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Abstract

The 1993 UN. Siraddling Stock Apreement prescribes a onlti-national or-
canizational structure for management of an exploited marine [ish stock, one
whose runge straddlies both ”Extended Economic Zones™ (ELZs) and high seas
waters, Howcever, the Agreement provides Lo the Regilonal Organization no eo-
excive enforcement powers. In this conncelions two problems in particular have
been citad: The first, called the *interloper problem”, concerns Lhe dillicadty of
conlrolling the harvesting by non-member vessels. The second problem, called
the "new-member problen®, concerns the inherent difficulties of negoliating
mutually acceptable terma of cntry.

Here we cxplore the extent 1o which the coulilion, by exerling economic
power alone, might be able attain eflective leverage in lhese management-
oomtrol controversies. Specifically, we will examine whether the coalition might
successiilly emnploy traditional monopolistic Pentry barriers®.

Game-theoretic economic analysis provides some helpful nsights into this
question, but the open-access characior of resource exploitation on the high seas
complicates its applicability here. On the other hand, the game iz asymmetrie,
with the incnmbent coalition enjoving certain advantages.

Our analysis lends support to the thesis that usnally leverage Lo enfloree
regional management conbrol must be songht elsewhere, other than through

direct application of cconomic power within the harvesting seclor.
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INTRODUCTION!

The 1993 U.N. Straddling Stock Agreement prescribes a multi-national organiza-
tional struciure for the management of exploited high seas “straddling™ lish stocks—
those whose range is partly in international waters, but which typcally overlaps
cortain coastal states’ Extended Economic Zones. The Agreement specifies that har-
vesting, wherever within the biological range it occurs, should be coordinated by a
coalition of the traditicnal harvesting stales, acling through a U.N. sanctioned Re-
gional Fisheries Managemenl Organization. While simumitancously recognizing the
rightl. of all stales Lo utilize 1he biological resources of the high seas, the agreement
calls for those nalions who wish Lo participate in harvest of the straddling stock, but
arc nol earrently mernbers of the Regional Organization, to declare a willingness to
join and to enter into negotiations over multually accoplable terms of cutry.

However, the agreemnent provides to the Reglonal Organization no cocrcive crnforce-
ment powers, to exclude non-member harvest or set the terms of entry into merber-
ship. This lack of enforcement power has cansed many 1o doubt the eflectivencss of
the proposed regional management mochanismn.  Two problems in particular have
been cited:

The first, called by Gordon Munro (1999} the “interlopoer problem”, concerns the
difficulty of contrelling the harvesiing by non-mnember vessels, including individually
operated vessels {perhaps fiying flags-olconvenience) but also including coordinated
multi-vessel “distant water fleets” secking largels-ol~opportunily, inlent on skimming
off a bountiful harvest wherever i occeurs, but with little interest. in the long-term
eonservation of the stocks,

The second problem identified by Munro, the “new member problem”, coneerns the
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inherent difficulties of negotiating, in a timely manner, mutually acceptable terms of
crtry, which will specify the petitioning nation’s membership rights and obligations.
Indecd the interests of the current moembers and the applicant are often strongly
opposed, with currcnt members facing the likelihood of having to give up a portion
of thelr prescul quolas Lo the newcomer, and ihe applicanl, believing Lthal 1t might
be helter ofl staying outside of the coalition, continming to harvest, proflilably while
[acing [ewer constrants.

In this article we shall explore the extent. 1o which the coalition of slales 1n the
Reglonal Organization mighl, by exerting economic power alone, be able to attain
effeciive leverage in these management-control contests so as te bring them to sat-
isfactory resolution. Specifically, we wish to examine whether the coalition might
snccessfully cmploy traditional monopolistic “eniry barriers”, o limil non-moember
harvesting and achicve effective management control of the fishery.

The existing game-thooretic analysis of industnal organization, (e.g Tirole, 1988).
provides some helpful insights into this question, but its applicability here is com-
plicaled by the open-access characler of resource exploilation in a high scas fishery.
This derives from the fact that all harvesters arc exploiting & common biological
stock pool. As we shall see, this circurnsiance reduces the offectiveness of potential
ceonomic barriers, and introduces clorments of the ®lragedy of the common”™ into the
compctitive game between the regional coalilion and a non-member harvester.

In this article we briefly describe a scrics of models, with which we attempt to
capture several strategically important aspects of the competition. Detailed analysis
of these modals will appear clsewhere.

The harvesiing competifion is essentially dynamic, reflecling irade-offs between
present and future returns. It is only when we incorporate explicl dynamie features of
the evolving high seas fishery thal the more subtle strategic nuances of Lhe competition

can fully emerge. In this article we outline the implications of several of these dynarnic



models Lhal, we have been studying,

DYNAMIC MONOPOLISTIC OPERATION: ACCOMMODATING A
COMPETITIVE FRINGE

In the simplest dynamic lisheries model, the swrplus production model, the state of
a fish population s described through a single statistic, namely its biomass. At the
beginning of 1he harvesting scason the biomass 18 termed the recrustment, which will
be dencted by R.  The biomass at the end of the season is called escupemend, and

will be denoted by 5. Thus the harvested biomass IT s
H=K-5

Biomass grows hetween successive harvest seasons, with the escapement S at the
end of a particular season determining recruitment A' at the beginuing ol the next
harvesting season. Thal dependence is quantified in a so-called stock-reeruitment
relation

BY = F{5).
Here, for simplicity, we will assume thar F{S) is an Incressing concave function, that
an nnharvested stock will attain a steady-state when it has reached its carrying-

capactly K, at which.
F{K} =K,

and ithai F{0) = 0. Schematbically, the slock level = thus seen to evolve scasonally
according to
H—5— F(8)=R"
During the harvesting season, the stock will be drawn down gradually, from initial

£ to final 5, with the net return per-unit of landings depending on current stock level

[}



& within-season, and given by
w(z} =p— C(x).

