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Abstract:

The EU Marine Strategy Directive has a regionaufm its implementation. The
Directive obliges countries to take multiple usesd ahe marine strategies of
neighboring countries into account when formulatimgrine strategies and when
designating marine protected area (MPA’s). We wsaaytheoretical analysis both to
find the optimal size of marine protected areashwnultiple uses by multiple
countries, and to investigate the influences oftiplel use on cooperation. To this end
we develop a model in which two specific uses,digds and nature conservation, by
multiple countries are considered in a strategmiwork.

The results of the paper suggest that EU marineysuch as the Marine Strategy
Directive and the coming Maritime Policy may hetp decure the highest possible
benefits from these MPAs if these policies induoeperation among countries, but
only if the policies force the countries to considdl possible uses of marine
protected areas. In fact cooperation on a singlgeisnay give a worse outcome than
the non-cooperative equilibrium. The results alstidates that cooperation may be
hard to achieve because of defector incentives, thackfore if the current policy

measures should be strict in enforcing cooperairoall possible uses of MPAs.

Keywords: Marine protected areas, Marine reserves, Bioeconamodel, Game

theory, Fisheries, Species richness, Species-argas; Multiple use
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1 Introduction

The marine environment supplies several goods andystem services to society.
Yet it is also under increasing pressure from aetsarof human activities, such as
fisheries, oil & gas exploration and shipping. Txtract the goods and services
sustainably and to protect vulnerable ecosystemsegd to manage human activities
in the marine domain.

The European Commission is at the forefront in gadeding and exploiting its
Exclusive Economic Zones (EEZs). This is refledteds policies and new initiatives
such as the Common Fisheries Policy (EU [2009B8,Water Framework Directive
(EU [2009Db]), the Maritime Policy (European Comnoss[2006]) and the Marine
Strategy Directive (MSD) (European Commission [ADOAIl of these call for
ecosystem management, a holistic view and planaing regional sea level, i.e.
between countries sharing a common sea, such adldhb Sea. The EU MSD
explicitly calls for the formulation of integratesharine strategies by its member
states, which should “apply an ecosystem-basedoapprto the management of
human activities while enabling the sustainable ofsenarine goods and services”
(European Commission [2007] article 1.1 and 1.2nsequently we need to consider
regional seas as single entities, surpassing thedawvies of individual countries.

The necessary integration of the management platisviathin countries as well as
between countries, is far from being reached. Thenagement plans for the
individual member states’ Exclusive Economic Zor{fE&Zs) are not always in
concordance with each other (Stel [2003], Douvéral.e[2007]) and planning and
policymaking at the national level is often fragrezh since responsibilities for

different activities are divided between differeatganizations, institutions and
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ministries (Stel [2002]). The fragmentation favars attitude in which the effects of
human activities are considered in isolation, wherdhe effects are actually
interdependent and cumulative (Elliott [2002], ICRB03], de la Mare [2005]).

To manage our seas sustainably we need to deveddp dnd policy instruments
that are capable of achieving goals that have betat the EU level, and mitigate the
fragmentation at lower levels. Marine Protecteda&réMPAsS) may be such a tool.
They have been proposed for fisheries managemera fong time (Guénette et al.
[1998]) and more recently also as a tool to tablkbeliversity conservation, ecosystem
restoration, regulation of tourist activities ansl @ example of integrated coastal
management if all of these are included (JonesZp00

MPAs have limitations, due to their inherent statnd delineated nature versus the
open and dynamic nature of the marine environmédlis¢n et al. [1998]).
Economists are often skeptical about the effectamafine reserves as fisheries
management tools (e.g. Hannesson [1998], Ander3002]). The main reasons for
designating MPA’s that has been advocated by eunwmt® are uncertainties and
shocks (e.g. Lauck et al. [1998], Sumaila [200&Jany such analyses, however,
focus on fishing effects on a single stock undezropccess, and exclude the other
effects of marine reserves such as biodiversityseoration. Moreover fishing has a
destructive effect on habitats (Jennings and Kdi$898], Jennings et al. [2001],
Auster et al. [1996], Armstrong and Falk-Peters2®0B]) and hence areas that are
protected and where no fishing occurs may havesdiyp® effect on the growth rate of
the fish stock outside the reserve through habithancement and the preservation of
the nursery function of the reserve (Armstrong [Z0@rmstrong and Falk-Petersen

[2008], Schnier [2005a], Rodwell et al. [2002]).
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The multiple uses of MPAs and their impacts onrttegine ecosystem require full
cooperation among all countries that share a redjisga such as the North Sea. On
the one hand, strategic interaction and sub-optip@icy outcomes may occur
because in general no central authority exists ¢hatenforce cooperation on these
issues. On the other hand, if the various functioihmarine protected areas (e.g. in
terms of fisheries and nature conservation) aleetin the advantages of cooperation
may increase in such a way that self-enforcingergents can be formed.

In this paper we will analyze the problem of mu#ipuse MPAs by multiple
countries using game theory. This provides insights the functioning of marine
protected areas as a policy instrument for the M8®the Maritime Policy Directive.
More specifically, we will examine the size of MPAsat countries assign, when
these countries account for the effects of MPAdigiteries and species conservation
separately or jointly and investigate the effectptaying cooperatively versus Nash
equilibrium on a single issue when multiple issaesat stake.

Game theory has considered the strategic interabgtween countries in a general
fisheries context (see e.g. Munro [1979], Levhad Mirman [1980], Hamalainen et
al. [1985], Vislie [1987], Hannesson [1997], Arnaset al. [2000], Bjgrndal and
Lindroos [2004], Kronbak and Lindroos [2007]). Tiebated problems of public good
provision, international environmental agreementd anforcement has also been
considered both in terms of transboundary polluibatement and coalitions (see e.g.
Maler [1989], Maler and De Zeeuw [1998], Finus [3)0Neikard et al. [2006], Finus
[2006] and Nagashima, et al. [2009]) and in terfpassible coalitions for fisheries
management (Pintassilgo [2003], Pintassilgo ef24l08], Pintassilgo and Lindroos
[2008]). Game theoretic treatments of (marine) gotetd areas have received less

attention so far. Sanchirico and Wilen [2001] arehfiie et al. [2002] study strategic
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interaction, both between fishermen and betweehefraen and policymakers.
Sumaila [2002] devises a computational model ofgagsy an MPA as a differential
game between two agents. Ruijs and Janmaat [208v¢ Istudied the strategic
positioning of MPAs. They consider two countriese tlocation of MPAs and the
effect of different migratiory regimes in a diffetel game. Busch [2008] derives
some general conditions from game theory for teieddransboundary reserves to be
superior over isolated reserves. Our paper corgibto the literature as it considers
the combination of multiple use of protected are#th multiple agents: we examine
cooperation and defector incentives when multiglengs are present in a multiple use
setting, i.e. by considering impacts on fisheried aature conservation. Furthermore
the fisheries MPA model is improved to accommodidte habitat enhancement
effects of MPAs, and a conservation game is intcedyuthat uses standard ecological
functions to model species richness and consequaservation benefits.

