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Abstract

This paper deals with the sustainable management of a rbfeweasource
based on individual and transferable quotas (ITQs) whentagéffer in terms of
harvesting costs or catchability. In a dynamic bio-ecormomodel, we determine
the conditions under which the manager of an ITQ system chiew sustain-
ability objectives which simultaneously account for stoekewal, economic effi-
ciency and maintenance of fishing activity for the agentaglime. We use the
viability approach and more specifically the viability kekto handle such a fea-
sibility problem. We show that the capacity for the manageset viable manage-
ment strategies based on fixing Total Allowable Catch (TAQjts simultaneously
depends on the degree of heterogeneity of users in the figshergurrent value of
the stock and its dynamic features. To quantify this, we e¢sopute the maximal
number of active (viable) agents for a given set of agentsaagigen stock. It is
shown how this number decreases with heterogeneity ofvedoagents while it
increases with the stock. A numerical example illustratesthole results.

Keywords: Renewable resource; Sustainability; TAC; ITQs; Viabikirnel.
JEL: QO01, Q28, 013,C61

1 Introduction

Numerous stocks of renewable resources are under extress e worldwide. Nowhere
is this more obvious than in marine fisheries (Garcia & Graing005). A key reason
for this is the common pool status of marine fish stocks, whidhe absence of dedi-
cated access regulations, leads to the existence of imesritr fishing firms to invest
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in fishing capacity beyond levels which would be efficientt tollective level (Gor-
don, 1954). This often results in increased pressure orlatgg agencies to accept
higher exploitation rates of fish stocks, sometimes beyaosthgable levels. This has
led major to the recognition that access regulations aredispensable complement to
the usual conservation regulations for guiding resoursesowards more sustainable
paths that respect ecological, economic and social goa(3,(E008).

Total Allowable Catch (TAC) limitations have been used asteely as conser-
vation measures in fisheries management, as a way to keeplamvest of fish
resources to levels ensuring the long term sustainablffifisb stocks and fisheries.
These approaches have however proved insufficient to etiseiieconomic health of
fisheries, since with no prior allocation of catch posdiigii between fishers, race for
fish conditions led to encourage short-term economic vielging fishers to contin-
ually increase their fishing capacity and leading to ecoranefficiency at the scale
of fisheries (Kompast al, 2004). Restricting access to fisheries and allocatingeshar
of the TAC as secure harvesting privileges to fishers has pemosed as a way of
solving this problem (Graftoet al, 2006; Branch, 2008). Assigning harvest rights is
expected to create an incentive for fishers to minimize tret and effort associated
with catching their TAC share while at the same time choofistyng strategies that
maximize their revenue (Graftat al, 2006). With costs and fishing abilities varying
among fishers, the addition of transferability of indivitlgaotas (ITQs) allows fish-
ers to choose between continuing to fish, or transferringsédy or lease) their quota
holdings to other, more efficient, fishers. 1TQs thus offereaahtralized method of
allocating catch possibilities within fisheries which stibpromote efficient resource
use (Clark, 1990). Reviews of the experience with ITQs ingfigds have shown that
they are increasingly being used, and that there adoptisragsociated with improved
status of fish stocks and levels of catches.

In contexts where excess capacity in the fishery exists, pacted effect of intro-
ducing ITQs is that fishing capacity should decrease as gaiciteges are transferred
to the more efficient fishers (Kompas & Che, 2005). Althougreapected (and to
some extent sought for) impact, it has turned out to be onbekey points of de-
bate on the opportunity and effectiveness of ITQ approath@scess regulation in
fisheries (Pinkerton & Edwards, 2009). Indeed, an immediatesequence of allow-
ing individual quotas to be transferred in contexts whereess capacity existed was
a rapid reduction in the nominal fishing capacity, as meashyee.g. the number of
registered vessels and fishermen in a fishewyt also of the number of active fishers
and firms. The resulting concentration of fishing privilegeshe hands of smaller
groups, and reduced size of fishing activities in coastasahave been considered as
an important social consequence of management schemesdh WiQs have been
adopted (Copes, 1986). This social dimension has indeaghirone of the first and
foremost debated dimensions of moving to tradeable catefigges in fisheries. In
some cases, these expected social impacts are considgredant enough that they
will outweigh the expected ecological and economic bensefithe regulations, lead-
ing to the feasibility of their implantation being questimh The EU consultation on

1In a number of cases, however, this was shown to merely refieceradication of idle capacity and
fishing licences.
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rights-based fisheries management in the new common fishasleey illustrates this
point.

