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Abstract: How would the formation, stability, and success of an agreement on cooperative management between neigh-
bouring coastal states for a climate-sensitive fishery resource be affected by changes in the distribution and accessibility of
the resource within the exclusive economic zones (EEZs)? In scenario 1, the blue whiting (Micromesistius poutassou) is
harvestable in the EEZs of Norway, Iceland, the Faroe Islands, and the European Union (EU), as well as in the interna-
tional waters of the Northeast Atlantic and the Norwegian Sea. The Barents Sea is a fringe area for the species, and there
are no fisheries for blue whiting there. Hence, Russia is not regarded as a coastal state with respect to the blue whiting
fishery. This severely weakens the stability of the coastal state agreement. In scenario 2, the area of distribution of the har-
vestable stock expands into the Russian EEZ, giving it status as a coastal state with respect to the resource and, thus, a
partner in the management agreement. This secures the coastal state coalition the maximum attainable cooperative value
and increases the likelihood of a stable coastal state agreement.

Résumé : Comment l’établissement, la stabilité et le succès d’un accord sur la gestion en commun par des états côtiers li-
mitrophes d’une ressource halieutique sensible au climat sont-ils affectés par les changements dans la répartition et l’acces-
sibilité de la ressource dans les zones économiques exclusives (EZZ)? Dans un premier scénario, le poutassou
(Micromesistius poutassou) est récoltable dans les EZZ de Norvège, d’Islande, des ı̂les Féroé et de l’Union Européenne
(EU), de même que dans les eaux internationales du nord-est de l’Atlantique et de la mer de Norvège. La mer de Barents
représente une zone marginale pour l’espèce et il ne s’y fait pas de pêche de poutassous. La Russie n’est donc pas considé-
rée comme état côtier en ce qui concerne la pêche aux poutassous. Ce scénario affaiblit considérablement la stabilité de
l’accord entre les états côtiers. Dans le second scénario, l’aire de répartition du stock récoltable s’étend dans la EZZ russe,
ce qui donne à la Russie le statut d’état côtier en ce qui a trait à cette ressource et en fait un des partenaires de l’accord
de gestion. Ce scénario procure à la coalition d’états côtiers les conditions maximales possibles de coopération et aug-
mente la probabilité d’un accord stable entre les états côtiers.

[Traduit par la Rédaction]

Introduction

How would the formation, stability, and success of an
agreement on cooperative management between neighbour-
ing coastal states for a climate-sensitive fishery resource be
affected by changes in the distribution and accessibility of
the resource within the exclusive economic zones (EEZs) of
these states? A shift in the climate regime could have two
types of effects on a climate-sensitive fishery resource:
(i) changed biomass and (ii) changed area of distribution
and (or) migration pattern. Of course, both are possible and
closely linked. If the stock decreases in numbers, this will
have a corresponding effect on distribution. Abundance

changes may also have a density-dependent effect on catch-
ability. For the purpose of this paper, it is the distribution
and accessibility changes that are important, not necessarily
what causes them.

Though it is a challenging task to achieve efficient man-
agement of a fishery that is confined to a single jurisdiction
(Gordon 1954), further complications emerge when the tar-
geted fish population migrates across international bounda-
ries or straddles the boundary between a national
jurisdiction and the international waters of the high seas
(e.g., Munro 1979, 1987). In the case of a fish population
that migrates across international boundaries, harvesting in
each jurisdiction affects the availability of fish in the other
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jurisdiction (Criddle 1996; McKelvey 1997). If these nations
harvest the shared stock competitively, they will tend to
waste its potential value. Recognising that possibility, they
may attempt to work out a cooperative division of the har-
vest, but maintaining cooperation is difficult, and many in-
ternational agreements have degenerated into mutually
destructive fish wars. This instability appears to result from
changes over time in the parties’ incentives to cooperate
(Miller 1996; McKelvey 1997). Uncertainty regarding the
magnitude and sources of variations in fish stocks is another
stumbling block to cooperative harvest management. The
parties may have different information or beliefs about how
the stock is changing, and they may have a strategic interest
in concealing that information from one another, or in pro-
moting a particular interest-laden interpretation of the bio-
logical facts (Miller 2000).

The key questions in this literature have been the distribu-
tion of benefits arising from cooperative versus noncoopera-
tive management and stability of cooperative arrangements
(Sandberg 2005). The latter typically demands analysis of
incentives of individual players to defect from cooperation,
as well as credible punishment of defectors by remaining
players. When expected costs of a credible punishment are
higher than expected benefits of defecting from a coopera-
tive agreement, the agreement is self-enforcing, and vice
versa. Lindroos and Kaitala (2001) provide an overview of
this literature.

The likelihood of reaching a cooperative management of
transboundary fishery resources thus depends on numerous
factors. Munro (1979) was among the first to recognise that
when fish stocks are transboundary, different regulatory
bodies may have diverging social rates of discount, fishing
effort costs, or consumer tastes. In the absence of side pay-
ments, such differences will imply that the various parties’
views on optimal management will differ. Kaitala and Lind-
roos (2004) showed that timing may be important for
whether or not to cooperate.

Hannesson (1997) analysed which factors tend to sustain
cooperative management and found that a low (high) dis-
count rate, a small (large) number of parties and a high
(low) cost of fishing would make cooperative management
more (less) likely. Several papers have dealt with how (lim-
ited) access may influence incentives to cooperate among
the parties harvesting a fish stock. Assuming a uniformly
distributed stock, Hannesson (1997) illustrates two different
cases. In one of these, each identical player has sole access
to a share of the area where the stock is distributed. This
condition reflects a stock that is distributed across the EEZs
of more than one nation, where each nation has exclusive
access to harvest the resource in its own zone. Assuming
limited migration of the stock between areas, he finds such
designated access rights to increase the likelihood of cooper-
ation relative to a stock where all players have access to the
stock over its entire area of distribution. In the second case,
a dominant agent has access to the largest area of stock dis-
tribution, whereas a competitive fringe controls the remain-
ing area. In this case, he finds that the existence of a
competitive fringe reduces the optimal stock level, as well
as the corresponding net present value (NPV) of the fishery.

Arnason et al. (2000) discuss the benefit of cooperation
through the use of a surplus production model in which pri-

ces are constant and harvest costs depend on the stock, har-
vest, and distance to the exploitable biomass. They
investigate a number of different noncooperating coalitions
that only have access to the stock on the high seas and in
their own EEZs. In this way, limited access influences the
incentives to cooperate via the cost function.

The inherent difficulty of managing such resources sug-
gests that adaptation to the effects of climate variability and
climate change is likely to be less complete and effective
than might be the case for resources that are controlled by
private property owners. Furthermore, climatic variations
may destabilize efforts to cooperatively manage resources
that are shared among multiple jurisdictions.

Work that has been done on the implications of climate
regime shifts for fisheries management has largely been on
fisheries confined within the EEZ of one, or at most two,
coastal states (Hannesson et al. 2006). Miller and Munro
(2004) (see also Miller (2000) and Miller et al. (2001))
presents evidence for the significance of climatic regime
shifts and draws on the history of conflict between Canada
and the United States over Pacific salmon (Oncorhynchus
spp.) management to illustrate the dangers that unpredicted,
unanticipated environmental regime shifts pose for the ef-
forts to maintain international cooperation (Hannesson
2007). Another, well-documented example of this is the
coastal state agreement on the management of the Norwe-
gian spring-spawning herring (Clupea harengus) that was
suspended for two years (2003 and 2004) (Hannesson 2006)
when the stock failed to resume its expected migration pat-
tern by spending the winter in Norwegian coastal waters
rather than out in the open Norwegian Sea. The Norwegian
fishermen, in particular, were not content with their share of
the catches as the stock spent most of its time within the
Norwegian EEZ (Sissener and Bjørndal 2005). Further,
Miller (2007) examined the effects of climate variability on
a small number of economically important shared and highly
migratory marine fish resources and outlined the results of
previous case studies that highlight the disruptive effects of
climate variability on international harvest management ef-
forts. In these cases, limited understanding and poor predict-
ability of the biological impacts of climate variability
contributed to the dysfunction or breakdown of existing co-
operative management arrangements. Changing patterns of
abundance and availability also led to shifts in power rela-
tionships among the competing harvesting entities. Further-
more, Miller (2007) then explored the potential
management challenges posed by the effects of climatic var-
iability on tropical tuna stocks in the western and central Pa-
cific and western Indian oceans in light of the rapid
development of commercial fisheries for tropical tuna in
those regions over the past two decades. The fact that
coastal states’ EEZs encompass only part of the migratory
range of the target fish, as well as the significant role of dis-
tant water fishing nations (DWFNs) in harvesting these
stocks, creates an incentive structure that is quite different
from the previously described cases.

