-access equilibrium is the following set of
simultaneous equations:

long as there is no regulation offishing effort. This
will be because as long as the average returns to
fishing are greater than the price ofeffort, private
decision makers will continue to demand E. Also
since E andF are directly related, there is always
a direct relationship between PE and PF .

II

Now to turn to the case ofmore than one country
exploiting the same fish stock, analysis of this is
made very difficult by a variety ofintriguing prob
lems. For instance, technology may be so different
in the two countries that it is very hard to find a
common measure of fishing effort, tastes may be
such that one country prefers small fish while the
other prefers large ones and yet the sustained
yield curve is dependent on the size of catch, each
country may be using other criteria for harvesting
the fish; for example, one may look at it as a place
to put unemployed labor, or as a source of earning
foreign exchange. For purposes ofdiscussion these
intricacies will not be considered.

Assume that two countries, countryX and coun
try Y, both with specified production capacities
(ax (Ex, Mx ) = 0 and a Y (E y , My) = 0) and lin
early homogeneous community welfare functions
(UX = U X (Fx' Mx ) and uy = uy (Fy, My) ,are
the exclusive users of a fish stock with the sus
tainable yield curve (2) above. Since a unit of
effort in country X, (Ex), is identical to one in Y,
(E y ), the sustained yield curve can be expressed
as:

F(Ey , Ex) = a(Ex + E y ) - b(Ex + E y )2.

As before the total catch from the fishery will

reach a maximum when Ex plus Ey is equal to :b

and will fall to zero if total effort gets as large
a

aSE;'

The catch of one country will be in proportion to
its effort in relation to total effort, therefore:

Ex
Fx (Ex ,Ex)=E E

x + y

[a(Ex + E yJ - b(Ex + E y )2J.

This can be simplified to:

(10)
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Note however, that in country X, average catch
(Fx lEx ) is a function ofboth Ex andEy . Therefore
an equilibrium in country X can be reached only
for a given level ofE y , (Le. for a given PP curve).
Similarly an equilibrium in country Y is possible
only for a given level ofEx. Therefore an interna
tional equilibrium is possible only at that
combination(s) of Ex and E y where Equations
(Ha) and (llb) both hold simultaneously.

If free international trade between these coun
tries is possible, the price ratios in both countries
will be equalized, and so at the equilibrium, the

marginal rates of SUbstitution(g:)will also be

equal. Therefore the following condition will hold:

U x U
y

~=_2 =

U
x

U
y

I 1

(12)

that in the general equilibrium analysis, the
amount of E produced by the other country will
fall in most cases which will shift the PP curve out
and may cause welfare to increase enough to over
come the initial loss. On the other hand, increases

in~ brought about by trade will improve the
F

allocation of resources and always increase wel-
fare initially; however, the increase in E in the
other country will have the opposite effect on wel
fare. So whether the country exports or imports
fish, changes in the terms of trade may decrease
welfare depending upon the direction and mag
nitudes ofthe changes causedby these two factors.

Equation (7) above states the condition for the
maximization of social welfare (Le. MEY) in the
one country case. With free international trade, if
both countries attempt to maximize welfare given
the level of effort used in the other country, the
condition for an international equilibrium is:

Graphically the international trade case can be
interpreted as follows. For a given level of E
produced in the other country, each country will
produce at that point on the PP curve where the

trade price ratio is equal to FIE . It will then
dMldE

trade along the price ratio line until welfare is
maximized. Consider a country that would oper
ate under autarky at point B in Figure 1. Under
our assumptions the location of the PP curve is
related to the amount ofE being produced in the

other country. If trade opens up with a lower PM ,
PF

the production point will move to A, but the con
sumption point will be at C because of imports of
M and exports ofF. From this it can be concluded
that for each level of E produced in the other

country, a decrease in ~M, Le. a relative increase
F

in PF , will increase the amount of E produced
locally.

As a sidelight notice that the decrease in~
F

actually decreased the welfare of the fish export-
ing country described in Figure 1. Trade allowed
for a further misallocation of resources due to an
expanding market for fish to such an extent that
welfare fell. Of course, if the price line through A
intersected the indifference curve through B, then
welfare would have been increased in spite of the
harmful effects. To be precise it should be noted

(13)

The last two terms can be simplified to a~x and

~~y respectively. These will be reCOgniz:d:s the

slopes of the PP curves ofthe two countries. What
this condition states is that for a local MEY, the
marginal rate ofsubstitution between M andF in
each country must equal each other and they must
also equal the internal marginal rate of transfor
mation between M and F given the level of effort
in the other country. In terms of Figure 1, each
country will be operating at a point such as D,
where the slope of the social indifference curve is
equal to the slope of the existing PP curve. Notice

that in equation (13), ~~x and ~~Y are both par.
v X y

tially determined by the level of effort in the other
country, so that here again the equilibrium com·
bination of Ex and E y must be simultaneously
determined.