There have been several approaches to modeling ITQs iniésheanging from
analytical approaches based on simplified models of a figlatayk, 2006) and Linear
Programming approaches (Lanfersieck & Squires, 1992)utiit models that use nu-
merical simulation (Dupont, 2000; Guyader, 2002; Guyadérh&baud, 2001; Little
et al, 2009). Despite the fact that social considerations may lzastrong influence
on the possibility for policy makers to adopt ITQs as accegslation measures, these
have only rarely been explicitly included as an objectiveaaonstraint in the tradi-
tional bio-economic modeling approaches. Guyader & Thdl§a001) considered the
impact of social factors regarding distributional issugslétermining participation of
fishing firms in a fishery and the associated quota market. Memjitle work has been
done on the interaction between the social objectives amdd¢bnomic and biological
objectives which a policy maker may pursue in an ITQ setting.

The aim of this paper is specifically to address the traddmdfaieen the conser-
vation, economic efficiency and social objectives in an IT@naged system. To deal
with this question, we develop a dynamic bio-economic mba@skd on weak invari-
ance method (Clarket al, 1995) or viable control method (Aubin, 1991). This method
focuses on inter-temporal feasible paths, and aims atifgiengt the conditions that
allow desirable objectives or constraints to be fulfilleceotime, considering both
present and future states (Baumgartner & Quaas, 2009; &aie2001). The method
does not strive to identify optimal paths. It is well knowratloptimal control mod-
eling for the sustainable management of renewable rescarcée criticized because
it may imply what some have called dictatorship of the futower the present (Heal,
1998) and favor exhaustion of a resource stock as shown lolg 1890). The viability
approach offers an another way to deal with the sustaiali ensuring minimum
levels of key state variables in a fishery at each period ie tessigning an equal weight
to every period. As emphasized in DelLara & Doyen (2008),ilitslis closely related
to the maximin (Rawlsian) approach with respect to inteegational equity. Viability
may also allow for the satisfaction of economic, social aindogical constraints and
is, in this respect, a multi-criteria approach. It has bgmliad to renewable resources
management and especially to fisheries (see, e.g. &a1€2001)), but also to broader
(eco)-system dynamics (Cuey al, 2005). Relationships between sustainable manage-
ment objectives and reference points as adopted ircthgprecautionary approach are
discussed ir?. Here the viability framework allows us to exhibit the caimatis under
which a manager can achieve economic, social and biologlgettives in a fishery
managed under ITQs, considering both present and futuesstéthe renewable re-
source system.

The paper is structured as follows. Section 2 is devotedddd#scription of the dy-
namic bio-economic model together with the profitabilitydaocial constraints. Sec-
tion 3 provides the results related to the maximum numbeiaifle active users with
respect to the level of the resource. The last section cdeslu
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2 Thebio-economic mode

2.1 Theresource dynamics

A renewable resource is described by its state (e.g. biooradsnsity)z(t) € R at
timet. When the amount removed or caught) is at the beginning of each time step,
the dynamics of the exploited resoureg) is given by the escapement function:

z(t +1) = fa(t) — Q1)) 1)

where the dynamics gfis supposed to be continuous, increasing and zero at thie.orig
Since the amount caught cannot exceed the resource stamk,city constraint holds:

0<Q(t) < z(t). (2)

2.2 ThelTQ market:

At the beginning of each periad a regulator allocates a total allowable catch (TAC)
among then agents. The supply of quotadd(t) = Y"1, Q; (t) whereQ; (¢) is the
initial amount of quota given to agenndQ;(¢) the amount of quota held by agent
1 after trade. We assume that quotas can freely be traded @sea tearket and that
inter-temporal trade of quotas is not allowedhe demand for quota is derived as the
sum of the optimal amount of harvest of theagents,H*(t) = Y. | H/(t). The
guota market clearing condition is given Bt) = H*(t). Agents are assumed to be
price takers in the output market. The quota price is denloyed(¢) and the price of
the resource by. The quota demand of an agent is obtained by maximizing a&tpr
with respect to its effor; (t) under the constraint that its amount of harvBs(t) is
equal to its quota demartg; (¢):