Here p is a fixed unit price Jor the landed harvest and C{x) 1= the nnit cost of
harvesting when the stock level is . This unit cost 18 assumed o increase, as the

slock level 13 drawn down i Lhe course of the season, T'ypically
Clx) = ¢/a.
In this case, the bionomic break-even harvesting stock level 1s

.
?

The net eurnulative return I from the cntire scason’s harvesi is thus

-~

“F "
(R,S5) = / w{a)de = pH — / C{x)dz.
Js Js

If the stock is harvested by the reglonal consortium operaling as a monopoly, it 1s
typically managed to maximize the discountod sum of these annual returns, over an
infinite tirne horizon:

e

L’r[H{n = max "}'rfl - H{:qu;, St), Whﬂr‘c Rl‘.+1 = F{I.c;t).

To achieve Lhis, standard analysis requires determining an optimal lurget escupement
fevel, 57, which 1s mdependent of £, and adopting a poliey of always harvesting-down
to this level whenever recruitment is above it. When recruitment is below the target,

there should be no harvest, allowing the stock to grow. Thus optimally:
5S¢ = miniR,, 5.
The oplirnal §* satislics the relation
w57} = (S} - w[E(ST),
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This is a “marginal rule”, and it asserts that the targel level 1s o be chosen so that
i.he marginal value of the final unit harvested equals that it would have been il instead
it were lefl, unharvested (in order to contribute to the following year's recruilment).
Consistenlly tarscling to achiove this cscaperent will maximize the discounted sum
of net harvest returns.

Now suppose that a small second fleet enters the fishery, and engages in harvesting
al constant effort thronghout the season.  Suppose also that the invader’s harvesi
s confined to the international zone, and occurs early in the season, prior to any
harvesl. by the incurnbent coalivion.  'We shall assume {lor now) that the regional
coalition, lishes only o the member-stales” ERZs, and ask [or ils optimal response to
the mvasion.

As In our previons stalic model an aggressive competitive responsce of the incumbent
coalition would be Lo fsh-down the slock preemplively, thereby making harvesting
less profitable [or a potential invader. Dut this strategy also makes harvesting less
profitable for ihe incurnbent Qeet, even (as we shall sce later] when the preemptive
harvest is confined to international waters and compensated for within the FIi%s.

It thus should be clear that such an aggressive strategy by the incumbaent fleet 1s
particnlarly inappropriate when the invading fieet 15 small, constituting only a minor
cornpelilive fringe Lo a much larecr establishment floct. Overharvesting to avoiding
ihe relalively small cost resulting [rom the prescnce of the fringe vessels imposes
incurring a much larger self-inflicted harvesting cost to the incumbent fleet itself.

By contrast, let us examine the optimal strategy for the incumbent [eel, i1t elecls
to eoezist with a small competitive fringe in the fishery., For simplicity, assume thal
the harvest occurs sequentially, with the fringe fleet’s harvest taking place prior to
the entry of 1the incumbent [eet.

In this case, the effective stock-reeruliment relation observed by the home floct

=1



becomes

R = G(8) = £F(8),

with £ < 1, where Rt is the porlion of the recruitment which remains lollowing the
fringe harvest, Substituting & for # in the above monopolisiic policy equalions casily
shows that, while the incumbent fleet will cut back its harvest level, nevertheless the
total harvest by the two fleets will be larger than the monopolisi’s oplimal level. In
particular, the optimal corgpetitive escapement S# will be lower than the monopolist 's
optimal escaperment:

5% < 8.

Thus unit harvesting costs will be higher, so thal net return per unit of harvest wiil
be lower.

Actually, the impact on the stock likely will be even grealer than 1his analysis indi-
cales. This 1s becanse (taking account of “sunk costs”™ in Qeel harvesting capacily),
the mcumbent flset will not immedialely ent back ils efllort level. but will continue
to fully utilize its toval fleet capacity, which will deteriorate only slowly.

These results are not surprising:  Lhey merely corroboratc Lhe pencral expectation of
inefficicney of competing harvests of a common pool resource. However the analysis
underlines the important fact that any activily which significantly decreases fish stock
levels will decrease individual harvesting efficiency of all vessels, {riend and [oc alike.
1'hus normally the cumulative cost to a large incumbent fleet will greatly exceed Lhat
to a smnall [ringe invader.

This outcome depends wory much on assuming that the two fleets meet on a “level
playing field”. Bul in [acl the competition normally will not be a contest between
cquals. Thore are nsually circumstances present. which favor the meumbent. We turn
next to an examination of several of these situations, where the iIncumboent fleet may

be able to exploit asymmetrics in the harvesting gome, and 1urn them to advantage.



DISTANT-WATER FLEETS AND PULSED HARVESTING

Prior to the introduction of the nationzal Extended Economic Zones, powerful
distant-water fishing Heets (DWFHs) roamed the coastal seas, seeking targets of op-
portunity. Typically these fleets practiced pulse harvesting, heavily fishing-down an
abundant stock along a particular shore, and then moving on to harvest elsewhere-
waiting for the depleted stock fo recover before returning to exploit it again. Thus
their exploitation pattern in any given fishery would tend to be of a periodic pulsing
nature, rather than a steady annual harvesting,

With the establishment of the EEZs worldwide, it was expecled that these wide-
ranging flects wonld siply be replaced by the expanding natlonal fleets of the coastal
states. Instead Lhe older vessels olien were not decommissioned, and the result has
been massive excessive harvesting capacittv worldwide. In this circumstance it is
entirely natural that distant-wabter fieets, being excluded from the extended coastal
economic zones, would now concentrate their harvest effort on the high-seas portions
of straddling stock ranges. This indecd has come about, and stocks in many such
areas have been severely depleted.