One main purpose ofthis paper is to describe the
necessary condition for an international MEY.
It is important to note at this time that they are
different from Equation (13), the conditions of
local MEY's given the level of effort in the other
country. Since the level of effort in each country
affects the PP curve, and hence potential welfare,
in both countries, the maximizing conditions
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"This condition can be derived in the following manner. With
international trade, the community welfare functions become

must take this into account. With free inter
national trade, these conditions are:5

U X = U X lFx(Ex,Ey ) +FT,Mx +Mrl and

Uy =UY [Fy(Ey,Ex)-FT,My -MTI

(14')

(-) (+) (-) (+)

_ u[ = aFx + aFr = oFr + oFx .
ut oMx aMx aMy aMy

FISHERY BULLETIN: VOL. 73, NO. I

Alternatively this condition can be written as:

Expression (14) is useful for comparisons with the
open-access free market international equilib
rium conditions in (12) and with the local MEY
condition in (13), while Expression (14') is useful
for tying the analysis to the PP curve.

In words these conditions state that the margin
al rate of substitution for M and Fand a special
type of marginal rate of transformation (MRT) in
both countries must equal each other. The margin
al rate of transformation is special in that it con
siders the effect on fish production in both coun
tries, of a change in manufacturing in only one.
To be more precise a "socially optimal" interna
tional policy should guarantee that neither coun
try expand their fishing effort unless the value of
the extra yield, regardless of who catches it, is
equal 'to the value ofthe extraM that must be fore
gone. That is countryX should compare the oppor
tunity value of producing effort with its effect on

local catch (oFx ) and with its effect on country
oMx

Y's catch (oFy ) . The same restriction must be
aMx

placed on country Y's fishing industry also.
It is important to stress at this point that these

international MEY conditions were derived by
maximizing the level of welfare in one country
while specifying a certain level in the other. That
is, an initial distribution ofthe fishery is essential
before the maximizing conditions for an interna
tional MEY can be utilized. This same condition
will hold at many combinations of Ex and Ey de
pending upon how the wealth of fishery is distrib
uted. This is one of the major differences between
a national MEY and an international MEY. The
importance of the beginning distribution will be
discussed in greater detail in Section III.

It can be shown from the equations for Fx and
oFx aFr aFy oFxFy that oEx + aEx equals aEy + oEy and that

FxlEx equals FylEy. Therefore in both the open
access equilibrium (Condition 12) and at any true
international optimum point (Condition 14),
dMxldEx must equal dMyldEy. That is, the real
cost ofproducing fishing effort will be the same in
both countries. The difference is that only in the

oFr oFx-- +--
oEy oEy • (14)

dMy

dEy

(b) ~ = U X
2 + A2Gf = 0aMx

( aL _ UX 3Fx y 3Fy y
c) aEy - I aEy + AIUI oEy + AaGI = 0

(d) jIt; = A,uf + AaGf = 0
y

(e) ~ = U X + AIU; = 0aMT I

aL x ~ y 0
(f) aFT = U 2 + 1\ IU 2 = .

Note that Conditions (a) and (c) show that a change in the level of
effort in one country has a direct effect on the level ofwelfare on
the other. For this reason the Pareto conditions for an interna
tional optimum are different than in the standard case. Solving
(e) for Al substituting that expression in (a) and then dividing (b)
by (a) yields -

where FJ.' and MT are the amounts ofF and M respectively that
are traded. If we wish to maximize the welfare of country X
subject to a specified amount in country Y and to the productive
capacities, we get the following Lagrangian function.

L =Ux + AIWY
- DY) + A2GXr.ex,Mx) + AaGY(Ey,My).

The first order conditions for a maximum (using the normal
notation for derivatives) are:

() aL x aFx ~ U y aFy ~ x
a -3E = U I OE-:.: + 1\ I I "dE + 1\2 G 1 = 0

X X X

x aFx + 3Fy
U 2 aEx aEi

- U X = G X
I _---.!..

G~

Similarly substituting the value on I into (c) and (d) and then
dividing (d) by (c) yields

aFy aFxU: 3EY + aEY
- U{ =

oFx oFy
uf _ Ur _-o-E-x + -oE-x

- U
I
X - Ur - dMx

dEx

. . U~ uiSmce from (e) and (f) It can be shown that- x = - y' and by
G X dM GY dM U I U I

definition - -+ = dE x and - ~ = d:l!'!, it can be shown that
G 2 x G 2 y

Condition (12) holds.
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FIGURE 2.-In the two country case, the international maximum
economic yield can be represented by the countries producing at
A and A' and consuming at Band B', the difference being made
up by international trade. The exact relationship between the
slope of the indifference curves and the production possibility
curves is expressed in Equations (14) and (14').

latter is the proper amount of it produced. The
equalizing mechanism in both cases is the trade in
fish which is indirect trade in effort.