1L (Ei(t), x(t)) = pHi(t) — Ci(Ei(t)) — m(t)(Hi(t) — Q; (1)) 3)

The harvest function and the quadratic cost function arergby
Hi(t) = q¢FEi(t)z(t) (4)
Ci(E;)) = coi+ciiEi+ c;’i E? (5)

whereg; is the catchability constant afd ;, c; ; andc, ; the cost parameters. Assum-
ing for a while that the optimal effort of agents positive, it is solution of

E}(t) € argmaxI1;(E;, z(t))
We obtain the individual effort of agent i

B () = o~ ((p = m(t) asa(t) - 1) ©)

2The question of the original allocation of ITQs is beyond $kepe of the paper.
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and its amount of harved{*(¢). The demand of quota is the sum of harvest across alll
agents

HY (1) = 30 H7 () = (t) | (p = m(0) o(t) 3 7 = 30"

o1 G2
Setting
n 2 n
4q; C1,iq;
; C2.,4 ﬁ ; C2.4
we obtain
H* = x(t) [(p —m(t)) z(t)a — B] (7
From the quota market clearing condition, the equilibriwmtg price is
Q)
+ 6
* S x(t)

If a positive quota demand exists, then a unique quota puit@)(¢), z(¢)) should
exist such thain*(Q(t), z(t)) € [0,p[. When the quota price:(t) is greater than
the product pricen, the demand of quota will be null. The positivity condition o
m*(Q(t), z(t)) implies a state-control constraint

z(t)(pr(t)a — ) = Q(t) 9)
From the scarcity constraint (2), we deduce the stock caims$tr

B
x(t) > o

2.3 Social constraint:

The model so far shows the conditions which are needed tomizeithe economic
return of the fishery. For the purposes of managing for th@etibottom line, man-
agement must also consider social and biological conssrafts shown by Benet al
(2001), the existence of an economic viability constraird fishery leads to the identi-
fication of a stock viability constraint, as a minimum stodess required to maintain
sustainable levels of catches and rent above their viabét ln an ITQ system, where
the initial situation is one of excess capacity, one may olesa reduction in the num-
ber of participants leading to social disruption beyondeatable levels. To account
for this, a social constraint may thus be introduced on theagament decisions. An
extreme approach to this is that the policy ensures that afjents initially present re-
main active in the fishery. This will allow the levels of ecamic impacts associated to
the fishery (in terms e.g. of employment on board vesselsamtthased activity, and
the induced upstream and downstream effects) to be madataiver time. Formally,
we introduce a participation constraint representingdloethat ideally, when adopting
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a management approach, a policy maker would like to be aliteep all the fishers
active:

Ei(t)>0, Vi=1,.,n,Vt=0,1,...,T (20)
Substituting the value ofi* given by (8) in the optimal effor given by (6) leads

Q)
OIREG C1,i
——— > max

« v g

= (11)

This participation constraint for all users implies a cdiwdi on the ratia:; ;/¢; for the
less efficient user. If we denote by

Fpar:a)\_ﬁzo (12)

the stock mortality rate associated to participation regyuents, the previous constraint
(11) reads

Q(t) > Fpara(t). (13)
Bringing together equations (9) and (13) gives the follapiimequality
Q(1)
. NAWANY —

Frar < o) = apz(t) — B
From the previous condition, we derive a critical stock #n@d denoted by, as

o(t) > Foar 0 _A_ (14)

ap p

Note that such stock constraint also reads

z(t) > sup G _ sup ;"

i Pgi i

wherez$? is the stock size at bionomic equilibrium with open accesdHe less effi-
cient user (Clark, 1990). Hence maintaining all fishers active in a figlvéll require
that the stock be maintained at a level that is higher tharetred at which the least
efficient fisher would stop fishing.

3 Reaults

Based on the above model of the fishery and set of constraiatspnsider the case in
which a policy maker must decide on a set of TAC policies wieickure that the fishery
will respect these constraints. We use the concept of Vialkiérnel to characterize
the sustainability of the system. This kernel is the set fainstock sizes for which

an acceptable regime of quotas exists and satisfies theramstput forward in the

previous section. Viable quotas are derived from the vigtiernel whenever it is not
empty.
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3.1 Viability kernel.