In section two we present a game theoretic moda ithvestigates the issue of
multiple use MPAs in a multiple country setting tigveloping two separate models
of MPAs in a multiple country setting: one model fee fisheries case and one model
for the species conservation case. Next we linkségarate models and investigate
the impacts of this linkage of fisheries and nattwaservation. In section three we

provide a numerical example and section four catesu

2 Model description

In our model we consider a regional sea, such eadNibrth sea, that is completely
claimed by a number of countries. These countrees fdivided the sea in Exclusive
Economic Zones of equal size. In this sea therenlg one fish species that is of

commercial interest for fisheries, and this fisle@ps consists of a single stock. The
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other fish species, as well as mammals and beitthes no commercial value, only

existence value. We ignore effects of time and esptacfocus exclusively on the basic
mechanisms. Furthermore we are interested in daglgtstate and not so much in the
path towards that steady state.

Our fisheries model describes optimal harvestinfystf by a number of countries
in a common sea with a single stock. We analyzanipact of establishing an MPA
in a context where each country has a fixed shatha fishing area. In the fisheries
model the cost of the establishment of an MPA1iedaction in harvest proportional
to the MPA sizE We assume that assigning an MPA from a fisheppesspective
incurs no costs other then the opportunity cost$oodone harvest. For simplicity
monitoring and compliance costs are neglected. gémes of a country consist of an
increase in the growth rate of the shared stockigwoe an increase in habitat quality
in the unfished area. Such an increase cannot d&hed by conventional harvest
restrictions because it would only reduce the di/@shing pressure but not release
one area completely, from fishing pressures, towechabitat. This habitat effect of
MPAs is a public good since a single country behes cost while all countries
benefit.

The nature conservation model describes consenvadftorts by a number of
countries in the same common sea. We analyze tbacinof the total size of an MPA
on the number of species protected and the regultmsts and benefits. Each
country’'s MPA is a contribution to the total praistt area, but the added benefits
derived from the extra species protected by thisAMEcrue to all countries, making

this another public goods issue.
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2.1 The game on marine protected areas as fisheries
management tool

Our fisheries model assumes that there is onlyfishestock that is worth harvesting
from a commercial point of view. Hence the Beaf n symmetric countries optimizes
the harvest from a single stock, ignoring otherclstoand species. If countries
cooperate they maximize the sum of their profitdhey defect they optimize their
own profits. Country’s profits IT; depend on the harvest and the incurred costs. We

use a supply side model that assumes that thédonlest can be sold at a fixed price

2

P
N, =pH -G OOION Q)
whereH; is the total harvest of countryandC; are the total costs of country

We assume that countries are fishing a single dtskek that is uniformly mixed
over the fishing grounds and we model the growththaf stock with a modified
Schaefer production function. We assume that taesseompletely claimed by EEZ’s

and that all EEZs are of equal size. The total sfzhe sea is normalized to one, and

consequently each country has an EEZ of %e Each country’s fishing ground is

its EEZ.

In this model of the fisheries it is assumed thatquilibrium the harvest equals the
growth of the fish stock. The size of the marinetpcted area affects both the harvest
and the growth rate of the fish stock but for sikipt we assume that the location of
the reserve does not matter.

The total growth of the fish stock is modeled wihmodified logistic growth
function scaled such that the carrying capacityaésjane. Hence the maximum stock

size is also one. This growth function is:
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G(X,M)=R(M) X(1- X 2)
with R(M) the internal growth rate of the stocB< X <1, and 0<M <1 the total
area protected as marine reserve.

Setting aside a share of the fishing ground as rnmaeserve has a positive effect
on the growth rat® through enhancing the growth rate in the resafe.model this
enhancement as a coupled production function: iterrial growth rate isy in the
unprotected area andy(+ ry) in the protected area. This assumption is based o
increased recruitment that is achieved by incregi$ia spawning biomass through the
absence of fishing in sensitive areas. Similar fional forms for marine protected
area modeling have been used by e.g. Schnier (f0{Z005b]), who also modifies
the growth rate and Armstrong [2007] who modifies tarrying capacity as an effect
of MPAs. If we further assume that both stock aadying capacity in the protected

and unprotected area are proportional to area we ge

G(X,M)=1(1-M) X(l—%j+(rb+rM)MX(l—%j
=(f, +ryM )X (1-X) 3

=(rb+rMZ%Mijx (1-X)

with 0< M, <1 is the share of the MPA of an individual countrifEZ. The sum of
individual MPAs multiplied with EEZ size equals ttetal MPA, because each EEZ is

of size%. Consequently each individual MPA is scaled byélative size in the sea

such that the sum equals the total protectedMrea

To model the harvest we use a modified Schaeferekafunction:

H=Q(M)EX=nQ M) E X (4)
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with Q(M) the catchabilityE the total effort level an#; the effort level of player. In
a standard Schaefer function catchability is ampetar, but in our model catchability
is a decreasing function M. We use the following functions f@(M) andQ(M;):

Q(M)=q,-q,M

) (5)
QM) =()a —a (%) M
whereq, is the original catchability angl, is the catchability reduction caused by the
protected area.

