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Abstract  Since the seminal work of Smith [1969] on conunercial fishing as distinct form recreaucnal fishing, some
economists have conducted dynamic analysis of commercial fishing, taking into account  the biolegical growth faw of the fish
stock. Leung and Wang {1576] and Wang and Cheng [1978] have analyzed commercial fishing of a single species; Clark [1978],
Solow[1976], May er al. 11575], Okuguchi [i1984], Suwobele and Wacker [1995], and Figcher and Mirman [1998] have
investigated a more complex case of prey-predator interaction of multispecies. With the exception of Leung and Wang, and
Wang and Cheng, in all these works imperfect competition has been raled out In the market for the harvesied fish; thus the price
of the fish has been takea to be constant. Besides, international trade for the harvested fish has never been considered in all of
the above contributions. In this paper we will formulate and analyze international commercial fishing under imperfect
competition, where two countries are asswmed Lo harvest fish of & single species in an open-access sea. The {ish each country
harvests is assumed 1o be sold aot only in #s own country but alse in the other country. Each country’s harvesting cost is
assumed 0 be proportional 1o the square of is harvest and inversely proporticaal o the total level of the fish stock, whose
intertemporal movement in the absence of fishing is assumad to be governed by the biological growth law. Our main concerns
will be the existence of steady state fish stock and the long-run dynamucs for the change in the fish stock, which will be
classified into four possible cases, depending on the relationship hetween the Hae for X0 and the curve for glX) defined in the

{ext.

1.  INTRODUCTION

Since the seminal work of Smith (19691 on commercial
fishing, many eccnomists have conducted dynamic analysis
of commercial fAshing, taking intc account the biological
growth law of the fish siock. Leung and Wang [1576] and
Wang and Cheng [1978] have analyzed commercial fishing
of a single species; Clack [1976], Solow {1876}, May o1 al.
[1979], Okuguchi (19841 and most recently Strobele and
Wacker {19957 have deall with a more complex sHualion
allowing for prey-predator inigraction arnong multispecies.
With the exception of Leung and Wang, and Wang and
Cheng, in all these works imperfect competition has been
ruled out in the market for the harvested fish; thus the price
of the fish has been wmken to be constant Besides,
international trade for the harvesied fish has never been
considered in all of the above comributions, Howsver
international trade of identical or similar producis s of
paramount imporiance in the recent theory of international
trade under imperfect competition since the semipal work of
Brander [1981].

In this paper we will formulate and analyze international
commercial fishing under imperfect competition, whers two
countries are assumed 1o harvest fish of a single species o an
open-access sea. The fish each country harvests is assumed
16 be sold there as well as in the other couniry. Hach
coumry’s harvesting cost i assumed 10 be proportional 1o
the square of its harvesting rate and inversely proportionat o
the total level of the fish stock, whose imteniemporal
movement in lhe absence of fishing is assumed 10 be
governed by the biological growth law originally formulated
by Verhulst. We will find that the long-run dynamics of the
change in the fish steck will be classified into four possible
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cases, depending on the relationship between the Hne for £X)
and the curve for g(X) defined in the next section, where
XAX) is the rate of change of the fish stock when there is no
harvesting and XgfX} 15 the harvesting rale of the fish.

2. INTERMATIOMAL DUCPOLY MODEL

Suppose two countries engaged in commercial fishing in an
open-acoess sea and in selling the harvested fish in the two
countries, the home and foreign couniries. I X is the fish
stock, its rate of change in the absence of fishing is assumed
1o be governed by the biological growth law,
d¥ o= X (o~ BX Y, (1)
where @ and 8 are positive constanis. If the fish stock is
smali, there will be abundant {oods for the fish, and its stock
will grow al the intrinsic growth rate & . As the fish stock
becomes larger, there will be competition ameng the fish for
ihe limiteet foods, forcing the growth rate to decrease.
Rewriting {1), we have
d¥idi=gX(1-Kx) K= pfa. (1"}

This is the logistic equation originally due o PE Verhulst,
The coastants o and 1/K are the intrinsic growth rate and
carrying capacity, respectively. If fishing is absent, the fish
stock converges w0 & in the long-run.