Figure 2 depicts the international MEY situa
tion in terms of the PP curve of both countries.
Expression (14') says that the absolute value of
the slope of the indifference curves in both coun-

t· ( U2nes - u) must be less than the absolute value of
1

the slope of their existing PP curves at the point of

operation(:~).That is at the equilibrium point,

the slope of the indifference curve must be less
steep than the slope ofthe PP curve. Therefore the
slope of the price ratio line must also be less steep
than the slope ofthe PP curve. What this means is
that both countries must produce less fish than
they would under normal free market conditions
given the relative cost ofproducingF and M. The
reason for this is that they must take into account
the effect of their output levels on the production
of fish in the other country. In the diagram the
regulated price ratio common to both countries is
represented by the two straight lines. Country X,
producing at point A and consuming at point B, is
importing Mr units ofM and exportingFr units of
F. Country Y, producing at point A' and consum
ing at point B', is doing the reverse. Since at the
equilibrium, producers in both countries are bas
ing the production decision on the same price

ratio, and since :~ = ~~; , there will be no

COUNTRY X COUNTRY Y

balance of payments problem; i.e. the value of F
traded will equal the value of M traded.

Two technical points regarding this diagram
should be pointed out. First, since there are inter
national interdependencies involved, operation at
the international MEY requires government reg
ulation. Some form of taxes or other means of
control will be necessary in each country to keep
producers operating where the price ratio to con
sumers, as represented by the slope ofthe indiffer
ence curve, is different than the ratio of marginal
costs of production, as represented by the slope of
the PP curve. Second, it may seem strange that
country X, the importer offish, is consuming at a
point inside its existing PP curve. (If the indiffer
ence curve for country Y through point B' inter
sects the PP curve, that country will also be oper
ating at a point where its welfare is not as large
as it might be given its existing PP curve.) Would
it not be to its advantage to stop trading and ex
pand its own fishing by moving up its PP curve?
In answering this question it must be remembered
that the only reason country X's PP curve is as
high as it is, is that country Y has reduced its
level of effort. Only if country Y were foolish
enough to keep its level of effort the same regard
less ofcountry X's behavior would the latter bene
fit from an increase in effort. It would gain wel
fare while country Y would lose. This discussion
points out, however, that proper management
of international fisheries will be difficult to en
force because one or both ofthe countries involved
will be motivated to increase effort from the op
timal point.

So far three distinguishable points on each PP
curve can be identified: the open-access equilib
rium point (where the slope of the indifference
curve, or the international price line, as it inter-

sects the PP curve equals d::~E' i.e. point B in

Figure 1); the local MEY optima given the level of
effort in the other country (where the slope of the
indifference curve or the international price line is

lto °F . . tD' F'equa oM' I.e. porn rn Igure 1); and the point

where the country contributes to an international
MEY given the level ofE produced abroad, i.e. at
point A or A' in Figure 2. With regard to the latter,
only if both countries are operating in this fash
ion, is it a true international MEY, where the
value of the net increase in fish production by
the marginal unit ofeffort, regardless ofits origin,
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is just equal to the value of the resultant decrease
in the production of M.

As a sidelight it is interesting to note that ifone
country unilaterally adopts a local optimum regu
lation policy given the level of effort in the other
country, at the new equilibrium it will be using
less effort and in most cases the other country will
react to this by increasing their level of effort.
Therefore, while the decrease in effort will in
crease its level ofwelfare (it will move from point
B to point D in Figure 1), the increase in effort by
the other country will shift the PP curve toward
the origin, and this will reduce the gains. It is even
possible that the shift of the PP curve could be
large enough that at the new equilibrium the
country actually loses welfare.

This has interesting implications for cases
where international cooperation in fisheries man
agement does not exist. National regulation
policies must be derived taking into account the
reaction ofother countries to specific actions. Each
country will have to know how the other will react
to a change in its level of effort. Taking this into
account, it should only reduce its own effort (i.e.
transfer resources from producing effort into the
production ofM) as long as the resultant increase
in welfare is greater than the decline due to any
possible increase in foreign fishing.6 If these reac
tions are not known, the determination of the
proper regulation program will require some sort
of game theory approach.

In conclusion it should be pointed out that sim
ply because it is possible to list the conditions that
are necessary for a certain type of equilibrium to
exist does not mean that it will in fact exist. As
Smith (1969) has pointed out, a fishery will reach a
bionomic equiligrium only ifcertain relationships
exist between the growth rate of the fish stock and
the rate at which effort enters and leaves the

SIn formal mathematical terms the country must maximize
welfare subject to its production constraint knowing that the
equilibrium level ofeffort in the other country is a function ofits
own effort. The proper Lagrangian for country X and its first
order conditions are:

The first order condition with respect to Ex takes into account
the total effect on the amount offish caught by a change in effort.
There is the direct. change in catch and the indirect effect caused
by a change in the level of effort in country Y.
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fishery (either because of market forces or reg
ulatory decree). As pointed out earlier, however,
the present analysis is static and will ignore these
complications.

III

It will prove useful to view the problem from a
different angle. There are two countries each with
its own productive capacity and preference func
tion, and between them they share an open-access
fishery. Given this information, it is possible to
construct a welfare possibility curve for the two
countries (Figure 3). Any point on the curve is the
maximum amount ofwelfare that can be obtained
for one country at the level ofwelfare specified for
the other country given the productive capacities
of both countries and the sustained yield curve of
the fishery. At any point on the curve, Condition
(14) holds. Therefore, at each point there is an
international MEY from the fishery since in all
cases the value ofthe last fish caught will be worth
its opportunity cost. As is well known, there is no
way of choosing one point on the curve from
another.