Costs are assumed to be constant per unit of effort

C=ck (6)

2.1.1 Full cooperation on MPAs for fisheries

When players fully cooperate they maximize the sditotal profits:

max = maxy_ M, (7)

iON
with IT the total profits.
To obtain the steady state of the model we setatiaé growth equal to the harvest
and solve for the effort level Under full cooperation the harvest is equal te th

growth:

H=G(M,X)= R(M) X(1- X)= d M EX= X=1- (8)

Using the harvest function from (4) and substitytthe equilibrium stock given in

(8) we get the objective function:

N(E.M)=pH-cE= pqd M) E{l—Q(M)E]—gE 9)

with M the total size of the MPA. Taking the First Ordeyn@ition with respect to

effort we obtaifi:

10
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a—“=pQ(M)(1—2(Q(M)ED—cE=0 (10)

R(M)
If we substitute the equilibrium stock given in {@ck into equation (10), we get:

pR(M)(2X-9) - ¢ =0 (12)

Marginal benefit Marginal cost

which displays the standard components of a FOLdtatic fisheries model: the first

part of the derivative is the marginal benefit:iacrease in effort increases the catch
if X>% , and this additional catch is valuedpatThe second part is the marginal
cost: an extra unit of effort costs.

Similarly, the first order condition with respeotM! is given by:

B s o

If we substitute the equilibrium stock given (8) lrack into equation (12), we get:

pr,, (1-X)* - pa, E(2X-1)= 0 (13)

Marginal benefit Marginal cost

This clearly illustrates the effect of MPAs. The figgart of the derivative is the

marginal benefit of an MPA: an extra unit of praéetarea increases the growth and
consequently the harvest oy (1—X)2 which is in turn valued gi. The second part

shows the marginal cost of such an area in the fufrthe forgone harvest in an extra
unit of protected area, also valuegat
Solving equation (10) and (12) simultaneously weajeubic equation which can

be factorized into a quadratic and linear part swlded:

11
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PG,
(2pq, + ) iy £/, (1 (8P, + c) + 8pa, 1)
2pa I, ’
(P +26.5, + Py §)y/Cery (1 (8PG,+ co) +8pa ) (7 pa g b+ 2& £+ 7pg.q, pr)
26, GGy (1 (8PQ,+ G:) +8pa, ) (4pG £+ G+ 4pg, )

235

(14)

E =

236 The first solution is a corner solution, and depegdn parameter values the other
237 two may be corner solutions as well. To evaluate ihfluence of individual
238 parameters on the equilibrium protected area wehesemplicit function theorem and
239 the first order conditions (10) and (12) to deterenihe signs of their derivatives. The

240 derivatives are shown in appendix I, the signsablé& 1.

241 Table 1: Signs of the derivatives of equilibrium MR under full cooperation with respect to

242  parameters in the fisheries game

o oM oM oM oM oM oM
Derivative Ap ac. ar,, or, ACIM Aqo

Sign + - Und. - - Und.

243  Und. = Undetermined. All relations are derived fromthe implicit function theorem.Assumptions

244  used for signs above: All parameters >0,<M<1, XQ(M)<1.

245 Most signs of the derivatives can be determinedh wiception of the derivatives
246 with respect ta andqg,. The signs that can be determined have the expsige. An

247 increase in price of fishp] would make harvesting more worthwhile, and thus t
248 protected area is increased to increase the haesincrease in the cost of effort
249 (cg) makes a protected area more expensive becaugedieeted area decreases the
250 effectiveness of effort through the catchabilityhefefore the protected area is
251 decreased when cost of effort increases.

252 Similarly an increase im, or gy decreases protected area as they make it less

253 effective by increasing the harvest that has tgitben up to protect an area. The signs

254  of AVM and Aqo are mainly determined by the difference betweeoepoi fish

12
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and cost of effort and the parametgysandqo. If p>>cz andQ(M) is not too small,
both signs of the derivatives are positive. Thigine with expectations: if the price
of fish is large relative to the cost of catchibgan MPA pays off: the added growth
bonus and thus extra fish to catch is more valudide the relative minor costs of
extra effort needed to catch that fish. A largeswgh bonus r(y) makes the MPA
more valuable, because it increases the extraadlailcatch. Similarly a larger
original catchability ¢,) makes the MPA even cheaper because the reduitety en

the harvest of the MPA is smaller.

2.1.2 The Nash equilibrium for MPAs for fisheries

In a Nash equilibrium each individual player wisttiesmaximize his own fisheries
profits, given that other players also maximizartipeofits. We assume that the sum
of the harvest of all players is equal to the ghowithe stock expressed in terms of

effort and marine protected area as they can ligeiméed by an individual player is:

N

2 H (M E)=G(M.X)=2(QM) B) X= R M. M) X1~ § -

Q(M)E +(n-1) QM) E

OiON,i # (15)

with j all other players.

For a single player the optimization problem igithe

maxrli:mm{pEL}Q(M‘)EJr(n_l)Q(M")FT'}—CEEJ Oid N (16)

(M)

Maximizing the individual profit function in (16kinot the same as the open access
regime. Even though countries only optimize theunceffort, no new entrants area
allowed, thus the rent is not driven to zero. Tingt order conditions with respect to
Eiis:

13
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on _ Q(Mi)(l_Q(Mi)ERJf(”‘l)) 'V';)'?}_IOEQ(M)Z_C o (17)

o, (M., A(m.m)

If we substitute the equilibrium stock given in YH&ck into equation (17), we get:

pQ(M,){ZX—l—((n_l)Q(M])EIJ} _ G -0 (18)

R( M ) Marg?rfal cost

Marginal benefit
which displays the standard components of a FOL gtatic fisheries model: the first
part of the derivative is the marginal benefit:iacrease in effort increases the catch
if X is larger than % plus the catch of the other pkyand this additional catch is
valued afp. The second part is the marginal cost: an extiaofileffort costsce.

The FOC of the marine protected area in equatiéhr@sults in:

—=-¥po, E rb""'M(%Mi_"%Mj)

on, [1_(%%—%% M) E+(n-1)(%q-%q M) E}
oM,

(19)

(1 g - o E fw (%0, =% M) E +(n-1)(% g -%q M) E
pE(%q) %%M){n(rb+rM(%Mi_n%Mj))+ n(rb"'rM(}'ﬁ'\/h_n_}/nMi))2

If we substitute the equilibrium stock given in atjan (15) back into equation (19)
we get:
(n_l)Q(Mi)Ei (”‘1)Q(Mi) E
r, (1-X)| 1- X - - | 2X-1- =C (20
2 )( R(M) pd, & =0 (20)

Marginal benefit Marginal cost

which is similar to the full cooperation case bwawnincludes terms for the other
players. The first part of the derivative is thergnaal benefit of an MPA: an extra

unit of protected area increases the growth andsemprently the harvest by

-1 M. ) E
Iy (1—X)(1—X _(n )Q( ') E'J where the last term accounts for the amount

R(M))

harvested by the other players. The extra hargest turn valued ap. The second

part shows the marginal cost of protected areehenform of the forgone harvest

14
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(again with a modifier for the other players) iratttextra unit of protected area, also
valued ap.