An example is provided by the rich groundfish stocks in the Bering Sea, formerly
harvested mainly by the US, Russia, and Japan. Creation of the US. and Russian
BEEZs also created the “Donghnut Hole”, a high seas portion of the range which is
entirely simrrounded by nationally-managed waters. The Japanese fleet, now banished
from ihe EEZs, has concentrated on the Doughnut Hole, and in a few years badly
depleted the stock there. There 1s now little interest in further Gshing in the [Tole, bt
restraint by the IS, and Russian flects can be expecled to rebuild the stocks, Thus
this fishery too might expect to become a targel for a pulse-lishing distant water fleet.
A naiural preempiive strategy on the part of Russia and the United States would be

to set up a Regional Management Organization, to coulrol third-party harvesting n



the Doughnut Hole.

Ancther example is the important Southern Bluefin Tuna fishery, partly in Auns-
tralia’s BEZ and partly on the high seas, where the stock traditionally has becn
exploited by Japan and Lo a lesser degree by New Zealand. Al this time the stock
18 not believed to be severely over-harvested. However recently other countries have
begun high seas harvesting, notably Indonesia, South Korea, 'tuiwan, and even the
LT, imcreasing the likelihood that uncoordinated future harvesting might lead lo
stock degradation. Thus one might expect that Anstralia, Japan, and perhaps New
Zealand might imtiale cfforts to establish a joint management regime which, in accord
with the siraddling stock agreement, then would regulate the entire Southorn Bluefin
rATIZe.

Once a Reglonal Management Organization has been established, the original mem-
bers naturally would prefer to exclnde harvesting by any others. However, in the
absence of coercive controls, one can predict that high seas harvesting by non-member-
slates oventually will become again a problem.  As depleted stocks arc rebuilt, na-
tional [leels of outsider slales may well be tempted to return Lo exploit the open
access (ishery on the high seas porlion of the range.

Such a non-meinber stale may very likely express an interest in joining the regional
grouping. However it will wish to cnter on favorable terms—terms that necessanly
will adversely affect the harvest quotas already assigned to current mernbers. Thusa
natural strategy for the applicant will be to continue its independent. harvesting while
it negofiates a stance which will ensure it immediately profic while simnitaneonsly
enhancing its bargaining position over the nltimate torms of its entry,

We shall undertake to model the strategic aspects of snch a confrontation. We
begin, however, by reviewing and cxpanding on analysis ol a model by William Recd
(1974} —+ce also the rolatod model by Jaguette (1974)--which can be applied to explain

the carlier pulse fishing by distani-waler-fleets, prior to the creation ol coaslal states’
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FKxtended Economic Zonss.
Monopolistic harvesting

Here we review the characteristics of the two Heels, apd briclly describe the
modus operendi of each when it harvests monopolistically. Their respective bionomic

stock levels are defined as
9% = c./p and S5 =cs/p.

Neither flest will harves!, when the slock level is below its brenk-even level.

The distani-waler lecl’s seasonal harvest return function I1,, includes a fixed cosl

of entry «:
B
. = H[B.(t) — S.(8)]- {] TadS — ra} :
Sex
wilh
: 1S <R
HIR— 5] =
0if §=1,

while that of the incumbent fleet does not:

by
Hﬁ = / Tﬁdﬂ.
S

Here, for ¥ = @ or 3, 7,{5) is monotone decrcasing, with 7,(5%) = 0 at 82, the
bicnomic stock level, wheore by assumplion 0 < 57 < K.
I'or cach fleet, the long-terrn objective s to maximize the discounted sum ol net

annual returns. Respoctively?,

.. Halt)
I’IT’I[RO-(G)] = E AIFLH[RCM(E’) - St‘e(f’:l] . {/ Ty — K
-0 Ha (1)

*Henceforth the dS-notation in ihe integrals is skipped to improve the appearance. That is,
fwdS — [

11



with
Ry((+1) = FISa ()]

and
Ha(t)

GalRa0} =Y [ e
L—0 5

alt)
Consider now the characteristics of an optimal harvest policy for one or the other

ol these [lects, when it 1s able to operate as an wnopposed monopolist in a seasonal
single-stock fishery.

If the S-flect operates as an unopposed monopolist, so that stock-dynamics [ollow
Lhe pattern

Rs — 55— Hj = F(5s),

then the opfimal F-harves, policy s known to be a policy ol most-rapid approach fo

a targel escapemend S;}. That is, in a season when F-recrultment i1s Hj,
53 = min[S§, Rgl.

Tt is well-known that the optimal targel cscapernent satisfies the marginal rule (the

so-called "golden rule”™ ).
";"FF(SE) = ?Tg[LST_;]f?rﬁ[F[S;)].

We assume that the solution 53 of this cquation satisfies S < 53 < K, 5o lthai the
[ flecet can indeed harvest profitably as a monopoly.

For the distant-water «-feet, harvesting as an nnopposed monopolist, a somewhat
more cormmplicated harvesting policy is appropriate. Indeed, the o-flest. will nol enter
in any piven season unless the resulting long-run enhancement of payolf, that would
result from that entry, would exceed the added fixed-cost which would thereby be
inenrrad.

It was shown independently by Reed [1972] and Jaquette [1672] thal the optimal
policy for vhe monopolistic w-fleet 1s a so-called (ga,ﬁa)—pol'f}cy: which specifies bolh

12



a torgel escopement Sa > S? and harvest threshold ﬁ,z > 8, Yucha poliey requires,

for given recruitment K., that

N “ E’;::t; ]f ﬁu f:‘: Hcr
S = Ballai S a) = {fga._ if R, < R,

-~

Note that we have specilied the equalily of these two expressions for U, at B = H,.
That is, the threshold recruitinent level f?\.& has becn chosen so that at that level the
a-ficet will be indifferent between entering or not entering,.

Onee again, we specify that

DS, <8, < B, < K,

which, for the assumed characteristics of the stock recruitment relation £'(S), will
assure thal the o-flect can harvest profitably {in a periodic pulsed fashion) as a
monopolisl.