In this paper, we examine, within the framework of non-
cooperative, endogenous formation of coalitions and coali-
tion structures (Pintassilgo 2003; Lindroos et al. 2007), the
effects of distribution scenarios on a management agreement
between the coastal states with EZZs in which the blue
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whiting stock (Micromesistius poutassou Risso) in the
Northeast Atlantic is harvestable. In addition, the blue whit-
ing stock is harvestable on the high seas (international
waters), where it is accessible not only to the coastal states,
but also to vessels from DWFNs. The analysis is conducted,
drawing on the games and model described in Ekerhovd
(2008), by changing the shares (quarterly zonal attachment)
of the blue whiting stock available in the different EEZs and
the high seas.

In the past and at present, the blue whiting is harvestable
in the EEZs of Norway, Iceland, the Faroe Islands, and the
European Union (EU), as well as in the international waters
of the Northeast Atlantic and the Norwegian Sea, beyond
national jurisdiction. The Barents Sea is a fringe area for
the species, and there are no fisheries for blue whiting there
(Bailey 1982; Monstad 2004; Heino et al. 2008). Hence,
Russia, although a major participant in the blue whiting fish-
ery, is not regarded as a coastal state with respect to the blue
whiting fishery.

This outlines the basis for the game analysed in Ekerhovd
(2008) and one of the distribution scenarios analysed in this
paper in which the coastal states formed a coalition maxi-
mizing their cooperative value given Russia’s harvest in in-
ternational waters. The main finding in Ekerhovd (2008)
was that the benefits of the coastal state coalition are not
sufficiently large to cover all member states’ profits, simul-
taneously, to keep them from unilaterally leaving the coali-
tion while the other coastal states remain in the coalition.
However, if the option is either full costal state cooperation
or no cooperation at all, the prospects for achieving and
maintaining a coastal state coalition is brighter.

Another distribution scenario analysed here is a climatic
regime in which the ocean temperature becomes warmer
and the area of distribution of the harvestable blue whiting
stock expands into the Russian EEZ, which would give it
status as coastal state with respect to the resource and, thus,
a partner in the management agreement. The inclusion of
Russia as a coastal state will secure the maximum attainable
cooperative value for the coastal state coalition. Whether or
not the coalition becomes more stable depends on the extent
to which the increase in coalition value is sufficient to com-
pensate unilaterally the free-rider values of both Russia and
the other coastal states. By free-riding, we mean someone
who reaps (some of) the benefits of a cooperative arrange-
ment without participating in it.

The blue whiting fishery
The blue whiting stock migrates through the EEZs of the

EU, the Faroe Islands, Iceland, and Norway (Fig. 1), consid-
ered as the coastal states with respect to the stock, and into
the international waters beyond the EEZs (Fig. 1), where it
can be harvested by vessels from any country, not just the
coastal states. Besides the coastal states, Russia is an impor-
tant player in the blue whiting fishery.

After 1991, the landings of blue whiting steadily in-
creased, until they suddenly increased from about 650 thou-
sand tonnes in 1996 to 1.1 million tonnes in the next year
and continued increasing from then on more or less steadily
to about 2.4 million tonnes in 2004 (International Council
for the Exploration of the Sea (ICES) 2007). To be able to

fish blue whiting in the waters of other countries, the nations
have negotiated bilateral quotas within the various zones.
Because of the lack of agreed sharing of the quota, the ne-
gotiations did not consider the recommended total allowable
catch (TAC). In addition, each country allowed for unlim-
ited landings from its own waters, as well as from interna-
tional waters. As a result, the actual harvest in 2001 was in
fact almost three times as large as recommended by ICES
(2003).

As the landings of blue whiting grew to significant quan-
tities, it became clear that an international agreement was
needed on how to share this resource among the nations in-
volved. The North East Atlantic Fisheries Commission
(NEAFC) organized a series of meetings to this end, includ-
ing workshops, discussions, and negotiations. However, de-
spite two years of such meetings, in the early 1990s, when
the matter was thoroughly dealt with, no agreement was
reached on how to share the TAC, i.e., the quota recom-
mended by NEAFC on the basis of advice from ICES (Mon-
stad 2004; Bjørndal 2009).

NEAFC is a regional fisheries management organization
with membership open to all parties with real interests in
the fish stocks within the areas covered by the convention.
NEAFC is intended to serve as a forum for consultation, the

Fig. 1. The exclusive economic zones (EEZs) and the high seas
(North East Atlantic Fisheries Commission (NEAFC) regulatory
area) in the Northeast Atlantic (NEAFC convention area). Source:
Institute of Marine Research, P.O. Box 1870 Nordnes N-5817 Ber-
gen, Norway, with EEZs from Flanders Marine Institute (Belgium).
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exchange of information on fish stocks, and the management
of these and to advise on the fisheries in the high sea areas
mentioned in the convention on which the commission is
based. Because most of the fisheries take place within the
jurisdiction of the coastal states, NEAFC has no real man-
agement responsibilities beyond the fraction of the fish
stocks located within the high seas areas covered by the
convention (Bjørndal 2009).

However, in December 2005, the coastal states consisting
of the EU, the Faroe Islands, Iceland, and Norway signed an
agreement (Appendix A). The agreement, starting in 2006,
includes a long-term management strategy that implies an-
nual reductions in the landings until the management goals
are reached (Anonymous 2006). This arrangement provided
for catches in 2006 of 2 million tonnes, allocated as follows:
the EU, 30.5%; the Faroe Islands, 26.125%; Norway,
25.745%; and Iceland, 17.63%. Russia will be accommo-
dated by quota transfers from some of the coastal states and
additional catches in the NEAFC area (Appendix B).

Although it would be interesting to explicitly examine the
possible role of the practice of bilateral quota swapping in
maintaining cooperation when it would otherwise be diffi-
cult to sustain, we do not consider arrangements that allow
foreign vessels to fish blue whiting inside other nations’
EEZs. The quota-swapping bargaining involves exchanging
quotas on several different fish species, and in a proper anal-
ysis of these practices, several fisheries should be considered
simultaneously. While acknowledging the importance of bi-
lateral arrangements, we stylize the blue whiting manage-
ment and assume that the fleets fish in their respective
EEZs and in the high seas areas, the NEAFC regulatory
area (NEAFC RA).

Material and methods

Distribution of the blue whiting stock
The year (y) is divided into quarters, j, and i denotes the

respective fleets (for a list of symbols, see Table 1). In the
noncooperative case, the is are identical to the EEZs of the
coastal states, and NEAFC RA (Bjørndal 2009) are the in-
ternational waters (Fig. 1). Thus, qi,j denotes the shares of
the blue whiting stock available for harvest in the different
waters throughout the year. Harvest within a certain year is
modelled sequentially. That is, the blue whiting stock mi-
grates through different waters during a year (Fig. 2) and is
available for harvest in different proportions in the EEZs
and the high seas areas in the Northeast Atlantic, depending
on the season. When the blue whiting is not present in a
coastal state’s EEZ, the fleet from that country can only
fish blue whiting in international waters, if possible. This is
a simplification that we make. In reality, bilateral agree-
ments exist allowing foreign vessels access to the stock in
national waters. Otherwise, they can harvest in their home
waters, as well as on the high seas.

The Norwegian Sea and the Barents Sea area is one of the
world’s richest, purest, and most productive marine areas
and is one where the climate, in both the sea and the atmos-
phere, is expected to change in response to global warming
(Arctic Climate Impact Assessment (ACIA) 2004; Stenevik
and Sundby 2007; Ellingsen et al. 2008).

As the water temperature rises, the blue whiting’s distri-

bution boundaries will probably be extended to the north
and east, and it is likely to occur in the area in higher con-
centrations and more regularly than in the past. Eventually,
the blue whiting will possibly inhabit the southwestern parts
of the present Arctic area on a permanent basis (ACIA
2004).

However, there is considerable uncertainty about the real-
isation of the above scenario, and the effects of climate
change on the blue whiting in the Barents Sea might be
small or insignificant. Simulations show that there will be
no change in the decadal mean flow of water into the
Barents Sea during the next 50 years, but the temperature
of the water transported into the Barents Sea will become
significantly higher (increase of about 1 8C during the pe-
riod) (Ellingsen et al. 2008). Even though the simulation re-
sults show that the future climate will be warmer, there are
also years when the climate is comparable to periods of the
present climate. The position of the Polar Front in the
Barents Sea, separating the warm Atlantic water from the
cold Arctic water, is strongly governed by topography in
the western part of the Barents Sea. In the east, where the
topographic control is weak, changes of the position of the
Polar Front towards the north and east are more likely
(ACIA 2004).

The blue whiting stock increased from 1995 to 2004, when
it started to decline. Simultaneously to the increased stock
size, the stock expanded its horizontal distribution area to-
wards north and west. When the stock started to decline again, it
remained in the northern and western areas (K.R. Utne (Institute
of Marine Research, Nordnesgt. 33, 5085 Bergen, Norway,
kjell.rong.utne@imr.no), G. Huse, G. Ottersen, V. Zabavnikov,
J.A. Jacobsen, G.J. Óskarsson, and L. Nøttestad, unpublished data).