To digress a moment, if there were no open
access resources or other market imperfections,
the two countries through market-directed pro
duction and trade will end up at a point on that
possibility curve. If they each operated indepen
dently, they could obtain a certain amount of wel
fare, say the amounts represented by point A.
Under free market conditions, each would be
motivated to change its output combination and
then trade such that both would be better off at a
point such as B. Point B is not inherently superior
to any other point on the curve. It is merely the
point where given the productive capacities and
the preferences of the two countries, they will op
erate under the conditions of a free international
market. At that point no country can be made
better off without making the other one worse off.
If for some reason there was a redistribution of
productive capacity, the final equilibrium would
still be on the curve but at a different point than B.

Now to turn' back to the case of the open-access
fishery, if neither country exploits the fishery and
they do not engage in trade, then operating inde
pendently, each would be able to obtain a certain
amount of welfare. Again let this point be rep
resented by A in Figure 3. If free trade is intro
duced and if both countries begin to exploit the
fishery taking into account the effect oftheir effort
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FIGURE 3.-Each point on the curve represents a distribution of
the fishery where one country cannot be made better offwithout
hurting the other. B represents the point where it is distributed
on the basis of ability to harvest fish. C represents the distribu
tion that is obtained by open-acceBB exploitation. While both
countries can benefit from changes from this point, note that in
this case a move to the "ability" distribution at B represents a
decrease in the welfare of country Y.

on the catch in the other country, a point such as B
on the possibility curve will be reached. The
wealth from the fishery will have been distributed
between the two countries on their ability to pro
duce the effort to harvest it. In fact, if the cost of
effort was always less in one country, then at the
MEY point, that country would be doing all the
fishing and gaining all the wealth from the fish
stock. The other country would gain from trade in
goods but not from the fishery itself. There is noth
ing inherently superior about point B, however.
There does not appear to be a moral argument that
one country deserves the wealth from an interna
tional common property resource simply because
it has a comparative advantage in the ability to
capture it.

Under open-access conditions, the two countries
will operate somewhere inside the welfare possi
bility curve, say at point C. This point is analogous
to the solution of Equations (lla) and (lIb). It is
possible for both countries to increase their wel
fare by moving to a point such as D. Just how these
gains can be obtained is discussed in detail below.
But for now notice that in the case depicted here, if
the countries are forced to move to point B (Le. the

point where the wealth from the fishery is distrib
uted on the basis of ability to produce effort),
country Y will suffer a decrease in welfare. This
will not always be the case but will depend upon
the position of C relative to that of B.

The point to be made from all this is that dis
tribution is a critical part of determining the
makeup on an international MEY. It is important
to separate who obtains the wealth from the
fishery from who harvests the fish. When the two
are linked together, economic efficiency can be
obtained only if the fishery is distributed accord
ing to ability to harvest. Under these conditions,
therefore, one of the countries may suffer a de
crease in welfare in the process of obtaining an
international MEY. However if distribution and
harvesting can be separated, an international
MEY can be obtained using any criterion for dis
tribution. Further, one can be obtained whereby
both countries will improve their welfare from
that at the open-access equilibrium.

The remainder of this paper will discuss a pro
cess for reaching an international MEY making
explicit the distributional problem and its rela
tionship with Condition (14). Let us consider how
two countries that are operating at a point such as
C in Figure 3 can move to an international MEY at
a point such as D. Such a move would entail up to
four mutually inderdependent types of trades be
tween the two countries, including trade in
mutual changes in fishing effort (essentially
trades that alter, to the mutual advantage of both
countries, the property rights to the fishery from
those established by the rule of capture in the
open-access fishery), trade in fishing effort or
rights to fish when one countryhas the right to fish
but the other can produce effort with less cost, and
trade in the produced goods F and M. The first of
these trades establishes a distribution of the
fishery, and the rest insure that Condition (14)
will hold for that distribution. These trades are
interdependent since any trade can alter demand
conditions ifthe gains are large relative to wealth.
Each of these trades will be discussed separately
so as to clarify the concepts involved. It should be
remembered however, that the theoretical max
imum advantage from international cooperation
can not be achieved unless the trades are consid
ered simultaneously.

First let us .consider the potential for mutual
gain from trade in mutual changes in fishing ef
fort. Assume that two countries have reached an
international open-access equilibrium with coun-
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try X producing E Xl units of effort and country Y
producing En units. (To be completely general
this combination ofeffort can also be thought ofas
the one that both countries agree to use as an
initial bargaining point.) Assume that under
these conditions country X is operating at point A
in Figure 4a. At that point, which is on social
indifference curveI I' there is a specified amount of
E y (which determines the shape and position of
X's PP curve) and Ex (which determines the posi
tion on the curve) being produced. There are other
combinations of Ex and E y that will cause X to
operate onII however. For example, ifE y remains
the same and Ex is reduced (i.e. resources are
shifted from the production of effort to manufac
turing) such that there is a movement to point B,
the level of social welfare will not change.7 Smal
ler reductions ofEx that are matched by increases
inEy will leave welfare unchanged if the increase
in E y shifts the PP curve down such that the
country is still operating on I I' Similarly, in
creases in Ex ,or reductions by more than is neces
sary to shift the country to point B, will result in
constant welfare ifthere is a simultaneous reduc
tion inEy large enough to shift the PP curve up by
the appropriate amount.