Indeed, let FM{SY) denote the n-fold composition of the transformation £ with

itsell] Lo
Fi(S) = ;. F(S) = F(S); FE(S) = FoF(8) = FF(8)): ete.

Since f' is monotene and concave, with a single [ixed-point at K therefore, for 0 <
S« K,

FY(8) « prell(g)
and

lim FI%(8) = K

Fo—H0a

It follows that there is a unique integer N > 0 such that
FIN G < B, < FIM(S,).

Furtkermore, as we shall show, under monopolistic harvest by the a-fleet, the

dynamic irajectory of the fish stock, from any initial recruitment H., will lead to
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a cyclic steady-state pattern of harvest, of period N. For example, for % = 3 and
R, = R . the nitial fransicnt and subscgnent steady-slale paltern of recruitiments
and subseguenl escapcments is lustraled in Figure 1. We shall refer to the integer
N as the periodicity of the given {qﬂ ﬁﬁ} -poticy.

(Yiven the fact of periodicity, it is easy to determine the optimal (.. B, )-policy for

the fleet. Tterating the steady-state paifern, it follows lhat
1 FNI(S:)
UL [FNS,)] = = / Ty — b
T —~ A

Furthermore, for any R, > B, one has

fa . i 1 FINI(EL )
UalRa] = / 7o + UL [FW(E,)] — / T+ —% / Fa— -
. R 1T — = -
JFINIE,) PN (83 ! 4 By

Making explicit the dependence of {7, upon bm wo nay compute that

. = 1 cd e .
3&}‘:[«"0:(3&?8&} = l—’)fw {F\qu Fe W](b ) [ [“'I( ]_TQ(S )}

Optimization ocenrs where
8_@& {.‘r& (Hﬁ ] Sr"r) ==

and hence §& = 5N as defined through the fornmla

v ; T S2N)
Y FINI(5y = —-—-——ﬂ“
T T TR

This is simply the golden rule for a pulsing harvest of period &V: the N-pariod stock-
recruitment relation is FINJ(E{?} and the N-period discount factor is ™

It retnains 1o cornpute the threshold recruitment Fi&?which we are assuming lies on
the mlerval

FO(GY < R, < PNV,
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As noted above, 13, 1s characlarized by the requirement of continuily ol the ntility

function U,(Ra.) there. Using this condition, and the above explicit expressions for

utility at R, = I‘(H}} and at #{5,), we have that

<= et [ G - PR =

1 . q—_N- R Iruufxﬁ"l ) _{','[_l"\.']{‘c’n-;'\')
m | T — T 4+ (Alr_.?\' e
1 '.‘If' JyeN SN geN

Competitive Harvest

We assume that, in the competitive selling, the incumbent, lleel continuces to choose

a most-rapid-approach policy, targeting an appropriate escapement Ss, where

Hence the a-fleet will “see™ an effective stock-reoruitment relation S, — RI =

(70.]54] :
R} = GalSal & F[Ba(Su; 85)] = F[min(Su; S5)] = min[F(5.). I(S5)]-
Morc gencrally, across n periods
GP(S,) = min[FM(8,), F{8s)).

We shall also assume that, cven in the presence of an incumbent competitor, the
a-fleet will choose an (gm ﬁuj—policy, with appropriate tareget and threshold and such
thal

0< 8 <8, <R, <K

As noted belore, [or any such a-policy there is a unique N 2> 0 such that

-

8. < KNGy < B, < FYI(E,),
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In the presenee of the cormpeling a-flect, the incumbent 3-floet facos Lthe effeciive
stock-recruitment redation Sg — R} = Gs[Se]

et

8, R, < H(S),

R _ N
.’“l:.‘_'-):q) il f"‘(b‘ﬁ) = H'a'

L= G(Ss) £ S,[F(8a), S, Rl 2

Ilere explicit notation of the dependence of (73 on §a; Raj has been suppressed.
We turn now fo an analysis of how the relative sirengihs of the fleets will condi-

tion the oulcome of their competition. Specifically we must characterize the Nush

cquilibrium policy profile (or profiles), of the form

{[5‘?&? ﬁt‘x]: ‘§d}

ihal. are consistent with the circumsiances of the long-run competition, and that
worild determine the consequent dynamies of the fishery, As it turns out, the culcome
depends primarily on the size of £'(55) relative to the interval [R,, FIVi(S,)] 1 We

shall see that, atter an imtial {rangient period, then

i i, < NS, )< F (2;5-) then the J-fleet will be excluded from the fishery:
B, <F

,§ < F '-N'*-I': ), then the fleets will coexist in the fishery;
and il F(5,

{
(Sg) < Re s FNI( n} then the a-lleet will be excluded.
We shall examine each case In turn.

a-Fleet Dominance: &1 (5 g < R, < FIVi (Sa) < F(59).—

Assuming that

-~

S, < PN UE Y < B, < FMI(E,) < F(S5)

Then also
Se < FIN(R,Y < 8.
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Hence, following a brief transieni period, a sleady-state pattern will develop, with
only the a-lleet harvesting and a period N repeated patiern of recrnitments and
subsequent escapements. The case for N = 3 15 illustrated in Tigure 2.