Hátún et al. (2009b) documented a link between a weak
subpolar gyre (Hátún et al. 2005) and strong blue whiting
recruitment, along with a shift in spawning area, from south
to north, i.e., from the Porcupine Bank southwest of Ireland
to the Rockall Plateau west of the Hebrides (Salthaug 2009).
Furthermore, Hátún et al. (2009a) showed that during the
warm and saline condition, associated with a weak subpolar
gyre index, the blue whiting fishery was more spatially dis-
tributed towards the western areas in Icelandic and Faroese
waters than in colder and less saline periods. This indicates
that under warmer climatic conditions, blue whiting distribu-
tion does not necessarily, or at least not only, expand its
boundaries to the north and east in the Barents Sea, but
rather to the north and west in the Norwegian Sea.

Here we present some potentially plausible relative shares
(Tables 2 and 3) that we have postulated. It is difficult to
determine the relative shares empirically, especially scenario
2, as a situation in which Russia is able to harvest blue whit-
ing in its EEZ and is regarded as coastal state by the others
has not been observed. Therefore, the shares are used illus-
tratively and intended only to represent possible scenarios.

Scenario 1
Scenario 1 (Table 2) denotes the case of a more westerly

distribution of the blue whiting stock in the Norwegian Sea.
Spawning takes place in the waters between Iceland and the
Faroe Islands, as well as in EU waters. The westerly distri-
bution reduces the availability of the blue whiting in interna-
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tional and Norwegian waters, and Russia is not regarded as
a coastal state.

The blue whiting stock becomes more evenly distributed
within the initial coastal states’ EEZs, and between the
EEZs and the high seas. Furthermore, Russia is excluded
from participating in the coastal state coalition, as in Eker-
hovd (2008).

Scenario 2
Scenario 2 (Table 3) denotes the case in which the habitat

of the blue whiting expands northeastward into the Barents

Sea such that Russia becomes a coastal state and the blue
whiting appears in Norwegian waters during the second
quarter, in addition to EU and Faroese waters.

Biological submodel
Our model encompasses age groups 1 to 10+. The age

groups are harvested simultaneously by applying a fleet-
specific fishing mortality Fa,j,i to all age groups. The catch
rate for each fleet i is governed by two parameters, the ef-
fort, Xi, and the accessability coefficient, qa,j, where a de-
notes the age group and j denotes the season. This is a

Table 1. List of symbols and abbreviations.

Definition Range Unit Subscript

Subscripts
a Age {1, 2, . . ., 10+} years
y Time Current year
j Quarter {1, 2, 3, 4}
i Fleet index n
n Number of fleets Fleets

Variables
N Abundance Numbers a, j, y
SSB Spawning stock biomass kg y
R Recruitment Numbers y
X Fishing effort i
P Profit NOK i,j,y
V Value NOK i
P Coalition value NOK i
F Fishing mortality a,j,i

Parameters
m Natural mortality 0.2 a
p Price 0.8 NOK
r Discount rate 5%
q Zonal attachment cf. Tables 2 and 3 i,j
mo Maturity ogive cf. Table 4 a
q Accessability cf. Table 4 a,j
w Weight cf. Table 4 a
a Recruitment parameter cf. Table 5
b Recruitment parameter cf. Table 5
c Cost parameters cf. Table 6 i

Abbreviations
ACIA Arctic Climate Impact Assessment
NEAFC North East Atlantic Fisheries Commission
RA Regulatory area
ICES International Council for the Exploration of the Sea
ACFM Advisory Committee on Fisheries Management
NOK Norwegian kroner
CS Coastal states
C Coalition structure
S Coalition
DWFN Distant water fishing nation
TAC Total allowable catch
EU European Union
FO Faroe Islands
IS Iceland
NO Norway
RU Russia
NPV Net present value
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version of the classical Schaefer (1957) production function,
which assumes proportionality between effort and fishing
mortality.

The selectivity of the pelagic trawls used in the blue whit-
ing fishery is, at least in principle, uniform for all age
groups, meaning that the gear catches fish indiscriminately
of size or age. The reason for this lack of age-specific es-
capement from the gear is that in the opening of the trawl,
which covers a huge area of water (Standal 2006), the mesh
size is quite large, several metres in fact (Bailey 1982), and
at the other end, where the fish finally end up, the mesh size
is much smaller, about 50 mm. Furthermore, there are one
or two extra nets outside the fish end to prevent it from
breaking as a result of the increased pressure generated
when the swim bladder expands as the fish is forced to the
surface (Monstad 2004).

The abundance of each age group in landings from spe-
cific areas varies over time and is governed by many factors.
The age distribution of the landings is not uniform across
the age groups. Instead, we stylize the accessibility coeffi-
cients based on assumptions about the age distribution for
each area that seems reasonable (Table 4). In the first two
quarters of the year, the stock is either migrating towards or
already in the spawning areas (Fig. 2). Therefore, the acces-

sibility coefficients for quarters 1 and 2 are set equal to the
age-specific proportion of the maturity ogive, that is, the age
distribution of the harvest is equal to the age distribution in
the spawning stock biomass (SSB). In quarter 3, the stock

Fig. 2. Map summarizing the migration pattern and areas of con-
centration of adult blue whiting (Micromesistius poutassou).
Source: Institute of Marine Research, P.O. Box 1870 Nordnes N-
5817 Bergen, Norway.

Table 2. Scenario 1 — quarterly zonal attachment, qi,j, of the
blue whiting (Micromesistius poutassou) stock.

Quarter

1 2 3 4

Scenario 1a
NEAFC RA 1/2 0 1/6 1/6
EU 1/2 1/2 0 0
FO 0 1/4 1/3 1/3
IS 0 1/4 1/3 1/3
NO 0 0 1/6 1/6
RU 0 0 0 0

Scenario 1b
NEAFC RA 1/2 0 1/4 1/4
EU 1/2 1/2 0 0
FO 0 1/4 9/32 9/32
IS 0 1/4 9/32 9/32
NO 0 0 3/16 3/16
RU 0 0 0 0

Scenario 1c
NEAFC RA 1/2 0 1/4 1/4
EU 1/2 1/4 0 0
FO 0 1/4 1/4 1/4
IS 0 1/4 1/4 1/4
NO 0 1/4 1/4 1/4
RU 0 0 0 0

Note: See Table 1 for abbreviations.

Table 3. Scenario 2 — quarterly zonal attachment, qi,j, of the
blue whiting (Micromesistius poutassou) stock.

Quarter

1 2 3 4

Scenario 2a
NEAFC RA 1/3 0 1/3 1/3
EU 1/3 1/3 0 0
FO 1/9 1/3 1/9 1/9
IS 1/9 0 1/9 1/9
NO 1/9 1/3 1/3 1/3
RU 0 0 1/9 1/9

Scenario 2b
NEAFC RA 1/2 0 1/4 1/4
EU 1/8 1/3 0 0
FO 1/8 1/3 1/6 1/6
IS 1/8 0 1/6 1/6
NO 1/8 1/3 1/4 1/4
RU 0 0 1/6 1/6

Scenario 2c
NEAFC RA 1/4 0 1/5 1/5
EU 1/4 1/4 0 0
FO 1/6 1/4 1/5 1/5
IS 1/6 1/4 1/5 1/5
NO 1/6 1/4 1/5 1/5
RU 0 0 1/5 1/5

Note: See Table 1 for abbreviations.

Ekerhovd 539

Published by NRC Research Press



has finished spawning and has migrated to the feeding areas
in the Norwegian Sea. As the older individuals start the mi-
gration earlier and travel farther than the younger ones
(Bailey 1982), they are too widely dispersed on their migra-
tion to be caught. Moreover, younger individuals are re-
ported as being over-represented in the landings from the
Norwegian Sea during summer (Heino 2006). Furthermore,
the accessibility coefficients of quarter 3 are set to unity for
the younger age groups, while being held at a lower level
for the older ones. In quarter 4, we assume that the entire
stock congregates before starting the migration back to the
spawning grounds. This results in a uniform age distribution.
Note that the qa,js distribute the overall fishing effort across
the different age groups (Table 4).

All age classes are subject to natural mortality, m, set to
0.2 for all age groups, which appears to be a common as-
sumption and used for stock assessment (ICES 2007). It is
assumed that only the older component of the population
(from age class 7 on) is fully mature, whereas the younger
age classes are only partially mature. The values for the ma-
turity ogive (Table 3) were estimated by the 1994 Blue
Whiting Working Group (ICES 1995). The estimate of the
maturity ogive defines the proportion of the mature individ-
uals in the age class as constant average, moa, for each age
class. The annual SSB is then given by

ð1Þ SSBy ¼
X10þ

a¼1

moawaNa;y

where w is the individual weight (in kilograms; Table 4;
ICES 2007), and N is the number of fish.

The stock in the beginning of the first quarter of each
year is equal to the recruitment to the youngest cohort plus
the fish that survived the last quarter of the previous year.