Solving equations (17) and (19) simultaneously fiasymmetric players we get
another cubic equation which can be factorized atguadratic and linear part and
solved:

Ml,zpq)—n(‘f,E,=0
PCy

M,:(Zpoo+cErf)rMiJ(rM(p(zcEr(mJ))(qwqu;)+éﬁh)) (21)
PGl i
. ~((2pa +qerf+ ) i+ pa g)y(n( H4e w3)( aa+ o 9+ Eh)
au (et +en(n(mee{m))(an+ a+ eha)x ol p2el P ( are ad)+ a5 #9)
(1 (P(30cr? + 4ccn) (a5, + a4 5) + &P ( e 1))
G (e +en(n(mee{m))(aa+ a+ eha)x af b26l P ( arr ad)+ a5 #9)

+

To evaluate the influence of individual parametensthe equilibrium protected
area we applied the same procedure as under faperation, using the implicit
function theorem and equations (17) and (19). Tdwalts are the same as for full

cooperation (Table 2, and appendix I).

Table 2: Signs of the derivatives of equilibrium MR under the Nash equilibrium with respect to

parameters in the fisheries game

i OM, oM, oM, M. oM, oM.
ervaive ap ac, or,, or, oa,, aq,
+ Und. - - und.

Sign -

Und. = Undetermined. Assumptions used for signs ale: All parameters >0, &Mi<1,
0<Q(M))=<1.

The difference between the protected area undérc@dperation and under the
Nash equilibrium is:

MFC_MN=

Jeer (aap(ne1)(a g+ a, )+ e g, -8R g+ a0+ 6h) - cn( -9 @2
2pq, 5,

15
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whereM™ is the total area set aside under full cooperatiziM" is the total area set
aside under the Nash equilibrium. Unfortunatelyegi our previous assumptions (all
parameters >0, amid> 2), the above difference is unclear on the eftéandividual

parameters on the difference between protected wardar full cooperation and the
Nash equilibrium. Two exceptions are the parametgrand g,, both of which

increase the difference. For other parameters we baresort to simulations. The
same holds for the difference in payoffs betweeil @ooperation and Nash

equilibriunt.

2.2 The game on marine protected areas for conservation

Conservation is a main goal of marine protectecsarén this game we measure
conservation success as the species richnessedttamira marine protected area. We
do not model the populations of all species inddpatly but instead use the
species-area relationship to determine the numbspecies that a reserve contains.

The species-area relationship (SPAR) has first Ipegriorward by Arrhenius [1921]

and is a curve of the general forB= kX with Sthe number of specie8, the area
and k and z two parameters. It is explained by either the ipassampling effect
(MacArthur and Wilson [1967]) or the habitat divigrdypothesis (Williams [1943]).
The use of this relationship has been criticized its scale-independent
application and extrapolation (Leitner and Rosengy&997], Rosenzweig [2005]),
and its ambiguous role in conservation decisiorthénSingle Large or Several Small
(SLOSS) debate (Simberloff and Abele [1976]). Desphese criticisms SPARs can
still be used as a predictor of local species ®slsn if one accounts for the scale
(Neigel [2003], Rosenzweig [2005]). Furthermore retieough SPARs may support

either several small reserves or a single largerves depending on parameters, in our

16
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case we assume a uniform sea, implying that thes sgoecies would be protected in
several small reserves, and therefore we applyAR3# a single large resefve

For mathematical convenience we transform the speaiea relationship into a
log-log relationship, i.elnS=In k+ an A We further assume that costs rise linear
with the area set aside and that countries befnefit the (log) humber of species in
the total area set aside. Each country has antinedn set some area aside, but given
that the others will also set aside some areaNlash equilibrium, each will set aside
less. Assuming that all areas are interlinked aedcé form one big conservation

protected area, the total benefits of species coasen are:
BD(M)=h,(In(S))- ¢ M= b(In( B+ m( N)- ¢ N (23)
Herebp represents the marginal global benefits from tlmegation of the log number
of species, I'§ k andz are the parameters of the species area curvepandhe cost

of protecting an area, such as monitoring and eefoent costs or opportunity costs

for other uses.

2.2.1 Full cooperation on MPAs for nature conservation

Under full cooperation global welfare is maximizadcounting for benefit generation

in all countries. The countries maximize:
BD(M)=h,(In(K)+ zn( M))- ¢ M (24)

with M again the total protected area. This results & fibllowing first order

condition:
b";Z—CP:O@ M :iz (25)
M Co

The full cooperation optimal MPA size is independehthe number of players, as

they consider the protection of the full sea, anly one optimum exists, although the
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solution is silent on how this should be reachegles symmetric costs and benefits a

fair solution would be for all countries to have MIPA of size ¥ M", resulting in a

total protected area ®1" for the whole area.

2.2.2 The Nash equilibrium for MPAs for nature conservation

In a Nash equilibrium, each country maximizes riggie welfare function, assuming
all other countries also maximize their private fasd functions. We assume each
country gets benefits proportional to their EEZesith. Hence the global marginal
benefits of protection accrue to the players inatéghares. Each country hence

maximizes:
BD (M,)=%b (In(K)+ 2n(% M+ % M))-¢ %M ODON (26)

For an interior solution, the first order condition becomes:

Bz . -o. Mi*:bpz_c"(ml) M nion 27)

M; +(n-1) M, C
Again we see the strategic setting of the game ftioenfirst order condition. The
additional benefit of an extra unit of area is ormnator, but it is scaled by the total
area already protected. The costs of protectinguoiteextra are (b)ce.

Solving the FOC foM;" for n players simultaneously, for a symmetric solutiom w
get:

bz
nG

M.