Tteraling this steady-stale pattern, it follows (as for an unopposed a-fleet monopoly)
that for any K, > ﬁ,{,

Ao 1 £ (8,)
er.:[Rﬂ‘:] = / N ﬂ—.:y ‘l’ ﬁ ]: ’.'Tu — K
F'N](Sa} - ’i’ Sa

As in that case, the oplimal choice of target escapement may be found by differenti-
aling this expression partially with respect to S,. However in a competitive harvest,
beeanse of the expected reaction of the competing J-fleet, there is an additional re-

striction on the feasible set of values of 5, namely that
FIN-U(S Y < S,
Thus optimally
8o = min[S2V, FU-NI(S,))

where 82" is, a= before, the target escapcment for the unopposed monopoly.
On the other hand, note that a payoff to the F-flect, under the present scenario,
can ocenr only within an initial time interval, during which B, > §3 Thus

o
LF(HH_. SJ:] s / Tl'lg.
/3,

This payofl 1z optimized, under the assumed constraint that

ﬁcu < F(*E;}j):

by making §3 as small as possible. Hence

5y = Sy,



Finally, the choice of the policy (5;&, Jﬁfm} determines the corresponding fixed cost
#. Recall that the threshold reeruitinent level ﬁu has been chosen so that at that

level the a-flect will be mdifferent, between eplering or not entering. {Ience

B . .
[ Fo — £+ AL (8] = Ua[F(Ra)]
S

1 — AN [ pk, FiRa]
K= —— My — ¥ T
a3 h Ct
1= g, L&,

Note that, for fixed N and S, this expresses & as a monotone increasing funetion of

o

and =0

(G
+ / T

e

R, on its interval of validity

As a special case, the policy profile
{[85% (w). B (w)], 531

where

FIF(8mMy < RNy < FIVM(ST) < H(S3),

constitutes a Nash equilibrium, with the F-fleet excluded, aflter an inilial transient peo-
riod, and the a-fleet operating monopolistically, entering periodically with an optimal
pulsing harvest of period &V,

Different N-cycles are possible for each &, and it is not indifferent which one is
chosen. As ¢ is the one who produces the cycle, he can choose the one that 13 oplimal

for him. Typically this will be the cyele with lowest V.

Coexistence: R, < F (E;r;} < FIN(§ ). —
¥
S, < FW-(G)) < R, < F(&5) < FIMI(E,)

18



Lthen also

™ (8. < FRU(R,) < 5y < IV U(5,)

In particular,

for N = 1, 8,<8,<H,< F(Sp) < [(S,) and

-

for N > 1, 8. <8< #US) < Ra < F(S5) < FWNS,).
Cocrdinating on such a policy-profile will lead to an ¥-period steady-state in which
both fleets participate i Lhe harvest. The evolution lor & = 1 1s illustraled in Iigure

3. and the evolulion for N = 4 is illustrated in Figure 4.

LFor an arbitrary iV, )
FiEs)

P, 1
Ualf7(Sa)] = T~ j Ta

.

L

and for K, = ﬁm

e . Ha | F(Es)
U (RJ) N ] s e + s [F(Sq:}] - _/ Ty + 1 N / e
4 — oy -

(5] 1(8s)

T

Noting explicitly the dependence of {7, on the target escapement §m and diflerenti-

ating the lasl expression by this parameoter, then

Bz Ul R, 80) = —ma(82)/(1 —+).
We have

F(85) 2 By > FIN N(E,) » §a = FO M5,y < 8, < FEN(G,),
Therefore the Grst order condition establishes an c-optimal cholce of g@ as

o = mwin {FE0(3,) — e ma (81 FO(8,)) |

where ¢ = 0 corresponds to cxelusion of 3.
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Likewise,

1 — oIV

. L NI
GF (8] = = | e

5

and [or Bz > §5._

Hp
IjrgliRg) :f

PR (E)

Ty + U;}[F[h" I](So;}] = f Ty -+ 1_ 8 ﬂ T .
o~ 3

FR-(Ea) 7S5,
Then
85, UslHs, Sy = —mal 8}/ (1 = 77),

and, under the consiraint that
Bo < F(3g) and FO0(E) 2 5
the optimal cholce of ﬁg is
Sy == max! 5%, F! 1'{§a}]
and Sg < FVIHG L T follows, in particular, Lhat if
FY IS < R < F(SE) < FRI(ST),

and if

=
[l

/ b {ValF @) - TalF(Ro)l | =

EL FIESL EI(82)
[ W — 7Y / Tl + ﬁ.ffl\l ] T
Jye J &y

5
then the policy profile {[S2, ﬁg],sg} will provide the unique cocxistent, period [V

l — q_,}\."

1—~

Nash cquilibsium of target/thresheld ivpe corresponding to the fixed cost K.

A-Fleet Dominance: F(5,) < B,.
When
F(8) < R,
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and S5z = SB then, following an initial transicni periad, the a-lecl will be excluded,
and the J-harvest will attain « stoady-state wilh escapements S5 (nol necessarily at
the monopolistic level) and subsequent. recruitments Rs = F{Ss).

In fact, the above nequality implics [or an V-cycle Lhat
|§ﬁ < F-[N ]](-Jga):

Hence a typical pattern of escapoments and subsequent. recruibments for N = 3 and
F{5.) < &g terminating in a steady-stale single-period cycle which oxcludes the
a-fleet is illusirated in Figure 5.

Clearly

and for fg = §.j,

Ra -~ A Y ‘E('c:“.l'l }
Us [R,-a] = j - sk ~+Us [F ( ,.ua)] == ﬁ Tg+ —— g
o 5,

- = -

a i 8
Making explicit the dependence of £z upon 54, and differentiating the lasi expression

partially by S .
- = 1 & G &
53.;30;5{}%.5, S_@) = !Tf-,e {—T:’_gl:-f)ls} + ".-"Ff(a_ 5}?’1’;—5 [J.[" (bﬁ}]} '

Thus the first-order condition for maximizing Us[Rj] over 85 < §.3 < Ir [_H{Ea) 13
that
5y = min[Sy, #T V(H,) — €],

On the other hand, for B, > R,

|Rn_
U1t = ﬂ .