To determine a possible stock–recruitment relationship,
we try to fit the well-known stock–recruitment models of
Beverton and Holt (1957) and Ricker (1954) to data on the
SSB and recruitment. However, we failed to obtain any sat-
isfactory fit between the data and the models (Ekerhovd
2008). Instead, a serially correlated recruitment relationship,
estimated on the recruitment from 1981 to 2006, reported in

ICES (2007), was used in linking the number of recruits, Ry,
to the previous year’s recruitment, Ry–1. An explanation for
this relationship is that the recruitment is mainly dependent
on various environmental factors such that a possible stock–
recruitment relationship drowns in the noise (Ekerhovd
2008). In addition, the serial correlation that we found indi-
cates that good or bad environmental conditions occur at
least two years in a row (Fig. 3).

When running this serially correlated recruitment process,
starting from any initial recruitment level, the recruitment
will converge to a certain recruitment level given the param-
eter values, and this level is independent of the fishing effort
applied. This means that the steady-state recruitment of the
serially correlated recruitment process (Table 5) will be
about 21.5 billion individuals entering the fishable stock in
steady state (Fig. 4). This recruitment level is relatively
strong if we compare it with the average recruitment of the
period 1981–1995, which was less than 10 billion recruits,
but moderate if we compare it with the average recruitment
of about 36 billion for the years 1996–2005. Such a strong
and reliable recruitment would lead to an unrealistic and
overoptimistic valuation of the stock and leave us with the
impression that the stock can sustain a very high fishing ef-
fort indefinitely. To compensate for this and in spite of the
fact that we were unable to establish any stock–recruitment
relationship, we let the recruitment process be dependent on
the SSB, as follows.

In 1998, ICES’s Advisory Committee on Fisheries Man-
agement (ACFM) defined limit (lim) and precautionary (pa)
reference points for this stock as follows: Blim (1.5 million
tonnes), Bpa (2.25 million tonnes), Flim (0.51), and Fpa
(0.32) (ICES 1998). The advice of ACFM in the following
years has been given within a framework defined by these
reference points (ICES 2003).

Note that we do not treat the reference points as some-
thing that the countries have agreed upon (Lindroos 2004),
but rather as a biological feature of the stock, and that fish-
ing could continue even when the spawning stock is below
Blim.

As long as SSB is greater than or equal to Bpa, we let the
recruitment follow the serially correlated process Ry = a +

Table 4. Blue whiting (Micromesistius poutassou): proportion of maturation, acces-
sibility, weight at age (kg�individual–1), and numbers at age (in millions) in 2000 and
2006.

Accessibility coefficients Numbers at age

Age
group moa* qa,3 qa,4

Weight
at age 2000 2006

1 0.11 1.00 1.00 0.049 39 743.1 1 1141.0
2 0.40 1.00 1.00 0.075 16 963.6 18 435.0
3 0.82 1.00 1.00 0.102 16 123.1 18 369.9
4 0.86 1.00 1.00 0.125 12 150.7 15 955.9
5 0.91 0.50 1.00 0.147 3 813.6 7 862.8
6 0.94 0.25 1.00 0.168 909.8 5 220.1
7 1.00 0.10 1.00 0.185 435.0 1 440.2
8 1.00 0.10 1.00 0.200 207.4 337.0
9 1.00 0.10 1.00 0.222 138.7 209.3

10+ 1.00 0.10 1.00 0.254 384.3 171.1

*Maturity ogive, used as an age-specific accessability coefficient in catches of the first and
second quarters, qa,1 and qa,2, respectively.
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b � Ry–1. If SSB falls below Bpa but stays above Blim, the
recruitment is fixed at a and 5113.6 million individuals are
recruited annually. Further reduction of SSB below Blim
leads to partial recruitment failure, with recruitment drop-
ping to only 500 million recruits annually. Hence,

ð2Þ Ry ¼

500 if SSBy�1 < Blim

a if Blim � SSBy�1 < Bpa

aþ b� Ry�1 otherwise

8>><
>>:

The empirical foundation for what will happen to the re-
cruitment if the SSB is severely reduced is weak. Over the
period from 1981 to 2006 (Fig. 5), a SSB below Blim has
hardly been observed, was reported to be less than Bpa only
a few times, and certainly did not collapse. Moreover, the
period from 1996–2005 can be regarded as extraordinary. In
hindsight, and in spite of the high and increasing fishing
mortality of this period, the SSB is estimated to have been
about 4.3 million tonnes in 2000, about 4.6 million tonnes
in 2001, and increasing until at least 2003 (Fig. 5). How-
ever, evidence from other heavily exploited fish stocks sug-
gests that sustained harvesting outside what is considered
safe biological limits will eventually lead to recruitment fail-
ure and stock collapse, although under favourable environ-
mental conditions, it may take some time for this to become
evident. Hence, we have decided to follow the biologists in
assuming that low SSB and high fishing mortality indicate
that the stock is harvested outside safe biological limits that
will eventually end in a recruitment failure.

The numbers of fish at the beginning of a season that have
survived previous quarter’s harvest and avoided death by natu-
ral causes are given as follows (dropping the year subscript y):

ð3Þ Na;j ¼ Na;j�1

X
i

qi;j�1 e�½m=4þqa;j�1Xi� þ qNEAFC;j�1 e�½m=4þqa;j�1
P

iXi�
( )

Game theory
Before we continue with the economic model, we discuss

equilibrium concepts and solution methods.
To predict the outcome of the game, we focus on the pos-

sible strategy profiles, as it is the interaction of the different
players’ strategies that determines what happens. The dis-
tinction between strategy profiles, which are sets of strat-

egies, and outcomes, which are sets of values of whichever
variables are considered interesting, is a common source of
confusion (Rasmusen 2007). Often different strategy profiles
lead to the same outcome.

Predicting what happens consists of selecting one or more
strategy profiles as being the most rational behaviour by the
players acting to maximize their payoffs.

Fig. 3. Blue whiting (Micromesistius poutassou) recruitment (in millions) observed (^) and estimated (&) using the serial recruitment re-
lationship Ry = a + b � Ry–1, plotted over time, 1981–2006 (ICES 2007).

Table 5. Estimated serially recruitment relationship fitted to data
from 1981–2006 (ICES 2007).

Parameters

a b R2
adjusted

Durbin–Watson
test statistic

5113.6 (3790.4) 0.76 (0.14) 0.56 1.51

Note: Standard errors in parentheses.
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An equilibrium X� ¼ ðX�1 ; :::; X�nÞ is a strategy profile con-
sisting of a best strategy for each of the n players in the
game. (Rasmusen 2007, p. 18)

The equilibrium strategies are the strategies that players
pick in trying to maximize their individual payoffs, as dis-
tinct from the many possible strategy profiles obtainable by
arbitrarily choosing one strategy per player. In game theory,
the set of payoffs would be an equilibrium outcome, but the
equilibrium itself would be the strategy profile that gener-
ated the outcome.

To find the equilibrium, it is not enough to specify the
players, strategies, and payoffs, because we must also decide
what ‘‘best strategy’’ means. We do this by defining an equi-
librium concept.

An equilibrium concept or solution concept
H(X1, . . ., Xn, V1, . . ., Vn) ? X* is a rule that defines an
equilibrium based on the possible strategy profiles and
the payoff functions. (Rasmusen 2007, p. 18)

Accepted solution concepts do not guarantee uniqueness,
and lack of a unique equilibrium is a major problem in
game theory. Often the solution concept employed leads us
to believe that the players will pick one of the two strategies
A or B, but we cannot say whether A or B is more likely.

A model with no equilibrium or multiple equilibria is
underspecified. The modeller has failed to provide a full
and precise prediction for what will happen. One option is
to admit that the theory is incomplete. Or perhaps the situa-
tion being modelled really is unpredictable, in which case to

Fig. 4. Development of the serially correlated recruitment relationship Ry = a + b � Ry–1 over time from a high 2001 (�) and a low 2006
(*) initial recruitment level, respectively.

Fig. 5. Blue whiting (Micromesistius poutassou) spawning stock biomass (SSB), 1981–2006 (ICES 2007).
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make a prediction would be wrong. Another option is to re-
new the attack by changing the game’s description or the
solution concept (Rasmusen 2007).

In discussing equilibrium concepts, it is useful to have a
shorthand for ‘‘all other fleets’ fishing efforts.’’ For any vec-
tor I = (I1, . . ., In), denote by I–i the vector (I1, Ii–1, Ii+1, . . ., In),
which is the portion of I not associated with fleet i.

Using this notation, X–i is the profile of fishing effort
strategies for every fleet except for fleet i. That profile is of
great interest to i, because it uses it to help choose its own
fishing effort, and the new notation helps define its best re-
sponse. Fleet i’s best response to the fishing efforts X–i
chosen by the other fleets is the fishing effort X�i that yields
it the greatest NPV, that is,

ð4Þ ViðX�i ;X�iÞ � ViðX 0i;X�iÞ 8 X 0i 6¼ X�i

The best response is strongly best if no other fishing efforts
are equally good, and weakly best otherwise.