(28)

which goes to zero fon—owo clearly illustrating the suboptimality of this Nas
equilibrium.
The difference in MPA assigned between the full pgpation and the Nash

equilibrium is:
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MFC-mN :b";z(l—lj (29)

Co n
The difference in MPA size between the full coopera case and the Nash

equilibrium is increasing both in the number ofygles and in the gains of the MPA.

The difference in payoff between full cooperatioml &he Nash equilibrium is:
FC N bpz
W —WN ==2=(In( ) -1+ %) (30)
n

For the gains of an MPA we see a similar pattéra:difference increases with the
gains of a protected area. If we look at the nunabgrayers however, we see that if
n—oo the difference becomes 0. This is because thd fpegoff from a protected area
under full cooperation has to be divided over gdanumber of players, leaving
almost nothing for each individual player, whereash player assigns a very small
protected area under the Nash equilibrium, witlnbitle revenues and costs.
Consequently if we assume that cooperation is eddiee differences in assigned
size are smaller and differences in payoff are lemah the nature conservation case
changes of cooperation decrease with increasingfpaf MPAs (i.e. an increase in
bp or z or a decrease itp). If the number of players increases to a vergdarumber
however, cooperation may become easier, although necessarily so as the

difference in assigned MPA becomes larger evenghdlie payoffs become similar.

2.3 Combining the games

Marine protected areas affect fisheries as wellasre conservation. In order to see
how the equilibria change if we take both into asdpwe now couple the games. If
we combine the two games, the payoff functions othbcountries change. The
optimal MPA size, both from a Nash perspective anldcooperation’s perspective

may change as well, since we now add the two fansttogether. Formally, this is
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not issue linkage as in e.g. Folmer, van Mouche Radland ([1993]), Barrett
([1997]) and Buchner et al. ([2005]), because we raot dealing with two separate
problems that are addressed with two differentteslia instruments but with two
separate problems that are addresses with onanmetit: the size of the MPA.

When countries combine both problems the objectivaction under full

cooperation becomes:

W(E M)= pQ M) E(l—Q(M)E]— ¢ E+ p(In( k+ n M- ¢ (31)

Whereas the objective function of an individual coy is:

L Q(M)E+(n-1) QM) ﬁ]_ CEr

V\/,(E’M):pl’:'( R(Mi’M')

(32)
by (n(K)+zn (% M+%M))-%eM  OiON

The first order conditions of both problems argessively:

oW _( (9, -auM)E)(( pt (a- g, M) E _ bz _
oM _( (r, +ryM) JH (ro+r M) ]+2p0ME] PR 0 9

wW(M)_ oG (n=ha M) E+(mD)(g=4 6 M) E g, |,
oM, ' (o r (M =M ) "

DE{ (4% =% M) B (%0~ 50 M) E+(n-1)(%q-% 6 M) ﬁ} (34)
(

rb+rM(%Mi_n_%1Mj)) n(rb+rM(%Mi—“'%Mj))2
+}/'\(/I%_)F%—%CP=O OiON

In these two FOC we recognize the first order cioowl of the separate problems.
The first order conditions with respect to efforé @f course the same as under (10)
and (18). Solving (10) and (18) for effort and ditbsng the results into (33) and
(34) yields two quartic equations that cannot bleesbanalytically. The derivatives

with respect to parameters that can be determintgdtiae implicit function theorem
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are also inconclusive on the effects of parametertess we assume specific values.
Therefore we have to resort to simulations.

The effect of the combination is a combined MPAt lkean average between the
equilibrium MPAs of the separated games. As the separate games are completely
separate except for the number of players (no petens) of one game occur in the
other) and both are similar public good gamesahds to reason that the combined
game suffers from the same flaws, i.e. it is anophublic goods game. That does not
mean that its externalities are as bad as in tbarate games. As the combined game
is an average the Nash equilibrium is better tienNash equilibrium of one of the

games. We now show the effect of these combinectifums in a numerical example.

3 Numerical example

We now present a numerical example with two coasfras an illustration of the
more general case. Suppose we have a sea thdlyisl&aimed by EEZs and shared
equally between two countries. Initial parametétirsgs are shown in table 3. The
current parameter values are selected to illusthretdunctioning of the model and in

a sensitivity analysis we study the impacts of dgon from these parameter values.

Table 3: Arbitrary parameter values for the numerical example

Parameter Value  Unit

p Price 25 Euro per unit of harvest

Ce Cost per unit of effort 5 Euro per unit of effort

o Basic growth rate 0.2 -

r'm Growth rate change MPAs 0.8 -

bp Benefits of protection 1 Euro per log of species
number
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k Species-area curve constant 1.5 -
z Species-area curve exponent 0.2 -

Cp Costs of protection 0.25 Euro per unit of MPA

3.1 Fisheries: Full cooperation versus Nash

Solving the countries’ maximization problem figr and X, for the given parameters
using (10) and (12jives a value of 38.6% for the total area. How thidistributed is
not relevant from the full cooperation’s perspegtik can be 38.6% for both countries
or 77.2% in one country and none in the other grather combination that generates
38.6% of the total area protected. A logical chomeeuld be to share everything
equally and set 38.6% of the area apart in botimtr@s.

In Nash equilibrium the countries optimize theiivpte income. We have plotted
the two response functions in Figure 1. As candmndrom the figure the size of
MPA share each country sets apart is much smalder tinder full cooperation. Each
country designates about 11.2% as MPA, and henc2%lDbf the total area is
protected. Table 4 shows the outcomes per coumdgrfull cooperation and in a

Nash equilibrium.

Table 4: Full cooperation vs. Nash Outcome for asgle player

Variable Full cooperation Nash
M 38.6% 11.2%
I1 0.72 0.24
H 0.057 0.034
X 0.66 0.63
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Figure 1: MPA sizes (in share of EEZ) of countried and 2 as a function of the MPA size (in

share of EEZ) in the other country and the resultig Nash equilibrium of the fisheries game

As can be seen from the table the outcomes ofulhedoperation are much more
favorable for both countries than playing Nash, imiess a social planner steps in or

they reach some agreement by bargaining the Nasbroe is going to prevail.