-SQ
Hence an e-optimal §& 18 as small a8 possible. In pariicular, the policy prolile
{[Sa, Ba(w)]. S5}
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constitutes a Nash equilibrivm. Here the related fixed cost for the a-fleet wall be

R _ R R4
o AR ARLACA B B

A Jss o
DETERRING THE HIT-AND-RUN INVADER -EXPLOITING THE
EEZS

The incumbent flect may have a more powerlul Lool, wilh which 1o tip the
balanec of competition in its favor. Neamely 1. could explat the fach that it has
the exclusive right to harvest w the EEZs.  To llustrate, let us suppose that the
migration pattern ol a straddling stock is such that its nursery arca is in the national
watcrs of an EEZ, and that only a portion of the maturing stock migrales out. Lo the
international zone. There of course it 1s subject Lo harvest by anvone. Aller a perind
of time, but before spawn, the high seas porlion moves back Lo rejoin the remaining
stock 1n the ELZ, where it will be subjocl only Lo incumbent. harvest.,

The home fleet has a long-term mterest 10 this [ishery:; so that its objective
includes the discounted value of anticipated future returns A foreign fleet, which
annually seeks out targets-ot-opportunity on the high seas, may enter the international
zomo of this particular fishery, but will harvest. here only if the reward for doing so
cxeoeds the potential return from harvesting clsewhore.

A plausible ncumbent fleet’s response strategy might then be lo move pro-
emptively into international waters. There 1t would fish-down the migratory stock,
so as to deter the entry of any potential foreign 1nvader. The incumbent conld then
mitigate the effect of this overharvest by culiing back the scale of 1its subscquent har-
vest in the home BEZ, We have modcled 1his scenario, o cxamine the trade-offs that
are being made. The stock development in this model is illustraled schomatically in
Figure 6.

Escplicitly, the initial recruitment stock B divides into two parts, with a fraction



# moving into the international zone and the remaining fraction ¢ = 1 — # remaining
in the CEEZ. In the upper (international} branch of the diagram, the fractional re-
cruitment #1F is fished down to S by the incumbent G-fleet. The foreign a-fect then
enters. bui only if the stock level Sy that it will encounter exceeds a cerlain threshold
level B, If It does enter, Lhen 11, will iish-down the accessible stock to a very low level
(since 1t disconnts the future complotely), say to 8, << B,. Thus the escapement

from Lhe high seas OGshery will be

-~ S0 if o-fleet enters;

Ss 1f e 13 deterred.
Within the regional [TWZ (shown as the lower branch in the diagram), there is no
harvest until the residual straddling stock has returned Lo home waters, to augment

the domestic stock. The home-waters recruitinent thus s
Ry = S, + 8, =5, + PR,

Finaily, the home #-fleet harvests down to an cscapement 53 < Ra, a level
chosen to achleve the oplimal balance helween present and futnre returns.

Within-season payoll 1o Lhe F-{leet 1=

32 Hg
/ wma+f waly)dy.
S Slﬂ

the sum of its harvest returns from high-seas and home waters.
If the a-ihreshold is precisely known and constant, then the G-fleet optimally

will always wish lo exclude its rival fom entry, and will do so if it can — 1e. if

H

144

B..

We shall concentratc on this case first.
{However we mention in passing the more realistic siination where B, is stochas-
tic and furthermore cannot be predicted with certainty by the S-fleel. In that cir-

cumstance, the G-fleet normally will wish to choose an intermediate lovel of harvest
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escaperment. Sp, a level at which the a-Heet will somelimes enter and sometimes be
deterred. )

It is insiructive Lo compare Lhe outcome of competition with the monopolistic
outcome when there s Lhreat of invasion, In either case the hshery evolves quickly
to a steady state pattern

{§~3 ﬁ]!

with 5;,3 the target escapement level and Ii = F(E;J) For sirplicity, we assurne that
the home fleet’s harvest payoff, at any piven stock level S, is always higher at home
than on the high seas:
me( S} < wal9).
This implies Lthal, when there is no threat of invasion, the home fleet will op-

erate rmonopolistically, axclusively in home waters, and setting an escaperment target

5%, according to the usual marginal rule that
73(S5) = wa(Ry) - vF'(55),
wiith
RS = K(S;).
On the other hand, when faced by the threat of forelgn entry on the high seas,
the J-flect may (unless the foreign Hoel's entry threshold is extremely high) find it

oplimal to divert some ol 1ts own fishing to international waters, in order lo deter the

interloper’s enlry. There are several possibilities, depending on the size of the ratio
A .
Rcri{. = -Rcz;"r(}

111 (Ra \ ﬂ)-pmﬂmel.(-:r SR
If the a-fleet’s entry threshold £, is high and/or the high seas siock {raction
15 small. so that

R < Hepiy,
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then the f-lleel can conlinue to [ollow it's monopolistic harvest policy withoul fear
ol w-entry.

On the other hand, il K,y is small, then the o-fleet’s competitive position is
strong. In this case, lotal n-exclusion will require establishing a new escapernent
La_t'ge‘r..'n)

S'jt (Rcrﬁ- ¥ {” :

and transferring enough -harvest to the high seas that the 3-fleet’s Aigh seqs escape-
ment level becomes

-
P E;J == HQ;.

(This can be achieved if Sf exceeds S5, Lhe A-llect’s high-seas broak-vven level.)
The Home-ground target escapemoent now 1s doelermined by a new marginal
rule, namcly

i o 1 e
wa(SE) = |0 me(OR™) + ¢ ma( BT}, - vH7(S]),

whoere

R* = F(8%), and R} = R, +¢- B*.

This rule equates the return from harvest of the marginal unit at the end of the
cnurrent season with the return from maintaining that marginal unit in the brood stock,
to cnhanced recruitment on both high scas and home ground during the following
BSOSO,

For this marginal rle to be applicable, there must be positive harvest in both
branches ol Lhe fishery; hence necessarily the low-threshold rule is applicable only
when

.H-m-?:; << H-#(-Rcrit; 9)*

$#-notation i= nsed ouly when the F-fieel must harvest both al home and on the high-seas; thatl

is, when facing strong competition, see I'loure 7.