Nash (1951) equilibrium is the standard equilibrium con-
cept in economics. Nash equilibrium is so widely accepted
that the reader can assume that if a model does not specify
which equilibrium concept is being used, it is Nash or some
refinement of Nash.

The fishing effort (strategy) profile is a Nash equilibrium
if no fleet (player) has incentives to deviate from its fish-
ing effort given that the other fleets do not deviate. (Ras-
musen 2007, p. 26)

Formally,

ð5Þ 8i; ViðX�i ;X��iÞ � ViðX 0i ;X��iÞ; 8X 0i
A straddling stock fishery usually involves many coun-

tries and fleets. The analysis of games in which the number
of players exceeds two requires analysis of coalitions (Su-
maila 1999). A coalition means a subset of the set of play-
ers. Two or more countries are considered to form a
coalition if they ratify (or sign) a mutual agreement on the
particular fishery. Three types of coalition scenarios may re-
sult. If all parties concerned sign the agreement, the situa-
tion is denoted full cooperation, and a grand coalition is
said to be formed. If some countries are left outside the
agreement, the situation is denoted partial cooperation, and
the outsiders may act as free riders (Lindroos et al. 2007).
Finally, in the case of noncooperation, there are no agree-
ments between the countries, and each is only interested in
maximizing individual net present value from the fishery.
The value for coalition members depends on the particular
behaviour of nonmembers. The assumption made in this pa-
per is that nonmembers of the coastal state coalition act as
single fleets (singletons) and adopt individually best-
response fish efforts (strategies) against other fleets. This re-
sults in a Nash equilibrium between the fleets.

In a second stage, it is assumed that the members of the
coalition act cooperatively, forming a single common fleet,
by choosing a fishing strategy that maximizes the net
present value for the coalition, given the strategies of the
outsiders. The outsiders, or all players in the case of non-
cooperation, choose the strategy that maximizes their own
individual net present values given the behaviour of the
other players. This noncooperative behaviour leads to a non-

cooperative solution for each coalition structure (Lindroos et
al. 2007).

The game is solved backwards. The result will be a Nash
equilibrium of the game where it is not profitable for any of
the coalitions or players to unilaterally deviate from the
equilibrium strategies. The procedure for solving the game
has to be repeated for each possible coalition structure. Hav-
ing solved all these games allows us to proceed to stage 1 to
find the equilibrium coalition structure. Of course, there may
exist several equilibrium coalition structures, one equili-
brium, or none at all.

In the blue whiting fishery game, each player simultane-
ously announces a list of players (including itself) with
whom it is willing to form a coalition. The players that an-
nounce exactly the same list of nations belong to the same
coalition. Given the players’ announcements, the resulting
coalition structure is one in which the players belong to the
same coalition if and only if they choose exactly the same
list of players (Yi 2003). Coalition structures C can be char-
acterized as follows.

Let us assume the coastal states in scenario 1, consisting of
the European Union (EU), the Faroe Islands (FO), Iceland (IS),
and Norway (NO), with Russia (RU) as a DWFN. If the coastal
states find it beneficial to form a coalition (EU,FO,IS,NO),
while (RU) formulates its own unilateral fishing effort strat-
egy, the coalition structure is (EU,FO,IS,NO),(RU). Clearly,
the benefits of the coastal state coalition must depend on the
fishing effort decision of Russia because externalities are
present in fisheries (Pintassilgo 2003).

In scenario 2, on the other hand, the coastal states, now con-
sisting of the European Union (EU), the Faroe Islands (FO),
Iceland (IS), Norway (NO), and Russia (RU), find it beneficial
to form a coalition (EU,FO,IS,NO,RU). Thus, the coastal
states act as a cooperative unit, full cooperation is achieved,
and (EU,FO,IS,NO,RU) is the resulting coalition structure.

If we compare the NPVs of the coastal state coalitions,
we will typically find that it is larger in scenario 2 when all
countries cooperate than in scenario 1, when Russia is out-
side the coalition, unilaterally maximizing its own NPV.

We can calculate the net present values for the coalition
game setting. We do not, however, calculate the NPVs for
every possible coalition structure of the game but restrict
our analysis to calculate the NPVs of the coastal state coali-
tion and the NPVs accruing to its members from unilateral
free-rider behaviour. In addition, we calculate the individual
NPV to players when all act noncooperatively.

For the singletons, we assume that the countries play a
noncooperative game. This means that when a country does
not belong to any coalition, it does not cooperate, and all
that it can do is maximize its own profit, taking into account
the strategies of the other players.

The countries outside the coalition will play noncoopera-
tively against the coalition members. Thus, the members of
the coalition will try to do their best, taking into account the
actions of the outside countries and vice versa.

Under full cooperation, the value of the grand coalition,
where all players are cooperating, is given by maximizing
the sum of net revenues of the countries.

A coalition is said to be stable if there is no player that
finds it optimal to join the coalition (external stability) and
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if no player within the coalition finds it optimal to leave the
coalition (internal stability) (Lindroos et al. 2007).

When determining the stability properties of the coastal
state coalition, it is sufficient to check for internal stability.
To verify this, we can apply the criterion of stand-alone
stability (Yi 1997), which states that a coalition is stand-
alone stable if and only if no player finds it profitable to
leave its coalition to form a singleton coalition, holding the
rest of the coalition structure constant (including its former
coalition). In the case of the coastal state coalition, this oc-
curs when no coastal state is interested in leaving the coastal
state coalition to adopt a free-rider behaviour.

In the management of shared and straddling fish stocks,
positive externalities are expected to be present. In fact, as
the members of a coastal state agreement tend to adopt strat-
egies conserving the stock, a nonmember state is typically
better off the greater the number of states that join the
agreement. Pintassilgo (2003) established that the existence
of externalities is a necessary, but not sufficient, condition
for a coalition structure not to be stand-alone stable. To do
so we define the coalition value.

A game in partition function form specifies a coalition
value P(S, C) for every coalition structure and every coa-
lition S that is an element of C. (Pintassilgo 2003, p. 179)

Formally, this can be written as:

ð6Þ PðS;CÞ ¼ VðS;CÞ �
X
i2S

VðSi;CTÞ

where P(S, C) denotes the net value of coalition S under the
coalition structure C; V(S, C), the NPV of coalition S under
coalition structure C; Si, a singleton coalition formed only
by player i; and CT, the coalition structure in which all
players act as singletons. Therefore, V(Si, CT) is the threat
point of player i.

A sufficient condition for a coalition structure not to be stand-
alone stable is that the sum of the coalition value of the singleton
coalitions, resulting from unilateral deviations from any of its
coalitions, exceeds the value of that coalition (Pintassilgo 2003).

Economics
ICES’s ACFM Northern Pelagic and Blue Whiting Work-

ing Group has conducted surveys and published reports on
the development of the blue whiting stock. Data available
on the economics of the blue whiting fishery, on the other
hand, are scarce, not at all structured, dispersed, and not
consistent. The exception is the Norwegian revenue surveys,
collected by the Directorate of Fisheries 1991–2004, in
which data from vessels targeting blue whiting along with
several other important species are published (Ekerhovd
2007). Because of the severe data constraints, we build the
model and determine intuitively those parameters that can-
not be estimated for lack of data.

The profit earned by fleet i during a quarter of the year is
as follows (dropping the year subscript y):

ð7Þ P i;j ¼ pXi

X10þ

a¼1

qa;jNa;jwa

qi;jð1� e�½m=4þqa;jXi�Þ
m=4þ qa;jXi

þ
qNEAFC;j

�
1� e�½m=4þqa;jðXiþX�iÞ�

�
m=4þ qa;jðXi þ X�iÞ

2
4

3
5� ciXi=4

The first line of the right-hand side of eq. 7 is simply the
price per unit, p (because most of the blue whiting landed is
used for low-priced products such as fish meal and fish oil,
the price is set equal to 0.8 NOK�kg–1), multiplied by the
weight of fleet i’s quarterly harvest of all age groups, where
wa denotes the individual fish weight at age (Table 4).
Again, note that Xi denotes fleet i’s fishing effort, qa,j, the
quarterly age-specific accessibility coefficients, and Na,j, the
number of fish in age group a at the beginning of quarter j
that have survived the previous quarter’s harvest and
avoided death by natural causes (cf. eq. 3). The first expres-
sion inside the brackets is the share of the total quarterly
mortality from fishing in fleet i’s EEZs, where qi,j denotes
the shares of the total stock occupying the respective fleet’s
(coastal states) EEZs in quarter j, m/4 is the quarterly natu-
ral mortality, and qa,jXi is the age-specific quarterly fishing
mortality produced by fleet i’s fishing effort only. Likewise
for the second expression inside the brackets, but here
qNEAFC,j denotes the share of the total stock occupying the
high seas inside NEAFC convention area (Tables 2 and 3).
In these waters (the NEAFC RA), fishing is open to all
fleets. Therefore, the total age-specific quarterly fishing
mortality here, qa,j(Xi + X–i), is a function of the sum of all
fleets fishing effort (X–i is the other fleet’s fishing efforts).
The expression on the second line is fleet i’s total quarterly

costs, where ci is fleet i’s cost parameter (Table 6), for every
coalition structure and zonal attachment distribution in the
game.