This information can be more meaningfully dis
played in terms of the property right indifference
curves (PRI curves) in Figure 4b. The axis repre
sent allowable levels of Ex and E y • These allow
able levels are essentially property rights to the
annual harvest that the specified amount ofE will
catch. They are labeled PRx and PRy, but when
there is no trade in effort, then Ex equals PRx and
E y equals PRy. Point A' represents the interna
tional open-access equilibrium point. That is, En
is the level of ef!'ort in country Y that will cause
country X to be operating on the PP curve in
Figure 4a, and EXl is the amount ofeffort in coun
try X that will cause it to operate at point A on
that curve. Every other point in the diagram rep
resents a different combination of effort in each
country and, in effect, represents a distribution of
the fishery. Point A' is the distribution of the
property rights by the rule ofcapture. Movements
to the left represent reductions in the amount of
allowable effort for country X, and downward

7Throughout it is assumed that there is free mobility of re
sources between fishing and manufacturing. As has been cor
rectly pointed out in the past, this is not always the case. Rather
th~re is a time lag ofperhaps as much as a generation involved.
ThIs fact should be considered when making practical applica
tions of the model.
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FIGURE 4.-The property right indifference (PRI) curves for each
country follow directly from the relationship between their pro
duction pOBBibility curves and indifference curves.

movements represent a reduction for country Y.
PRIxl is that collection ofbundles ofPRx andPR y
where country X is operating on social indiffer
ence curve II' Increases inPRx (movements to the
right) will only result in a constant welfare ifit is
matched by reductions in PRy. Small reductions
inPRx with PRy remaining unchanged, will nor
mally increase welfare, and so for welfare to re
main constant, PRy must increase. As reductions
in PRx get larger, however, welfare will remain
constant only if there are reductions in both PRx
and PRy. Similarly, PRIx2 and PRlx3 are combi
nations ofPRx andPR y where the level ofwelfare
is the same as along 12 and I 3 ,respectively.s It

8The curves will be concave from below. For reductions in
allowable levels ofeffort, the greater the reduction the greater is
the increase in Fx. that is necessary to keep welfare constant,
and at the same time, the effect of decreases in the allowable
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follows then that any distribution of property
rights to the fishery represented by a point inside
the area delineated by PRIxI will lead to an im
provement in welfare in country X over that
which is obtained at the international open-access
equilibrium. Note that because ofthe shape ofthe
curve, welfare in country X can actually be in
creased in some cases where its allowable level of
effort decreases while that for the other country
goes up. This is possible because at the open-access
equilibrium, country X can gain from switching
some resources from producing effort to producing
the other good and, up to a point, these gains are
possible even ifcountry Y increases effort. (Points
A,B, C, D, F, and G are analogous to A', B', C', D',
F' , and G' .) The reader should be aware by now of
the similarity between these curves and trade in
difference curves in international trade theory.
Before using these curves in the analysis of the
problem at hand, however, a few more points are
in order. The short line through I 2 at F is meant to
represent the slope of the PP curve ifEx remains
constant and E y decreases so that country X is
operating at F. A decrease in PRy will cause the
slope ofX's PP curve to decrease at every level of
MX .9 As pictured here it has decreased from a
positive to a negative. If it decreases such that it is
steeper than the social indifference curve at that
point, then tlte PRI curve will look like PRIx4 .
That is, the PHI curve will not have a negatively
sloped segment to the left of the open-access
equilibrium amount of effort for country X. This
means that reductions in the allowable level of
effort in country X, with the amount in country Y
held constant, will always result in a reduction in
welfare for country X. Along the same line ifcoun-

level of effort in country Y onFx decreases as Ex increases (i.e.

~ = -bEx ). Therefore greater reductions in PR y will be

neceBBllry to compensate for equal reductions in PRx. as the
amount of Ex is reduced from the international eqUIlibrium
level. For increases in PRx , the greater the increase the smaller
is the marginal increase in fish caught and yet the greater must
be the increase in catch in order to keep' welfare constant.
Therefore greater reductions in PRy Will be necessary to
compensate for equal increases in PRx as the amount of Ex is
increased from the international equilibrium level.

aFx af
.,,-n- = - (a - 2bEx - bEy )
aoox af

and so

a (-1tt;) = b a: .
<lEy af

Therefore, as E y decreases, the slope will decrease.

try X pursues a local maximizing policy (i.e. it
operates at point G in Figure 4a), the interna
tional equilibrium will be at point G' in Figure 4b.
This means that under no circumstances will
country X be better off if it unilaterally decreases
its allowable effort and it will always be worse off
ifcountry Y increases its level ofeffort. This is not
the case if the international equilibrium is at
point A'.