Let x, be the amount fish harvested by country ¢ and sold
i country /. fj=1,2, The iverse demand functions for fish
in the two couniies are assumed o be lincar and given by



py=a;=by (x; +x), (2.1
Do = Ay by (X b Xy} (2.2)

where a, and b, are positive constants for i=1,2, p, and p, are
the prices of the fish in country | and country 2, respeciively.
Given the fish siock which is not evenly distributed in a
open-access sea, the unit cost of harvesting the fish will
increase as the harvesting rate increases and will be
proportional to it. Hence under the same condition, the 1otal
harvesting cost will be proportional 1o the square of the
harvesting rate. If, on the other hand, the harvesting rate is
given, the harvesting will be easier and less costly as the fish
stock increases. Hence given the harvesting rale, the
harvesting cost is inversely proportional o the fish stock. We
assume therefore that each country’s harvesting cost is
proportional o the square of its harvesting rate and inversely
proportional to the fish stock. If ¢, is country i’s opporiunity
cost for fishing, country 1° and 2°s profiis, 7 and 7, are
given by

Tci=plxll+p2x12—'yl(xl}+x12}2lxncl’ (R
Ty = Py + Poan = KXy + xzz)z'fx“" Cas (3.2

where 7 and ¢, are positive constants, i=1,2. We assume that
two countries behave as Cournot duopolists.

Let X, and Y, be the total harvest of and the total supply
to country I, respectively.
=12,

X B o+,

Y = x

i i

+a,, . @=Ll

Given X, the first order conditions for couniry 1's and
country 2’s profit maximization are given by {4.1) and (4.2},
and (4.3) and (4.4}, respectively, where a corner maximum is
assumed to be ruled out.

x,=a, /b~ Y, 2%X 1 bX. @1
Xy = ay /by Y= 27X, 1 hX . 4.2)
Xy ma, b =Y, =2pX, 1 h X, (4.3)
Xy =y /by = Y= 2By 1 X (4.4)

Before proceeding further, let
A= a/bi+a,/b,.
B = Vb +1/h, .
S=E Y+, =X+X, .
Adding (4.1} and (4.2),
X, =A~-8-2ByX /X (5.hH

Similarly from (4.3} and {4.4),

8344

X, =A~S-2BpX X . (5.2)

Hence (5.1} and (5.2) yield (6.1} and (6.2}, respectively.
X, ={A-8)/(1+1By/ X ), 6.1
Ay = (A-5)/{1+2By%/ X ). (6.2)

Adding (6.1) and (6.2), taking account into account X| + X,
= §, and sclving with respect to 5, we have

§ =SX) = (X(XH2B )+ X(X+2B ) A/ {{X+2B ) X+2BY,)
+ X(X+2B7) + X(X+2B7)) = 2X (X+B(¥+¥,) A/ (3X°
+4B(R+ )X + 4B n = Xg(0), N

which gives the total harvest by two countries as a function

of the fish stock.

Hence, the differential equation governing the change
of the fish stock in the presence of international commercial

fishing is
dX /dr =X (fX) - g(X)), (8)

where
AN =o-BX, &)
gX=E SXOIX, (10

where $ (X)) is given by (7).
The nonextinct steady state or the bionomic equilibrium is
characterized as the solution of the following equation.

FX) = g(X) . (an
We have to examine the properties of the curve for g(X}) in
order to analyze dynamics for the fish stock movement.
Noting that the qualiative properties of g(X) and

MX)=g(X) /24 (12
are identical, we get from
B0 == { 3XH6B(R+1)X +4BH y  +y 2 4311 1 (3X7+4B

(3 +1)X+4B8% %, 1) <0 forall X 20, (13.1)

and

h (0 = [8X '+ S4B(7+15)X "+ T2B (3 1+ 3 + X
+BBY R+ (¥ - 1) 305 2y 1/ 3K 4B+ 7)

485751 >0 foral X20, (132)

respectively,



g{X<0 forall X 20, (14.13
and

¢ (X)>0  forall X 20 (14.2)
Henee, g(X) is strongly decreasing, convex function of X .