Here X is purely notational, and the only modes of coop-
eration observed are where the countries compete against
each other, i.e., no cooperation at all, or full cooperation
among the coastal states, with Russia as a nonmember.
However, there are several possible ways in which the coun-
tries can engage in partial cooperation that are not observed
in real life. Nevertheless, these intermediate and hypotheti-
cal levels of cooperation are important in finding the Nash
equilibrium in a coalition game. Hence, to be able to pro-
ceed with this analysis, we need a consistent method of find-
ing cost parameters for every coalition under every
imaginable coalition structure. This method is as follows.
Assume that all fleets apply an effort, X?, that results in a
minimum recruitment such that the minimum stock level is
reached after 35 years. The resulting cost parameters
(Table 6) were set such that the present value of the reve-
nues was absorbed by the costs. Our goal here is not to find
the intramarginal profit of open access based on rational be-
haviour but intuitively determine those coefficients that can-
not be estimated for lack of data.

The NPV of fleet i as a function of the control variable Xi
is given by
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ð8Þ ViðXi;X�iÞ ¼
X1
y¼0

P4
j¼1 P i;j;y

ð1þ rÞy

where r is the rate of discount (a 5% discount rate is used
throughout the calculations).

We can now use this (eq. 8) to find the best-response
(eq. 4) Nash equilibria (eq. 5) for all coalitions and players
in a given coalition structure. Then we can proceed with the
analysis of the stability of the coastal state coalition.

Results
The best-response Nash equilibrium (cf. eqs. 4, 5, and 8)

for each coalition structure in the game (Tables 7 and 9) are
used to calculate the coalition values (Tables 8 and 10) of
the coastal state coalition for scenario 1 and scenario 2, re-
spectively, by subtracting the sum of the noncooperative
payoffs to the individual coastal states from the payoff to
the coastal state coalition (cf. eq. 6). The coastal states indi-
vidual (coalition) values from unilateral deviation from the

Table 6. Coalition cost parameter (in million NOK).

X? CS EU FO IS NO RU

Scenario 1a
(EU,FO,IS,NO,RU) 0.1301 6735
(EU,FO,IS,NO),(RU) 0.104 5776 1953
(EU,FO,IS,RU),(NO) 0.104 4416 3314
(EU,FO,NO,RU),(IS) 0.104 5609 2121
(EU,IS,NO,RU),(FO) 0.104 5178 2552
(FO,IS,NO,RU),(EU) 0.104 5223 2507
(EU),(FO),(IS),(NO),(RU) 0.0655 2387 2460 2054 3243 1894

Scenario 1b
(EU,FO,IS,NO,RU) 0.1301 6735
(EU,FO,IS,NO),(RU) 0.106 5540 2100
(EU,FO,IS,RU),(NO) 0.106 4645 2995
(EU,FO,NO,RU),(IS) 0.106 5352 2288
(EU,IS,NO,RU),(FO) 0.106 4929 2711
(FO,IS,NO,RU),(EU) 0.106 5496 2144
(EU),(FO),(IS),(NO),(RU) 0.0688 2009 2585 2198 2872 2021

Scenario 1c
(EU,FO,IS,NO,RU) 0.1301 6735
(EU,FO,IS,NO),(RU) 0.113 5453 1684
(EU,FO,IS,RU),(NO) 0.113 4882 2255
(EU,FO,NO,RU),(IS) 0.113 4882 2255
(EU,IS,NO,RU),(FO) 0.113 4882 2255
(FO,IS,NO,RU),(EU) 0.113 5437 1701
(EU),(FO),(IS),(NO),(RU) 0.0815 1584 2160 2160 2160 1627

Scenario 2a
(EU,FO,IS,NO),(RU) 0.111 6071 1253
(EU,FO,IS),(NO),(RU) 0.0955 5716 1863 1272
(EU,FO,NO),(IS),(RU) 0.0955 5054 2925 1272
(EU,IS,NO),(FO),(RU) 0.0955 5054 2925 1272
(FO,IS,NO),(EU),(RU) 0.0955 4874 2705 1272
(EU),(FO),(IS),(NO),(RU) 0.0765 2537 2699 2699 1812 1219

Scenario 2b
(EU,FO,IS,NO),(RU) 0.106 6107 1553
(EU,FO,IS),(NO),(RU) 0.0895 5435 2136 1495
(EU,FO,NO),(IS),(RU) 0.0895 4800 2772 1495
(EU,IS,NO),(FO),(RU) 0.0895 4800 2772 1495
(FO,IS,NO),(EU),(RU) 0.0895 4691 2881 1495
(EU),(FO),(IS),(NO),(RU) 0.0688 2734 2706 2706 2093 1446

Scenario 2c
(EU,FO,IS,NO),(RU) 0.106 6107 1553
(EU,FO,IS),(NO),(RU) 0.0895 4907 2665 1495
(EU,FO,NO),(IS),(RU) 0.0895 4907 2665 1495
(EU,IS,NO),(FO),(RU) 0.0895 4907 2665 1495
(FO,IS,NO),(EU),(RU) 0.0895 5006 2566 1495
(EU),(FO),(IS),(NO),(RU) 0.0688 2444 1446

Note: See Table 1 for abbreviations.
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coastal state coalition while the others remain in the coali-
tion are found by subtracting the individual country’s nonco-
operative payoff from the payoff from unilaterally deviating
from the coastal state coalition (Tables 8 and 10).

Scenario 1
In scenario 1, the spawning takes place in the EEZs of the

EU, the Faroe Islands, and Iceland, in scenario 1c in Norway’s
EEZ as well, and there is no blue whiting in Russia’s EEZ
(Table 2). Hence, Russia is not a partner in the blue whiting
agreement and therefore always operates as a DWFN.

We see that the benefits provided in terms of coalition
values when all of the coastal states cooperate in a coalition
are negative (NOK –420 million, –422 million, and –421
million for scenarios 1a, 1b, and 1c, respectively; Table 8).
For the coastal state coalition to be stand-alone stable, its

value has to be greater than the sum of its members’ indi-
vidual coalition values. This is clearly not the case; the indi-
vidual coalition values are all positive, whereas the coastal
state coalition values are negative (Table 8). Thus, in the
scenario in which a warmer climate leads to a more westerly
distribution of the blue whiting stock, a coastal state coali-
tion cannot be stable under any circumstances.

Scenario 2
We now continue with the scenario (Table 3) in which the

distribution of the blue whiting expands eastward into the
Barents Sea such that Russia will become a coastal state
and the grand coalition, (EU,FO,IS,NO,RU) and the coastal
state coalition are identical (Table 9).

We see that although the grand coalition’s values (NOK
3504 million, 2666 million, and 2949 million for scenarios
2a, 2b, and 2c, respectively; Table 10) are all positive, they
are not sufficiently large to compensate the coastal states for
their individual values of free-riding the coalition while the
others remain in the coalition. This is the criterion for a co-
alition not to be stand-alone stable (cf. the discussion of
stand-alone stability under the game theory section). There-
fore, in scenario 2, the grand coalition, in a strict sense, can-
not be said to be a stable coalition structure.

Table 7. Scenario 1 — best-response Nash equilibria (net present values in million NOK).

Total CS EU FO IS NO RU

Scenario 1a
(EU,FO,IS,NO),(RU) 6934 3635 3299
(EU,FO,IS),(NO),(RU) 5640 2267 1712 1662
(EU,FO,NO),(IS),(RU) 5771 2252 1814 1704
(EU,IS,NO),(FO),(RU) 5771 2252 1814 1704
(FO,IS,NO),(EU),(RU) 5982 2017 2283 1682
(EU),(FO),(IS),(NO),(RU)

Mean 4886 4055* 1228 961 961 905 831
Maximum 2546 2223 2223 1971 1820
Minimum 0 0 0 0 0

Scenario 1b
(EU,FO,IS,NO),(RU) 6972 3699 3273
(EU,FO,IS),(NO),(RU) 6392 2947 2582 864
(EU,FO,NO),(IS),(RU) 6535 3115 2744 676
(EU,IS,NO),(FO),(RU) 6535 3115 2744 676
(FO,IS,NO),(EU),(RU) 6684 2808 3198 678
(EU),(FO),(IS),(NO),(RU)

Mean 5124 4121* 1193 1003 1003 922 1003
Maximum 2955 2509 2509 2233 2298
Minimum 0 0 0 0 0

Scenario 1c
(EU,FO,IS,NO),(RU) 6972 3699 3273
(EU,FO,IS),(NO),(RU) 5806 2017 2265 1524
(EU,FO,NO),(IS),(RU) 5806 2017 2265 1524
(EU,IS,NO),(FO),(RU) 5806 2017 2265 1524
(FO,IS,NO),(EU),(RU) 6420 2715 2841 865
(EU),(FO),(IS),(NO),(RU)

Mean 5128 4120* 1056 1021 1021 1021 1008
Maximum 2494 2435 2435 2435 2357
Minimum 0 0 0 0 0

Note: See Table 1 for abbreviations.
*The sum of NPVs from the coastal states acting as singletons.