Figure 5a is similar to Figure 4b except that PRI
curves for country Y have been added. PRIYl has
the same meaning for country Y as does PRIXl for
country X and is constructed in an identical fash
ion.

Any distribution ofproperty rights represented
by a point inside the area delineated by PRIYl

would result in an increase in the welfare of coun
try Y. It follows then that any combination that is
in the area common to bothPRIXl andPRIYl (see
hatched area of Figure 5a) will increase the wel
fare of both countries over that achieved by the
open-access "law of capture" distribution of the
rights to the fishery. Note again that it is possible
for both countries to be better off in some cases
where the trade involves a reduction in property
rights in one country and yet an increase in the
other.

PR YCEY)

__ PRIYI
- :- ...
PR~2' ..

._ !.~~~ .
... "' .... AI

FIGURE 5.-The area common to the initial property right indif
ference (PRI) curves of both countries represents those distribu
tions ofthe fishery where both countries will be better offthan at
the open·access equilibrium. In some special cases, there is no
such area (see b).
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that is, unless the slopes of the PRI curves are
equal. Formally this says that the ratio of the
change in welfare in country X due to a change in
property rights in country X and to a change in
rights in country Y must be equal to the ratio of
the change in welfare in country Y due to a change
in rights in country X and in country Y. This can
be rewritten in terms of the earlier notation as:

The change in welfare in either country due to a
change in its allowable effort is equal to the
change in welfare due to a change in F times the
change in F due to a change in allowable effort
plus the change in welfare due to a change in M
times the amount of M that must be given up to
produce the extra allowable effort. The change in
welfare in the other country is simply the change
in welfare due to a change inF times the change in
F due to a change in allowable effort in the first
country.

Where the final trading position will be and
hence what the exact gain to each country is can-
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not be accurately determined in advance. It de
pends however upon the international free market
equilibrium distribution of the property rights to
the fishery which determine the position of the
PRI's, the trading ability of the two countries, the
extent of the knowledge concerning each other's
PRI's, and the number and particular composition
of any small trades that lead up the final equilib
rium.1t would be possible to construct offer curves
from the PRI's similar to the ones used in interna
tional trade theory, but since trade in mutual
changes in property rights will necessitate inter
governmental negotiations and since they will,
more than likely, take place on a lump-sum basis,
the equilibrium determined by their intersection
would be of doubtful significance.

To summarize this discussion let us consider
point J in Figure 5a, which is one possible final
trading position. Notice that it is not possible to
redistribute the property rights from that point
without forcing one of the countries to suffer a loss
in welfare; that is, there are no further changes in
the distribution of the property rights that will be
mutually beneficial. This is one of the conditions
that must hold for an MEY of an international
fishery. It determines the amount of fish that
should be caught and the distribution ofthe rights
to catch it. An important point to remember how
ever is that this condition will not guarantee that
the fish are caught at the lowest possible cost, and
yet this is a very important aspect of MEY.

Let us now consider the potential for mutual
gains from trade in actual property rights or in
fishing effort. Such trade is not possible unless the
rights to fish have been formalized either at the
open-access equilibrium or at some other mutu
ally agreed upon point. Again it should be remem
bered that this is only one type of trade, and the
degree to which each country is willing to engage
in it depends to some extent upon the makeup of
the other trades.

Just because a country has the right to fish does
not mean that it should necessarily produce the
effort to catch the fish. For instance, if the oppor
tunity cost ofproducing effort is cheaper inX, then
both countries can gain if X expands the produc
tion of effort and then sells the increase to Y, who
must make a corresponding reduction in its pro
duction of effort. If the price of effort for these
international sales is between that in each coun
try, both will be able to gain. Country X will gain
because it is getting more for the effort that it cost
to produce. Country Y will gain because it can buy

(15)

awp~

~

awk
aPRy

It is also possible that in some cases there may
be no changes in both Ex and E y that will benefit
both countries. If both countries adopt a local op
timum regulation policy, the PRI's will be of the
general shape of those depicted in Figure 5b. In
this case, there have to be mutual reductions in
order for either country to gain, but as pictured
here, there are no mutual reductions that will
benefit both countries.

Ifthe governments have the power to control the
level ofeffort in their countries, then it is possible
for both of them to increase their welfare by each
agreeing to a change in the property right dis
tribution such that the new combination lies
within the area described. And further gains are
possible if the PRI's for the countries are not
tangent at the new point. In other words, given
that the equations for the PRI's are of the form
WPR = WPR (PRx ,PRy), further gains are possible
unless
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effort cheaper than it can produce it at home.
These mutually beneficial trades can continue
until the opportunity cost ofproducing effort is the
same in both countries, i.e. until:

The same thing could be accomplished by X
purchasing rights to apply effort from Y until the
MRT's for E and M are equal. Assume for simplic
ity that PI =P;. Initially the price for a right to
use one unit of effort would have to be somewhat
above the rent the right-holder in Y would earn by

doing the fishing himself. (R y = pJ F~Cl) - PI ,
where ex in this case is the total of the allowable
efforts from both countries.) People in X will be

able to pay more than that sincePi is less thanPI.
In trade equilibrium the prices of fish and effort
are the same in both countries, and therefore the
rents in both countries will be identical and no
further gains from trade are possible.