We are now in & position to analyze t
stability of the nonextinct steady state &
possibilities emerge:

Case /. Fguation (11} has no real solution,

Case 2. 1t has only one real solution and gt > o

Case 3. 1t has only one real solution and g(f) < o

Case 4. 1t has two distinct real solulions.

These four cases are itlustrated in Figures 1-4.

First, consider Figure 1. In this case the harvest rale of
the [ish stock is always greater than s biological growth rate,
resulting in extinction of the fish stock. In Figure 1, the
harvest rale is greater than the biological growth rate
regardless of the initial stock lovel nnless it equals “{e. } fonoe
the fish stock converges o the steady state level X if i
i the imtiad

initial stock is Jarger dmn X" but becornes exiinct
stock is less than X . In Figure 3, the zmrvc&i rate i
greater(less) than the growth raie for X > X (X < X 1
Hence the fish siock converges o the swady staie |
regardless of the initial siock level. In Figure 4, %f ﬁe initial
stock is iarger than the larger sieady sate stoc kX the fist
stock decresses and converges o X {m mitial stock is
less than the smaller steady stale stock X, the fish stock
decreases and become zxtinct in the fong-run. I, however,
the initial stock lies between X and X . the biological
growth rate is greater than the harvest rale, thus the fish
sl&ck increases and converges io the larger steady statg lovel

o

ovel

pous ]

3. INTERNATIONAL GLIGOPGLY

We can easily cxiend owr iniernational duopoly fishery
mode! to international oligopoly fishery where more than
1wo countries engage in fishing and wade the harvesied fish
one another. Let therefore be 2 countries, and

i= 120, (15}

P bi}"r. R
be the demand {unction for the [ th counlry, »

Y = ¥, +x, . va.. =2 m,

f T k) B

is the wotal supply of the harvested fish (o the i-ih country. i

tolal harvest raie s

¥ = x o 4x,+..+x o = L2,
f i1 I fr
and the cost function is given by
2 3 - P
Co=0+ PX77X f= 120 {16)

-

LA

By definition the -th country’s

__Ep

Assume that

PTQEE( function is

rm/){"f}f ii=12.s0 (07
all countrics behave as Cournol ologopolists,
Then deriving and arranging the first order conditions for
profit maximization, we finally get

SC = AwlX) /(= w(X)), (18
WXy = Z XX +2YB) (i
i
and
Eza‘ﬁféj‘ 1 EE’;{:’J‘{W
i j

We let as in Seciion 2.

gy = S/ X 20

caloulations, we get

o

Afier oot of

fU0<0, fU0>0 forall X20. (2D
Thus four possibilities arise for the existence and stability of
the nonestinet sieady state fish stock as in Sectioa 2. See

Szidarpvszky and Okuguchi [1996] for the details.

4, CONCLUDING BEMAEKS

In Section 2 of this paper we have formulat cd inlernational
duopoly model of fishery under imperfect competition,
where two couniries are assumed ¢ harvest the fish of a
single species from an opes-access sca and o sell the
harvesiod fish in bolb countries, We have shown that four
cases are conceivable regarding the existonce and stability or
instability of the nonextinet sicady state level of fish stock.
In ome case (here £xisls 2 unigue nonextinet steady staie lish
stock which is giobally stable. In Section 3 we have brielly
indicated how our analysis 1n Section 2 can be extended 1o
deal with international oligopoly in fishery where more than
two countrics engage in harvesting  activities. Though
mathemmatical  anabysic  for  oligopoly  becomes  more
complicaed than for duopoly, no qualitative differcnce has
dynamics for duopolistic and
tic inernational fisheries.

been ohserved  regarding

oligopolis
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