Table 8. Scenario 1 — coalition values (in million NOK).

Scenario CS EU FO IS NO
1a –420 1055 853 853 807
1b –422 2005 1741 1741 1660
1c –421 1785 1244 1244 1244

Note: See Table 1 for abbreviations.
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Let us now consider the stability of the coastal state coa-
lition if unilateral deviation is not an option, but any devia-
tion from the coastal state agreement breaks down any
coalition, and all the players revert to noncooperative behav-
iour. As shown for scenario 2 (Table 7), there is no unique
solution when all act as singletons. There are multiple strat-
egy combinations that can be considered best response for
all players. The maximum solutions are probably not feasi-
ble for all players simultaneously, because this would mean
that all nations would have to fish with such high effort that
the stock would collapse, and the minimum is zero for all
players. However, if the average (mean) NPVs (Table 7)
can be taken as an example of what the players can expect

to gain by acting noncooperatively, the sum of all of the sin-
gleton NPVs is less than the NPV to the grand coalition.
The sum of the NPVs of the coastal states when they all act
noncooperatively (NOK 4367 million, 5205 million, and
4922 million for scenarios 2a, 2b, and 2c, respectively) are
less than NOK 7871 million (Table 7), the NPV of the grand
coalition. Thus, the coastal state agreement can be consid-
ered stable and the Nash equilibrium of the coalition game.

Note that this does not apply under scenario 1. Recall that
coastal state coalition values were all negative (Table 8), and
the formation of a coastal state coalition would not be rational.

It is important to note that in the presence of non-unique
equilibrium, these results were based on the average of all

Table 9. Scenario 2 — best-response Nash equilibria (net present value in million NOK).

Total CS EU FO IS NO RU

Scenario 2a
(EU,FO,IS,NO,RU) 7871
(EU,FO,IS,NO),(RU) 7074 3852 3222
(EU,FO,IS,RU),(NO) 7170 3708 3462
(EU,FO,NO,RU),(IS) 7102 3801 3302
(EU,IS,NO,RU),(FO) 7481 6079 1402
(FO,IS,NO,RU),(EU) 7417 5868 1549
(EU),(FO),(IS),(NO),(RU)

Mean 4367 1024 903 775 882 784
Maximum 2178 2072 1932 2066 1743
Minimum 0 0 0 0 0

Scenario 2b
(EU,FO,IS,NO,RU) 7871
(EU,FO,IS,NO),(RU) 7792 1935 5857
(EU,FO,IS,RU),(NO) 6901 3565 3337
(EU,FO,NO,RU),(IS) 6887 3644 3243
(EU,IS,NO,RU),(FO) 6934 3507 3427
(FO,IS,NO,RU),(EU) 6977 3513 3464
(EU),(FO),(IS),(NO),(RU)

Mean 5205 1095 1077 1046 1039 947
Maximum 2590 2607 2482 2847 2556
Minimum 0 0 0 0 0

Scenario 2c
(EU,FO,IS,NO,RU) 7871
(EU,FO,IS,NO),(RU) 6774 3810 2964
(EU,FO,IS,RU),(NO) 6880 3621 3259
(EU,FO,NO,RU),(IS) 6880 3621 3259
(EU,IS,NO,RU),(FO) 6880 3621 3259
(FO,IS,NO,RU),(EU) 6996 3592 3404
(EU),(FO),(IS),(NO),(RU)

Mean 4922 1068 1019 1019 1019 797
Maximum 2431 2335 2335 2335 2056
Minimum 0 0 0 0 0

Note: See Table 1 for abbreviations.

Table 10. Scenario 2 — coalition values (in million NOK).

Scenario CS EU FO IS NO RU
2a 3504 525 499 2527 2580 2438
2b 2666 2369 2350 2197 2298 4910
2c 2949 2336 2240 2240 2240 2167

Note: See Table 1 for abbreviations.
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the different possible solutions. If we had chosen one of
the possible solutions, the cooperative solution could possi-
bly be a better solution than the sum of the singleton’s
NPVs of the coastal states. However, because of the lack
of a better equilibrium selection criteria, in the presence
of multiple equilibria we decided use the average of the
equilibria NPVs as a representation of the NPVs that the
players could expect in the coalition structure where non-
uniqueness occurs.

Discussion
This paper analysed how different blue whiting distribu-

tion scenarios might affect the formation, stability, and suc-
cess of the coastal state coalition on the management of the
Northeast Atlantic blue whiting fish stock. We assume that
the blue whiting will change its migration pattern and distri-
bution area in response to changes in the ocean environ-
ment. Two possible distributional scenarios were analyzed.
In the first scenario, the blue whiting is distributed in a
more westerly direction, abandoning Russian waters alto-
gether. In the second scenario, an increased sea temperature
in the Norwegian Sea and the Barents Sea shifts the distri-
bution of the blue whiting in a northeasterly direction with
spawning activity in Norwegian waters and blue whiting
catches in Russian waters, making Russia a member of the
coastal state coalition.

Based on these scenarios, we formulated two possible
combinations of quarterly shares. Each share represents the
fraction of the stock available for harvest in a certain area,
i.e., the different exclusive economic zones or international
waters, at certain times. These shares, along with the bioeco-
nomic model, were used to calculate the best-response Nash
equilibria, based on the NPVs, to coalitions and players
under different coalition structures.

Finally, this allowed us to analyse the coalition formation,
success, and stability in particular coalitions among the
coastal states. The coalition analysis indicates that the stabil-
ity of the blue whiting agreement between the coastal states
would remain unchanged relative to today’s agreement (cf.
Ekerhovd (2008)) if global warming means an increase in
sea temperatures in the Norwegian Sea and the Barents Sea.
However, if the distribution remains as it is today and the
stock is shared among the EEZs of the EU, the Faroe Is-
lands, Iceland, and Norway and the high seas areas in the
Northeast Atlantic, excluding Russia as a coastal state, this
would weaken the stability of the current coastal state agree-
ment on the management of the blue whiting stock.

In scenario 2, with increased ocean temperatures and sal-
inity in the Norwegian Sea and the Barents Sea, we assumed
that the blue whiting migrated into Russian waters and that
Russia achieved the status of being a coastal state with re-
gard to the management of this stock. The change in status
from being regarded as a DWFN by the original coastal
states to being accepted and included as a coastal state in
the management of a straddling fish stock when the stock
for some reason changes its migration pattern and distribu-
tion is not necessarily a straightforward process. It might
take years before the new status is generally accepted by
the others, as the shift in the distribution can be a gradual
process with a considerable amount of short-term variation,

meaning that there may be considerable doubt as to whether
a shift in distribution is only a temporary change or if the
fish stock actually has changed its migration pattern and
area of distribution permanently. During the period of transi-
tion, the underlying uncertainty might put an established
agreement on the management of the stock among the origi-
nal coastal states at risk, as the emerging coastal state tries
to prove its claim to the stock by severely increasing its
fishing effort and thus its catches to establish rights to the
fishery and gain acceptance for its new status. The original
coastal states members might try to limit the prospective
coastal state’s profit by increasing their fishing efforts too.
If this transient period lasts for a long time and the noncoop-
erative behaviour is allowed to continue, it might threaten
the fishery, as the stock cannot sustain a too high fishing
mortality indefinitely without either becoming extinct or
being driven to the break-even stock level (the level at
which further fishing becomes unprofitable).

However, when an agreement that includes all countries is
finally reached, as in the case of scenario 2, the coastal state
coalition will act as a sole owner and not as in scenario 1,
where Russia always acts as a singleton player while the
coastal state coalition maximizes its own profit, taking the
action of Russia as given. With the sole-owner NPV being
the maximum attainable value, the players in scenario 2
will never find themselves in a situation like scenario 1,
where the sum of the NPVs in a coalition structure where
some or all players act as singletons exceeds the NPV to
the coastal state coalition.

In scenario 1, Russia is no longer regarded as a coastal
state; the coalition of coastal states is no longer stable, even
if the coalition formation options were restricted to full co-
operation among the coastal states or reversion to a state
where all act as singletons. In the opposite case, the coastal
state coalition would be stable if such a restriction were put
on the coalition structure. However, if this is not the case,
the individual members of the coastal state coalition would
have incentives to free ride on the agreement if the remain-
ing coalition continued to cooperate. What has become evi-
dent from our exercise is that if the distribution area of the
blue whiting stock in the Northeast Atlantic were to be re-
duced, the cooperation among the coastal states would be-
come even more difficult than it is already.