While the above will not change the amount of
fish produced, it will make sure that effort is being
produced at a minimum cost. The savings can be
used to produce more of the manufactured good
which can be distributed such that both countries
are better off.

Now that two of the possible types of trade have
been discussed, it will prove worthwhile to show
exactly how they can be interrelated.

Trade in E or in fishing rights may have an
effect on the bargaining for the distribution of
property rights. To see this, assume that after
such bargainings country X is at point D in Figure

. dMx . dMy .
4a and at that pomt aEX IS less than aEY . If It

produces q more units ofE but sells them to Y who
reduces its production of E by the same amount,
the PP curve will not change. Initially X will op
erate somewhere horizontally to the left ofpoint D
because it had to give up units of Mx to get the
extra units ofE. Y will be willing to pay sufficient
units ofM toX such that it will ultimately operate
somewhere horizontally to the right ofD and will
therefore show an increase in welfare. Therefore
at point D' in Figure 4b, which represents the
rights to fish and not the actual amount ofE pro
duced in each country, the welfare of X will in
crease. By similar analysis it can be shown that if
trade is possible, Y will always be at a higher level

dMx dMy
dEx = dEy'

(16)

of welfare at D' also. This means that the PRI's of
both X and Y will change shape and position.
Therefore more than likely there will be the possi
bility of further mutually beneficial trades in the
distribution of fishing rights.

The final type oftrade to consider is trade in the
final products M and F. If the relative prices are
different in the two countries, mutually beneficial
trades can be arranged. These trades can continue
to be mutually beneficial until the marginal rate
of substitution in both countries is the same, I.e.
until:

(17)

These trades will be affected by trades in E and
also in changes in the allocation of the property
rights.

On a practical note it must be admitted that few
countries will be willing to let their international
trade policy in all goods be dictated by their
fishery management program. Therefore it is un
realistic to assume that they will drop all restric
tions on international trade on this account.

This means that even after the rights to fish
have been distributed, there are four things that
can be traded: fish, manufactured goods, effort,
and rights to fish. Because the prices of the last
two are directly related to those ofthe first two, the
relative demands for M and F will determine the
equilibrium set of prices. It is impossible to pre
dict, however, just what the actual trade bundle
will be. For instance, nothing in the model allows
us to predict whetherX will export effort or import
fishing rights if it has a comparative advantage in
producing effort. The outcome of that, however,
will affect its exports or imports ofF.
Altho~ghthe exact makeup ofthe international

MEY position cannot be described, Conditions
(15), (16), and (17) must hold simultaneously for it
to be in effect. (Condition (15) sets a distribution
from which no further mutual gains are possible,
and Conditions (16) and (17) guarantee that Con
dition (14) above will hold for that distribution.)
That is all potential mutual gains (where a
mutual gain could consist of one country being
made better offand the other remaining the same)
by (1) altering the distribution ofthe rights to use
effort, (2) trading in actual rights or in effort itself,
or (3) trading in final goods, have been achieved.
This point (say at point D in Figure 3) is a Pareto
point that can be reached by mutually advanta-
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geous trades between the two countries given
their initial positions which include their produc
tive capacity and the rights to the fishery that
they have obtained by the right ofcapture. At this
point there will be an MEY to the fishery. The
proper amount offish will be harvested and at the
lowest cost possible. But since there is nothing
sacred about these initial positions, point D is not
inherently superior to any other point on the
curve. If the world order somehow alters their
initial positions, for instance, by saying that since
Y is a poor country it should be able to expand
its effort and X should do the opposite, the same
types oftrades will still be possible, and they will
lead to a point on the curve that is more advan
tageous to country X than was point D. This point
would also be an MEY given the distribution of
productive capacity and of the wealth of the fish
ery. The distribution of the rights to the fishery
is very important in determining the MEY of the
fishery. Let us consider some of the practical im
plications ofthis discussion. First, before an inter
national fishery can be optimally managed, the
wealth from it must be distributed. The exact
makeup of the distribution is not important, but
it is possible, in most cases, to find a distribution
whereby both countries are better off than at the
initial bargaining point. The rights to the fish
ery should be transferable if the country owning
them is to receive the maximum possible benefit.
This way, it can sell the rights or hire effort from
other countries to utilize them ifit does not have
a comparative advantage in producing effort.
Therefore, unless the upcoming Law of the Sea
Conference can agree to some sort of distribution
of the wealth of the fishery and make allowances
for possible trades in the makeup of the distribu
tion bundle and also in fishing rights and effort,
there is little hope for economically rational
management of international fisheries.

The results of this two country, one fishery
model can be expanded in a fairly straightforward
fashion to a situation where there are many coun
tries that simultaneously exploit several different
fisheries. An international open-access equilib
rium will occur when, in each country, the average
returns from fishing the various stocks are equal
to the average cost of providing effort. The dis
tribution ofthe wealth from the fisheries will de
pend on the ability of each of the countries to
produce the effort that is most efficient for a par
ticular fishery. The more efficient producers will
capture a larger share of the fisheries. If perfect
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international trade in fish products is not possible,
then the distribution of the fishery by the "rule of
capture" will also depend upon the tastes of the
countries. A country that has the potential to har
vest a certain type of fish very efficiently but has
little desire for the product and cannot use it in
international trade will not exploit that stock very
extensively.