3.2 Conservation: Full cooperation versus Nash

The conservation game for a two player game islaino the fisheries game. Since
the response functions have a slope of -1 in timensstric case, the curves overlap
completely implying an infinite number of Nash ddpria. If we enforce symmetry in
the outcomes as is done in (28), we are left with Nash equilibrium. Applying the
formulas (25) and (28) and the parameter values table 1 we get MPA sizes of 0.4
and 0.8 for the Nash equilibrium and full coopematirespectively. To illustrate the
prisoner’'s dilemma of the countries, the correspungbayoffs of full cooperation,

Nash equilibrium and their combination are showiable 5.
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The table shows that the game is a basic prisoddeémma. If the two countries
manage to coordinate their actions they increaseetsts total welfare, but the full
cooperation scenario will not be reached since lootintries can increase their own
payoff by defecting. The game shown here, howedees not show the full picture,
the current prisoner’s dilemma may be less sevdreth countries take a combined

perspective as is shown in the next section.

Table 5: Payoffs in the conservation game

Country 2
Cooperate Defect
Cooperate 0.08, 0.08 0.01,0.11
Country 1
Defect 0.11,0.01 0.06, 0.06

3.3 Coupling both games

If we couple the games we get the objective fumstias shown in section 2.3. For the
parameter values given in Table 3 we get the respimctions as shown in Figure 2.
The Nash equilibrium (as can be seen from the déigigr at an MPA of 16%, whereas

the full cooperation’s optimum lies at 40%.
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Figure 2: MPA sizes (in share of EEZ) of countried and 2 as a function of the MPA size (in

share of EEZ) in the other country and the resultig Nash equilibrium of the combined games

In table 6 some results are shown to compare thedaperation’s outcome with
the Nash equilibrium. The results are similar ie §ense that in the combined case
the Nash equilibrium is clearly not preferred fréme point of view of society, but in
absence of a social planner, side payments or atleehanisms this is where society

will end up if countries do not internalize the e externalities.

Table 6: Full cooperation vs. Nash outcomes for argjle player in the combined game

Full cooperation Nash Equilibrium
M 40% 16%
W 0.78 0.25
11 0.72 0.25
BD 0.06 0
InS 0.22 0.04
H 0.06 0.04
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X 0.67 0.65

In figure 3 we show the payoff to a player fromigssg an MPA share, given that
the other player plays the optimum of the sameegisa and we marked the respective
Nash and Full cooperation equilibria of the sepafigheries and conservation games.
Figure 3 illustrates the suboptimality of considgrithe problem of MPA size in
isolation. In this particular case the MPA from @ fisheries perspective is to low
and from a conservation perspective to high contptoehe optimal MPA that takes
both into account. It is therefore imperative tontne the two, since in special cases
only, when the optimal fisheries and conservatioRAVisize coincide, the actual
optimum is the same in the combined function aredsétparate games.

Another interesting finding in figure 3 is that moa society’s point of view
cooperation on a single issue can be worse thanngldNash on that single issue.
Consider the payoff in the equilibrium where coigd#rcooperate only on species
conservation. We can see from figure 3 that itcisi@ly lower than the payoff of the
Nash equilibrium of conservation. If the cooperatsolution from the conservation
game is applied the losses of the fisheries ararge that they undo all the gains
from conservation. Whether this happens of coueggedds on parameter values, but
the possibility is enough to demonstrate the nétyesk considering multiple uses in
this multiple country setting.

As stated before since the externalities run inghmme directions in both games
combining the games does not remove defection tiveen What we can see from
figure 3 is that from a fisheries point of view doimng the games constitutes an
improvement. Furthermore the difference betweensti@al optimum and the Nash

equilibrium has also become smaller giving at lsaste improvement.

26



518
519
520
521
522

523

524

525

526

527

528

529

530

531

0.9
0.8

0.7 m
A/ N\
0.6 e
Fisheries -
£ o5 equilibria | _|Combined :
g . equilibria — Full Cooperation
& / = = Nash

04 7 /
0.3

Conservation
~ o equilibria \
0.2 ++5 “~ <
0.1 (\/_
* ~
0 T T 1
0 0.2 0.4 0.6 0.8 1

MPA Share

Figure 3: The total payoff of one country and the espective equilibria of the isolated games, as a
function of a) the MPA size chosen by both countrie(as a share of EEZ) under full cooperation,
b) the MPA size chosen by one country (as a sharé BEZ) assuming that that the other player

plays Nash. For parameter values see table 3.

3.4 Sensitivity analysis

To illustrate the model further and provide someaenasights into the incentives for
cooperation we have carried out a sensitivity asigahall the parameters in the
combined model. For each parameter we calculatedvétues of MPA share and
payoff for the change of a single parameter insst@pl0%, over a range of minus
50% to plus 50%, while keeping the other parameteesd. We used the same
procedure for the fisheries model to calculate éfiect of parameters on the
difference between full cooperation and Nash elgpiilim because these differences

could not be analyzed analytically.
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3.4.1 Differences between full cooperation and Nash equilibrium in

the fisheries game

In Figure 4 we show how the absolute differencevben full cooperation and Nash

equilibrium in the fisheries game both for the gayprn™-Mn") and MPA

shareM ™ -M"), as a result of changing the price of fig) &nd changing the
growth bonus in the MPAr(), given that all other parameters remain on theeba
level. The graphs for the other parameters areppefdix Il and the relation between
the difference between full cooperation and Nashilégum in payoff and MPA

share as a function of parameters are in table 7.

Table 7: The relation between parameters and the fference between full cooperation and the

Nash equilibrium for payoff and MPA share in the fisheries game

p G My v Qo Oam
M - + + - + -
Wi + - + + + -

A “+” indicates that the parameter and difference nmove in the same direction, a “-” indicates that
the parameter and difference move in opposite dir¢ions.

The effect of parameters on the difference betwk#incooperation and Nash
equilibrium varies. Assuming that cooperation beesnmore likely when this
difference is smaller, shows that only paramejgias an unequivocal diminishing
effect on these differences, when it increasesotker parameters increase either the
difference in payoff or the difference in MPA shéable 7).