Since always R¥{(Rp, ) < R*, there is a level Rey = R* (6) at which high-seas

ETEL

J-harvest pinches out. Wilhin the inlerval

RY(0) < Ropse < I

it

netther the Sg'i {Herge) targel nor the S} target Is appropriate.
Instcad a third target escapement S; becomes appropriate. It satisfics the
relations

5 = B8R,
implying no high-sea harvesl and
K= F(gg) = Hepit;
or oquivalently

Sﬁ: f ](Rcrvjt_}-

This equilibrium E(RN&) obviously coincides with, respeclively, BT (#) or R* at the
left and right endpoints of its inlerval of applicability.
We have pointed oul Lhat the incimbent #-Heet’s position may conceivably be
quite weak—indeed that when
R, < 5

it will be unable to deter a-enlry without seiting its high seas escapement. al a level
below it’s break-even 55. While this might be acceptable on a few occasions (lo
prevent a catastrophic stock draw-down by a one-time potenlial invader), an on-going
policy of preemptory high-seas entry would be a very expensive lorm of Insurance
against an ongoing threai. The whole picture of the hit-and-run model is illustrated
in Flgure 7.

But the home fleet might develop an ability to respond quickly and ageres-

gively, only to each actual invasion. The game would then become onc of bluff: It
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the regional coalition could develop a credible reputation for aggressive response, it
might well frighten off potential interlopers. Such a policy would also have its costs:
Not only would it require the maintenance of an cxpensive response capability, but
also its very implementation would require a stock draw-down that might be highly
detrimental to future stock productivity. ‘I'hus there would remain an incentive to

develop a more effective means of deterrence, or Lo work oul a cooperative solution.
Details of the hit-and-run model

Let us now look at the mare technical delails of the hil-and-run model. We begin
with the dynamic programming equation {DPTI), which assumes no o-lect enlry;
R Sa | wlt
V[R] = max ] e + f wy 4+ V][F(S:); ¢,
bg_..‘_‘!‘ﬁ Sy E"_.S

whero

=g
M

S < R and
.Sj < 'S‘,S S: _{iri = ,Sie —I— (J.‘:']R‘

We maintain the assurmnption that [or all &
wp(S) < ma(S5).

This has the following consequenee: Consider a pair of controls {5, Sat, feasible in
the sense of satisfying the above confrol-consirainis. Suppose also that Sy << 013, so
that there 1 a high-seas component 1o the specified harvest.  Then the pavoll can
always be increased by increasing the high-seas escapement Sz-that is, by transferring
a part (or all] of the original high seas harvest to home waters. Indeed the component
that is transferred from the boltom high seas slock will be harvested instead to the

top level of the home watcrs stock, and
Te(Se) < wa(Sy + o R).
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With this in mind, consider now the situation of an unchallenged monopolist
G-fleet. Clearly, from the above considerations, it should restrict its harvest entirely
to home waters. Therelore its policy problem reduces to solving the reduced DPE

I
VIR = maxd [t VIFISA] .
Sa By
with

S5 < $y < B,

The well-known solution is most-rapid approach to vhe optimal target escapement
5%, Le.
Sz = min[i, S,

whore

YE(SE) = 7 (53) /7 F(S3)]

Iowever, when the F-monopolist 1s challenged—i.c. when there 1z a potential for
invasion by an a-flect—an response adequatc to prevent such entry must satisfy an
additional constraint: Nainely, exclusion requires that the high-seas stock level [acod

by (he potential invader rousl lie below the invader’s entry threshold:
S['F E R‘clz'

It may be possible to meet this additional constraint by harvesting exclusively m
home waters, i.e. by selling

Sg =#HH.
But the new constraint then implies that

OR < R,

or equivalently that

R E RL"I"&:', = u//'f}
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Conscquently 11 requires thal the home ground cscapement I should [all below the
crifical level A In particular, the monopolistic policy, of most-rapid approach
10 the sleady-state {S%. B}, will meet the new requirement. snly if the critical ralio

Rt = By /0 15 sullicienily large that,
AT = Rc‘?‘il‘.'

(Note that £* itsel is independeut of both #. and #.) Whenever this condilion

holds, the monopolistic policy remains optimal

The case when 1., < ™.

When .. < A", the Incurmbent feet must seck an alternative policy, one which
involves also some harvesting on the high scas. High-seas harvesting will be neccssary

only in seasons when recruitment £ i large compared to the critical level, ie. when
A

so that R, < #R. Fuarthermore, since home-waters harvesting is more efficient, high-
seas harvest should be limited to the mindmuem necessary [or g-exclusion [Only in
that case can payoll [ail to be improved by shiliing some harvest, to home waters.)

IIence high-seas F-escaperment 5y must necessarily satisty

< A
Sy — Sg = min[fR,R,].
This implics that,
- R, +alt if Foy < R
I v E Rcwif,

depending on whether or not high seag S-harvest is necessary,

These considerations lcad to formulation of an optimization problem for a resfricied

two-location harvest. In dynamic-programiing [ormat,

_ O Fa (R) _
ViR, = max f we+ / 75+ VP8
@ g .

] Sa
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‘I'he amnalysis of this DP equation falls into four distincet cascs, depending on the

current recruitment Rand the (£,,0) parameter configuration.

Configuration 1) The 5-fleet harvests on the high scas but dees not harvest
at home: Thus

Rcri:‘. < R and S‘rll-_g e ﬁ"-ﬁ{R}

Frem this,

S5 = R,, and

S5 = R.+oR.

The DRI bocorines

V[H] = {

The dyname assei-value equation thus is

d R
/ o+ YVIE(H, + qéhf)]} .
[

MR) = O074(0R) + vo I [S5)A[F(Sa)],

and there is no associated sleady-state.

Configuration 2) The J-fleet harvests neither on high seas nor at home:

Thus
< Ry and S5 = R,_-;(H)

From this,

.SU - HH.,
Sy = Iig(R)=R

The DIP’E hecomes
VIE] = VI (R,
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and the dynamic assct-value oquailon becomes
ALR] = A (A).
Again there is no steadyv-state associated with case 2.