The usefulness of unilateral regulation in this
situation will probably be less than in the two
country case. Any reduction in effort will more
than likely be met by an increase from one of the
other countries. Therefore, while the country will
show an increase in the amount of other products
it can produce, it is entirely possible that the value
of its total production will fall due to the decrease
in catch.

Proper international regulation must take into
account the effect that effort from one country will
have on the yields to other countries exploiting the
same stocks. With this consideration in mind,
each country can benefit from some program of
reallocation of the rights to the fish stocks from
that which exists under open access. To achieve
the maximum potential benefits, this program
should include the possibility of trade in effort,
fishing rights, and final products. The existence of
many countries will of course make it much more
difficult to specify the set of redistributions that
would be beneficial to all concerned and even more
difficult to get the countries to agree to one combi
nation within that set. A major problem with in
ternational regulation is that allocational re
quirements are just as important as economic
efficiency requirements. But given a mutually
agreed upon allocation (i.e. a certain allowable
level of effort in each country for all fisheries),
the efficiency requirements can be met. The prob
lem is to get agreement on a distribution plan
with many different countries involved.

SUMMARY AND CONCLUSIONS

In the first section of the paper the general
equilibrium model was used to derive the familiar
result that in an open-access fishery too many
resources will be allocated to the production of
fishing effort. Using this model it is possible to
explicitly take into account the lost production of
other goods. In the second section the general
equilibrium model was expanded to include two
countries exploiting the same open-access fishery.
The amount of effort used in one country will af-
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fect the production possibilities in the other by
changing the catch per unit of effort. Therefore,
there is a direct technical relationship between
the two countries. An international open-access
equilibrium will exist when the average return to
effort is equal to the marginal cost ofproviding it.
(Whether or not such an equilibrium will ever be
reached is another question.) The international
optimum is where the marginal increase in the
value of the fish caught (regardless of the country
in which it is landed) is equal to the marginal cost
of producing the last unit of effort in both coun
tries. Using this model, two interesting points can
be made. First, under open access, what are nor
mally considered to be improvements in the terms
of trade, for either the exporter or the importer of
fish, can in some circumstances lead to a decrease .
in welfare. Also attempts at unilateral manage
ment can lead to decreases in welfare depending
on the way in which the other country's fishing
industry reacts. Proper regulation policies should
directly take these things into account.

The topic ofthe third section was the necessary
conditions for an MEY ofan international fishery.
The discussion with its implicit assumptions of
governments that are willing and able to
negotiate in an open and far ranging manner at
zero cost, free trade in all goods, regulation
methods that are not at the expense ofefficiency, a
physically independent fish stock that is only
available to two countries. showed ifnegotiation is
possible that an international MEY can be
reached. This point will be the MEY ofthe fishery.
(Even if the assumption about the possibility of
free trade in final goods is dropped, the analysis of
trade concerning the distribution of property
rights to the fishery and trade in rights or effort is
still valid. Therefore, even if there are different
price and cost structures in the two countries,
there is a basis for selecting a second best total
amount and composition of fishing effort.)

It is also pointed out that there are many points
that satisfy the conditions of an international
MEY and that the distribution of the rights to the
fishery (especially where the wealth from the
fishery is large relative to the productive
capacities of the countries) and, to a lesser extent,
the differences in negotiating ability have an ef
fect on which one will apply at any point in time.
(There will not be one point that can be called
MEY as in the case of a national fishery.) This is
important because fishery negotiations typically
work in the reverse. They try to find some op-

timum total amount of effort that should be ap
plied and then they divide it in some equitable
fashion, but it is impossible to choose an optimum
amount unless the distribution has already been
determined.

With regard to the argument that the underde
veloped countries should be granted preferential
treatment in the distribution of the ocean's living
resources, the model points out that if this is ac
cepted, it does not mean that they should necessar
ily do the fishing. Rather, if they do not have a
comparative advantage in the production of
fishing effort, they would be better off by either
selling their rights to the fish or by hiring fishing
effort from other countries.

In conclusion this paper has formalized the
analysis of the problems of international fisheries
management that earlier writers only briefly dis
cussed. To their list ofproblems ofdifferent prices,
taste, and cost structures, it adds the effect that
the distribution of the wealth of the fishery itself
can have on the final outcome. It presents the
three conditions for an MEY ofan internationally
utilized fishery. More generally the conditions
guarantee the proper production bundle of all
goods and its optimal distribution given the pro
ductive capacity ofthe countries and ofthe fishery
and the distribution of wealth.

Although the discussion has been in terms of a
fishery, the analysis could be expanded to other
common property resources, such as air and
watersheds, deep-sea mineral sources, etc. by
taking proper consideration of the various physi
cal characteristics of the resource involved.
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