The same effect can be seen in Figure 4 for twoiSpg@arameters: if the price of
fish (p) increases, the value of the harvest increasestlaadirives up the payoff
under cooperation more than it drives up the payoifler the Nash equilibrium,

hence the increasing difference in payoff. The mtve to set aside more area as
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MPA is also larger even under the Nash equilibrizma thus the difference in total

area set aside decreases.
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Figure 4: The difference between full cooperation @d Nash equilibrium in payoff and MPA
share, as a function of changing parameters.

The same holds for the growth bonus in the MBA.(If ry increases the payoff of
the MPA becomes larger, but this payoff is reapedatlarger extent under full
cooperation hence the increase in the payoff diffee. The growth bonus also

increases the incentives to set aside MPA, so ibe assigned under the Nash
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equilibrium becomes relatively larger decreasing difference with full cooperation

in MPA size assigned.

3.4.2 Sensitivity analysis of the combined game

In Figure 5 we show how payoff and MPA share chaag@ result of changing the
reduction in catchabilityqy) and changing the curvature of the species-aree o),
given that all other parameters remain on the legel. The graphs for the other
parameters are in Appendix Il and the relation leetwparameters and payoff and
MPA share are in table 8.

Table 8: The relation between parameters, payoffsral MPA share

p G I'o 'm Jo Om by z G
M; + - - + + - + + -
W, + - + + + - + - -

A “+” indicates that the parameter and variable mow in the same direction, a “-” indicates that
the parameter and variable move in opposite directins.

Increasinggu causes both the MPA share and the payoff to deereand this
decrease is larger for the full cooperation casa tfior the Nash equilibrium (Figure
5). If gu increases an MPA becomes more expensive, becauseharvest has to be
given up per unit of protected area, hence theedser. If we once again assume that
cooperation is easier when there is less at siakethe differences between payoff
and MPA share are smaller, then cooperation becomoes likely with increasingw.

Increasing the curvature of the species-area c(#@yecauses the MPA share to
increase but payoff falls, because we get the damefit for more species. In Figure
4 we see that the effect of tlkeparameter, ceteris paribus, has little effect loa t

difference in equilibrium MPA between the full caoption case and the Nash
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583 equilibrium. Hence the difficulty of reaching a sdptimum stays just as hard in a
584 less diverse environment as it is in a rich enviment.
585 Overall the differences in payoff and MPA betweka full cooperation case and

586 the Nash equilibrium seem to become smaller ontig decreasing gains of MPAs.
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587  Figure 5: MPA and payoff under full cooperation (FC) and Nash equilibrium (NP) as a function

588  of parametersqy and z, keeping other parameters at the base level.
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Figure 6: Payoff per player in total and from the ®parate games as a function ofy,, keeping
other parameters at the base level.

Figure 6 provides intuition on the mechanisms m tiodel: increasing the growth
outside the MPA decreases the necessity of an MB# fa fisheries perspective.
Moreover it increases the harvest and consequehdypayoff of the fisheries.
Therefore the optimum of the combined game movesids the fisheries optimum
and away from the conservation optimum. As thenopith moves away from the pure
conservation optimum, the profits of conservatiath $lightly, but this is made up for
by the fisheries profits. Increasing the growthsalg the MPA consequently has the
expected effect of weighing the fisheries interdstavier then before thus moving

towards the fisheries optimum.
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4 Discussion and conclusions

4.1 Main findings

We now present our main findings and then contiwite some limitations of the
study and suggestions for further research. Inghjger we considered the effects of
MPAs on fisheries and species conservation in aifoolintry setting. We analyzed
the resulting externalities and the possible shiftsquilibria if two separate games of
MPA assignment are combined. We focused on the nsauwes and developed a
model that contains some of the important aspéetsdrise in the multiple country,
multiple use setting that MPA planners, and mapokcy makers in general, face.

Although the separate games do not provide majoringights, the combination of
the games provides a counterintuitive result: coatmmn on a single issue may be
worse than Nash if we take a combined perspective.

The setting of the fisheries model is such thaWlRAs increase growth rates by
more then the reduced harvest it pays to set asiohe area. The results suggest that
cooperation is better than Nash, but this is ditéogward. Furthermore the results
show that the difference in MPA size assigned betweooperation and Nash
equilibrium reduces when either the growth bonusvi®fA increases, or when the
price of fish increases. However, the payoff défere between full cooperation and
Nash equilibrium also increases with these parametdfering little scope for
bargaining. If the catchability reduction of MPAcneases both the difference in
assigned MPA and payoff go down. Essentially if MPBecome worth less, the
differences between full cooperation and Nash éaquiln decrease.

The conservation game offers a new approach tocthreservation problem.

Although game theory has been used to analyzebanslary parks in general
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(Busch [2008]), to our knowledge species-area cuwere never used specifically in
a game. The results of the game are also strarglafd: for species conservation
cooperation is better than the Nash equilibriun,tbat due to defector incentives we
have a social dilemma. In contrast with the fisbergame the difference in MPA
assigned as well as the difference in payoff betwkdl cooperation and Nash

equilibrium are increasing in both the gains of BA, and the number of players.
Therefore it seems that achieving cooperation bellhard, unless there is little to be
gained by assigning MPAs anyway.

The core result of the paper is that the combinacthey offers a new and
counterintuitive perspective on these standardtestithe separate games: if we take
a combined view, cooperation on a single issue tayworse than the Nash
equilibrium of that single issue. By ignoring theilltiple use of the MPA the damage
done to one of the uses is so large that it dest@atiythe gains from cooperation on the
other issue. Therefore we conclude that accourfingnultiple uses is not just a
nicety of this model, but a necessity when planiRAs.

Furthermore the combined game has better posmbilitom society’s perspective
then the single games do. In our numerical exartti@ecombined game increases the
MPA assigned compared to the fisheries case. Alisdecreases the difference
between full cooperation and Nash equilibrium coragato the biodiversity case.
Unfortunately combining both games is not enoughotercome a prisoner's
dilemma, but even a compromised combined Nash MPdy rbe better than
cooperation on a single issue.

Summarizing, MPAs are a valuable tool for conseoveand fisheries management

in the EEZs. Optimal use of this tool, however,uiegs consideration of its multiple
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uses effects, if not then it might be better frootisty’s point of view not to
cooperate.

Although not a perfect solution The MSD (and otlieropean marine policy)
encourages countries to cooperate and more implyrtaonsider the full effects of
their actions in their marine strategies. We codelthat MPAs may not be a panacea,

but they will surely help in safeguarding our marenvironment.