The dynamics:(t + 1) = f(x(t) — Q(t)) has to be combined with
e The stock constraint (14) namelyt) > xjim,

e The social or participation constraint (13)@(t) > F,a,z(t),

e The economic constraint (9) namel(t) < (pax(t) — B)xz(t).

According to the values aof},,, and the associated;, several cases can be dis-
tinguished. We also need to introduce the notati¢n) for the sustainable (steatjy
yield function as

h=o(x)=xz— f ().

It is convenient to also introduce the "sustainable” (agegady) mortality rate
Fim related to stock levet);,

U(xlim)
Llim .

Eim =
It gives the following proposition for the viability kernel

Proposition 1 Assumef is continuously increasing and(x)/x is decreasing. We
obtain

e If Flim < Fpar then no viability occurd/iab = {).
o If F,ar < Fiim then the viability kernel is nonempty and defined by

Viab :]I“m, OO[

The case of no viability is related to the social or partitigaobjective. The mor-
tality rate required to ensure a positive effort for the lefigient user is too high with
respect to the sustainable mortality rate associated tettiud constraint. The favor-
able case consists in an efficient trading which allows ferghrticipation of the whole
users is possible despite their heterogeneity.

3.2 Viablequotas.

We derive the following proposition for the viable quotasethdepend on the structure
of costs, catchability of the agents together with popatatlynamics.

Proposition 2 Assume' is continuously increasing andx) /x is decreasing. Assume
that Fl,ar < Flim. Then, for any stock within the viability kerneViab =]|zjim, ool,
viable TAC controls lie in the interval (non empty)

Q(x) €]Fpar®, Fpa(w)z]

3In the sense thaf(z — o(z)) = .
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where precautionary mortality rat&,,(z) is defined by

i I (@im)
Fea(z) = min (apx —3,1— T)

It turns out that several quota policies may exist, thatalifistinct strategies and
trade-offs between the biological aims of stock conseovedind the economic aims of
rent maximisation, while also respecting the social camstr The set of quota policies
can be rewritten as

Q(x) = (Whpara + (1 — w)Fea(x)) ©

with 0 < w < 1. Low value ofw refers to an ecological and conservation viewpoint
since it favors the resource. High valuesopromotes catches and rent. Mix-strategies
can also be implemented.

3.3 Number of active agents

When the viability kernel is empty namel,., > Fiinm, the policy maker knows that
it will not be feasible to respect the social or participgticonstraint for all agents
and maintain the less efficient users active in the fishewgrgthe stock levet and
the heterogeneity amongst users. His problem can be réncesins of the maximal
number of viable users denoted by(x) that the system could allow to remain active.
This maximal number of viable agents is defined as follows

n*(z) = max(a € {0,...,n} | z € Viab(a))

whereViab(a) means the viability kernel associated witk< n agents supposed to be
ranked according to

Al 82 O

q1 a2 qn
Through Proposition 1, we can characterize such maximalbeuraf active player
through the adaptation of critical thresholfis.. (), zim(a) and Fiim(a). They need

to be defined as follows

IN

Tim (@) = 2
E]m(a) UE:”I:‘(SIG))
with
oa) =3 T pa) = 50 L \(a) = max
P 02,1" — C2i i=1,,a ¢;

We deduce the following proposition.
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Proposition 3 Assumef is continuously increasing and ang(x)/x is decreasing.
Then

n*(z) = max (a < n| 2iim(a) < z and Fya,(a) < F|im(a)>

Whenevem*(z) is strictly positive, it is then feasible to ensure a positéffort for
then*(z) users through the quota policies defined in Proposition 2 Sét of quota
policies is expanded as

Q" (z) = (Whpar(n™ (2))z + (1 — w)FE,(2)) 2
where upper viable or precautionary quéta(z) correspond to:

f‘l(xnm(n*(x))))

xT

Fi(a) = min (oo (0o — 500”21 -

We can show how the number of active agents depends pogitimetesource stock
and negatively on heterogeneity of agents.

4 Conclusion

This paper addresses the problem of the sustainable maeagefa renewable re-
source based on individual and transferable quotas (IT@syvagents differ in terms
of harvesting efficiency. Through a quota policy, we havenbet@le to determine the
conditions under which a manager can achieve both ecolpgicanomic and social
objectives along time. In a dynamic bio-economic model, \areehidentify a maxi-

mal number of agents, viable resource states and possililepbicies to sustain a
constraint of positive effort for all the users.
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