Configuration 3) The S-flcet harvests both on high seas and in home

waters: Thus

By < I and 55 < Ra(fﬁ}

Since R, < R, therefore exclusion requires Sy = R, Also
Se < Rg(B) = R + ¢R,

Hence the DDPT reduces in this case to

HR RotoRR b
VIE] = max / ot / ro+VIF(S)] b
g A R Sa ’J

Ihlerentiating the bracketed quantity in this 1P equation by the control $5 vields

the optimality cquation
F(SE) = mlSE)NF(ST

Note that this optimal cscapemen. is constant, independent of R within case 1. Like-
wise choosing Sy = Sf and differentiating the DPPE by the state variable R yields the
dual dynamic equation, for the marginal asset-value A(&) = d/dV(R) :

/"\(R) == Wrmi:a:(Hj 2 #g [SR] +- dy‘—rf*[ﬂa + @RJ]

If there exists a sfeudy-state {Sf ) g, B¥} conforming to this case, and for

which

R = FS]]
8§ = R, <8R*,
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then necessarily

is given by

=
T
Pl

_n
Wi
o

S a5 . -
(8g) O (A RY) + (R, + o FF)

Obscrve that

SE(Ra,0) < 5.

Indeed whenever Sy < 043
859{:} = —iTg (Sa:] + Trl;g(R;g) = ’.‘Tg(Sg} -+ ?Flg(f)‘g) =0,

and hence thai.
Teniz{ £ < 87 a[Ba] + dmalBa] < 7 [BF (R.)],
Comparing the delining eqnations lor S;’L(RQ) and S, we conclude that indeed 5 T{R.) <
5%,
Bul then also
SH(R.) < B < K,

confirming that the triple { ‘f;f . .5’3;, R#L Al 1l conforms to the conditions defining casc
1, does indeed determine a steady state. Purthermore, for any | one has optimally
that 95(R) = 5§F. Comparing also configurations 1 and 2, we conclude that for any

initial recruitment £,
Sy = min[&,. HH"E'_I];

Ss = min[S]. Ry + @i

Configuration 4} The S-fleet does not harvest on the high seas, but only

at home: Thus

R < R and S5 < Rg(R).
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Since R < R4, therelore Sy = 88 and Ba(R) = R.. Also
S"‘ <R i R‘c'ri&'

The DPL therefore becomes

g
VIR] = max {[ Wy + ’yV[;‘"(S_@ﬂ}
43z

Sa<kt
The oplimality equalion 13 again

Y (Se) = we(Sa) /A F(S5)).

and the asset-value equalion becomes
AR = 73 R).

Consider a generating triple, {55, Sz, B}, with

There is a nnique steady-state corresponding to exch £ < K.y To determine which
of these will be optimal for the given A, one returns to consideration of the DPE.

The additicnal steady-state constraint on 55 Is that

Sy = FR] € F 'Ryl

The oplimizallon ineguality 1s thal,
Fe, {1} = —mp{Ss) + 1 F (S)AF(52)] 2 0

The giobal (or unconstrained) steady-state, with R = F'(S:), is at {55, R"}, and the
partial derivative 1s positive to Lhe leli of 8%, ‘That is, & should be chosen as large as

possible, consistent with exclusion of the a-flect.  Ilence, provided that R < BT,
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the optimal choice consistent with case 2 (harvesting only at home) is the steady-state
gencraled by {§95 5.-3, Jﬁ} where

s

R = Rt"rif,:
Sy = FYR], and

-

5% = 6R.
Sythesis of Results

Our analysis has revealed that, whenever the incumbent 3-fleet is able to exclude
entry of the potential invader a-fleet, the optimal F-policy is most-rapid approach to
a stable steady-state which is determined by the critical recruitment R.., = H./6 as
follows:

A) If R.s = R*, then the monopolistic policy
S = B8; and
53 = min[S}, A]
is optimal, and leads 1o the stable steady state {55,575, #*}, with B = F(S}) and
Se = R
B} If Ruys < H¥(H,,0) lben the iwo-region harvest policy
Se = min[l., 0RF(R,. 0)}
Sy = miniSF(Ra. ), Ko + ¢H*(Hy. 0)]
is optimal, and leads to the stable steady state {SF, 8%, B}, whore R = F(Sﬁ) <

R and 5% = R#
) If B*(R,,,8) < B, < R* then the policy

Sy = min[0R,.;, 0K]; and

Sy min[I" R, £)
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is opiimal, and lcads to the stable steady state {é;g gg;ﬁ}, where B = Ro. gy =
F Y{Reir) and S = 6 8erar.

CONCLUSIONS

Stalic and dynamic analysis both predict that barriers to entry into a regionally
managed straddling-stock {ishery can indecd be constructed within the harvesting
seclor, bul, that the erection of such barricrs will usually have substantial negative
consequences, both for biological sustainability and economic efficiency. An estab-
lizhed Regional Managernenl Organizaiion does possess cerlain stralegic advantages
which it can exploit in order to Internalize competition. These include the [irsl-mover
advantage of incumbceney and exclusive harvesting rights within the home-countries’
ERZs. But normally these advantages can be invoked only at high cost,

The analysis thus lends support to the thesis that the leverage needed to enforce
regional management control must be sought elsewhere, other than through the direct

application of economic power within the harvesting sector alone.
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Figure 1.
Monopolistic harvesting. The case of N = 3.
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Figure 2. The repeating pulse cycle in the case with a-fleet dominance. N = 3.
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Figure 3. The repeating pulse cycle in the coexistence case for N = /1.
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Figure 4. The repeating pulse cycle in the coexistence case. N = 4.



Figure 5.
The repeating single-period pulse cycle in the case with f-fleet dominance.
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Figure 6.
Stock development from one period to the next in the hit-and-run model.
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Figure 7.

Area 1: Strong competition. Home fleet harvests both at home and on the high seas.
Area 2: Medium competition. Home fleet harvests only on home ground.

Area 3: Weak competition. The home fleet can act as a monopolist.



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