4.2 Limitations of the study

We restricted our analysis to symmetric players iBsue linkage models of Cesar
and de Zeeuw [1996] and Folmer et al. [1993] asytnyrie a requirement to break
the prisoner’s dilemma. Their models consist of taresoner’'s dilemmas that are
completely reversed and hence they cancel eaclh otihevhen linked. If we include
asymmetry in our model it would not play as bigoéersince our model considers
only one instrument, in contrast to the models e6& and de Zeeuw [1996] and
Folmer et al. [1993] who consider two instrumeiigen if one country would have a
higher advantage in the fisheries and the othepeéties conservation we expect that
the combined game would still give an average efttto. Where that average would
be, depends on parameter values.

Although the fisheries model suggests a positivie for MPAs in fisheries
management, this result may no longer hold, if opmtess is present, as
demonstrated in Hannesson [1998] and Anderson J2@&n though agents may
play a Nash equilibrium in our model, resultingaisuboptimal solution, open access
does not occur since there are no potential nevamtst(as the number of countries is
given). Only if a large number of agents enter fieberies the size of the MPA is

driven to zero.
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673 A further limitation of the model is the fact ththe fisheries game does not include
674 monitoring and compliance costs. A more realiséttisg would include a set-aside
675 cost in the fisheries case, equal to the one irctmservation case. In the combined
676 case this compliance cost would then occur onlyepmoplying a further advantage

677 of combination.

678 4.3 Suggestions for further research

679 As pointed out in the introduction MPAs are a st&ol in a dynamic environment.
680 In further research it will be useful to explicitigclude issues of time and space in
681 addition to the steady state analysis of the ctpaper. The importance of spatial
682 dynamics has been demonstrated by e.g. Ruijs amdak [2007], but always just for
683 the fisheries case and to our knowledge neverHercombination of fisheries and
684 conservation.

685 The evolution of species richness over time andespss very complex and a
686 constant source of debate among ecologists (see[@081] for a critical review for
687 the marine environment). The current approacheseflore a pragmatic compromise,
688 but further empirical and theoretical work on tiesue would greatly increase our
689 understanding of the drivers within MPAs and faatk the inclusion of conservation
690 issues in the MPA and fisheries modeling debate.
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Appendix |: Derivatives with respect to parameters

We used the implicit function theorem and the ratgvfirst order conditions to
evaluate the effect of parameters on the equilbrMPA. The equilibrium value of
other variables was entered in the relevant FOQpréethe derivative was
determined.

If we substituteE calculated from (10) in first order condition (1&)d rearrange

we get:

(P(aM-a)+a)(pd 1M ~(a n(2pa+ ¢)) M ai( Pa- §-2¢a_

ap(g,M-q)’
(35)

We are only interested in the solution stemmingiftbe quadratic part. Therefore we
can determine the effect of parameters on theieguin MPA, by taking derivatives

only on the part:
(e M?=(cun (2P0, + &) M+ q 4, ( PG- ¢)-2¢ g §=0 (36)

This results in the following derivatives:

2

oM _  -(wM-q) (37)
o ay(2p(aM-q)-¢)
oM _ 1, (auM+q,)+2q,1, (38)
oc: 1,y (2p(aM-q)-c)
oM _c(aM+a)- p(g M- qf (39)
or,  tdy(2p(aM-q)-9
oM 2c.

- (40)
o, 1y (ZD(QMM _q))_CE)
oM _ Ce (ruM +2r,) - 2pr,M (quM —q,) (41)

aq,, waw (2P(M-a)-¢)
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oM _ 2p(aM-g)+¢
ad, ay(2p(aM-q)-¢)

(42)

The procedure for the derivatives in the Nash éugyitim is similar: calculates;’
from equation (17), insert it into equation (19thbfor E” andE;’, replaceM;” with
Mi’, and take derivatives with respect to the quacirpéirt of the resulting cubic

equation:

(pa,-pa, M- ng)( PG & M-2pg gy M- g hgs W pfiy- € naf- char < mﬂb)rzo (43)
p(n+2)*(g, M - q)’°

This results in the following derivatives:

oM. _(qo_qM Mi)2

L = 44
o qy(2p(a,M-q)-ri¢) 0
oM, _ n(ru (d *+nay M) +(n+1) g, f) (45)
oce Qi v (Zp(qM Mi_%)_ﬁ%)
oM, _cn(ng, M+ q)- i g M- g)° (46)
ory M lwm (Zp(q\ll Mi_qJ)_cErf)
oM n(n+1) ¢

L 47
o, 1, (Zp(QMMi_qj)_CEnZ) 0
oM, _ cen(nr, M, + ng +1,)=2pr, M, (g, M - g (48)
0y M Gm (ZD(%M—%)—%I‘F)
oM, _ 2p(gquM -q)+ng (49)

od, ay (2p(a,M-q)- ¢ 1i)

41



869 Appendix Il: Difference between full cooperation and

870
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Nash equilibrium in the fisheries game
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Figure 7: Difference between full cooperation and Bsh equilibrium in payoff and MPA share as

a function of changing parameters
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874 Appendix lll: Figures of payoff and MPA share as a

g75 function of changing parameters
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Figure 8: Payoff per player under full cooperation and Nash as a function of changing a

877  parameter in the model.
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! In the current model setting we assume a direspqutionality between reduction in harvest and
MPA size. In further research other specificatiagh as concave or convex reductions can be
explored. However, such specifications would ntgrahe basic line of reasoning.

2 In this model we denote parameters with lower eamkvariables with capital letters.

% The model can also be solved in terms of stock.ciMese to use effort here because the solutions are
more straight forward, but will occasionally subsgt stock.

4 We present only the interior solutions of the mpd&hough corner solutions may occur depending
on parameter values. Corner solutions arise ibthnded variables such as stock and marine pradtecte
area size exceed their bounds under the interlatiso.

® The difference in payoff is a complex and longression, shedding no light on the effect of
parameters, therefore we do not show it heres dtailable from the authors upon request

® In a more elaborate analysis a more complex sSpetiin on the relation between area, species
richness and the benefits of nature conservationbzaused. However, this would not change the

fundamentals of the current analysis.
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