In the second climate change scenario in which the Nor-
wegian and Barents seas are expected to warm up and the
distribution of the blue whiting stock is expected to expand
northeastward into the EEZ of Russia, the coastal state coa-
lition would be stable if the option of the member states to
free ride on the agreement for some reason did not exist.
Then the NPV of the coastal state coalition would always
exceed the sum of NPVs to the coastal states acting as sin-
gletons, and the coastal states would be better off cooperat-
ing in a coalition. However, when the coastal state coalition
does not include all of the countries that participate in the
fishery, as is the case in the first scenario and in Ekerhovd
(2008), Russia is excluded from participating in the coastal
state coalition, the coalition NPV is less than a potential
grand coalition NPV would be, and a mechanism that pro-
hibits free-riding among the coastal states is not necessarily
sufficient to make the coastal states coalition stable. An ex-
ample where this turns out to be true is scenario 1 of this
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paper. What might help remedy this weakness is for the
coastal states to transfer some of their sovereignty over the
fish stock staying in their national EEZs to a regional fish-
eries management organization (RFMO) and let it manage
the fish stock. According to the law of the sea, membership
in a RFMO is open to all countries with real interest in the
fish stock (Bjørndal and Munro 2003). The open member-
ship of the RFMO guarantees a share of the profits to all in-
terested parties, as well as being able to provide a higher
NPV than any partial cooperation. Furthermore, if it is able
to enforce mechanisms that will deter its members from
free-riding, the prospects for cooperation will be improved.

However, it is possible that this is partially achieved in
the management of the blue whiting stock. The coastal states
agree on a total allowable catch (TAC) for the stock. This
TAC is then divided among coastal states, and in addition,
a share thereof is set aside to be harvested in international
waters. The local RFMO, the North East Atlantic Fisheries
Commission (NEAFC), is given the responsibility of divid-
ing this share among all interested parties, including Russia.
Moreover, Russia could be further accommodated by ex-
change of quota in their waters against being allowed to
fish some of the coastal states’ shares in their respective
EEZs. This can be seen as a way of sharing the benefits of
cooperation through side payments, and by providing higher
benefit than a simple coastal state regime would be able to,
a more stable management is achieved.
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[SNF, Institute for Research in Economics and Business Admin-
istration], Bergen, Norway.

Ellingsen, I.H., Dalpadado, P., Slagstad, D., and Loeng, H. 2008.
Impact of climatic change on the biological production in the
Barents Sea. Clim. Change, 87(1–2): 155–175. doi:10.1007/
s10584-007-9369-6.

Gordon, H.S. 1954. The economic theory of a common property
resource: the fishery. J. Polit. Econ. 62(2): 124–142. doi:10.
1086/257497.

Hannesson, R. 1997. Fishing as a supergame. J. Environ. Econ.
Manage. 32(3): 309–322. doi:10.1006/jeem.1997.0971.

Hannesson, R. 2006. Sharing the herring: fish migrations, strategic
advantage and climate change. In Climate change and the eco-
nomics of the World’s fisheries: examples of small pelagic
stocks. New horizons in environmental economics. Chap. 3. Edi-
ted by R. Hannesson, M. Barange, and S.F. Herrick. Edward El-
gar, Cheltenham, UK, and Northampton, Mass., USA. pp. 66–99.

Hannesson, R. 2007. Global warming and fish migrations. Nat. Re-
sour. Model. 20(2): 301–319.

Hannesson, R., Barange, M., and Herrick, S.F. (Editors). 2006. Cli-
mate change and the economics of the World’s fisheries: examples
of small pelagic stocks. New horizons in environmental economics.
Edward Elgar, Cheltenham, UK, and Northampton, Mass., USA.

Hátún, H., Sandø, A.B., Drange, H., Hansen, B., and Valdimarsson,
H. 2005. Influence of the Atlantic subpolar gyre on the thermo-
haline circulation. Science (Washington, D.C.), 309(5742):
1841–1844. doi:10.1126/science.1114777. PMID:16166513.

Hátún, H., Payne, M.R., Beaugrand, G., Reid, P.C., Sandø, A.B.,
Drange, H., Hansen, B., Jacobsen, J.A., and Block, D. 2009a.
Large bio-geographical shifts in the north-eastern Atlantic
Ocean: from the subpolar gyre, via plankton, to blue whiting
and pilot whales. Prog. Oceanogr. 80(3–4): 149–162. doi:10.
1016/j.pocean.2009.03.001.

Hátún, H., Payne, M.R., and Jacobsen, J.A. 2009b. The North
Atlantic subpolar gyre regulates the spawning distribution of
blue whiting (Micromesistius poutassou). Can. J. Fish. Aquat.
Sci. 66(5): 759–770. doi:10.1139/F09-037.

Heino, M. 2006. Blue whiting — the stock collapse that never
came. In Havets ressurser og miljø. Edited by S. Iversen, P. Fos-
sum, H. Gjøsæter, M. Skogen, and R. Toresen. Fisken og havet,
særnr. 1-2006, Institute of Marine Research, Bergen, Norway.
pp. 156–158.

Heino, M., Engelhard, G.H., and Godø, O.R. 2008. Migrations and
hydrography determine the abundance fluctuations of blue whit-
ing (Micromesistius poutassou) in the Barents Sea. Fish. Ocea-
nogr. 17(2): 153–163. doi:10.1111/j.1365-2419.2008.00472.x.

ICES. 1995. Report of the Blue Whiting Working Group. ICES
CM 1995/Assess:7.

Ekerhovd 549

Published by NRC Research Press



ICES. 1998. Report of the Northern Pelagic and Blue Whiting
Fisheries Working Group. ICES CM 1998/ACFM:18.

ICES. 2003. Report of the Northern Pelagic and Blue Whiting
Working Group. ICES CM 2003/ACFM:23.

ICES. 2007. Report of the Northern Pelagic and Blue Whiting
Working Group. ICES CM 2007/ACFM:29.

Kaitala, V., and Lindroos, M. 2004. When to ratify an environmen-
tal agreement: the case of high seas fisheries. Int. Game Theory
Rev. 6(1): 55–68. doi:10.1142/S0219198904000071.

Lindroos, M. 2004. Sharing the benefits of cooperation in the Nor-
wegian spring-spawning herring fishery. Int. Game Theory Rev.
6(1): 35–53. doi:10.1142/S021919890400006X.

Lindroos, M., and Kaitala, V. 2001. Conflict and cooperation in
fisheries: a game theory approach. In Game theory and applica-
tions. Vol. 7. Chap. 8. Edited by L. Petrosjan and V. Mazalov.
Nova Science Publishers, Hauppauge, New York. pp. 90–106.

Lindroos, M., Kaitala, V., and Kronbak, L.G. 2007. Coalition
games in fisheries economics. In Advances in fisheries econom-
ics: festschrift in honour of Professor Gordon Munro. Chap. 11.
Edited by T. Bjørndal, D.v. Gordon, R. Arnason, and U.R. Su-
maila. Blackwell Publishing, Oxford, UK. pp. 184–195.

McKelvey, R. 1997. Game-theoretic insights into the international
management of fisheries. Nat. Resour. Model. 10: 129–171.

Miller, K.A. 1996. Salmon stock variability and the political econ-
omy of the Pacific salmon treaty. Contemp. Econ. Policy, 14:
112–129.

Miller, K.A. 2000. Pacific salmon fisheries: climate, information
and adaptation in a conflict-ridden context. Clim. Change,
45(1): 37–61. doi:10.1023/A:1005684815698.

Miller, K.A. 2007. Climate variability and tropical tuna: manage-
ment challenges for highly migratory fish stocks. Mar. Policy,
31(1): 56–70. doi:10.1016/j.marpol.2006.05.006.

Miller, K.A., and Munro, G.R. 2004. Climate and cooperation: a
new perspective on the management of shared fish stocks. Mar.
Resour. Econ. 19: 367–393.

Miller, K.A., McDorman, T.L., McKelvey, R., and Tydemers, P.
2001. The 1999 Pacific salmon agreement: a sustainable solu-
tion? Canadian–American Public Policy Occasional Paper
No. 47, University of Maine, Canadian–American Center, Or-
ono, Maine.

Monstad, T. 2004. Blue whiting. In The Norwegian Sea ecosystem.
Chap. 9. Edited by H.R. Skjoldal. Tapir Academic Press, Trond-
heim, Norway. pp. 263–288.

Munro, G.R. 1979. The optimal management of transboundary renew-
able resources. Can. J. Econ. 12(3): 355–376. doi:10.2307/134727.

Munro, G.R. 1987. The management of shared fishery resources
under extended jurisdiction. Mar. Resour. Econ. 3: 271–296.

Nash, J.F. 1951. Non-cooperative games. Ann. Math. 54(2): 286–
294. doi:10.2307/1969529.

Pintassilgo, P. 2003. A coalition approach to the management of
high seas fisheries in the presence of externalities. Nat. Resour.
Model. 16(2): 175–197.

Rasmusen, E. 2007. Games and information: an introduction to
game theory. 4th ed. Blackwell Publishing, Malden, Mass.,
USA; Oxford, UK; and Carlton, Victoria, Australia.

Ricker, W.E. 1954. Stock and recruitment. J. Fish. Res. Board Can.
11: 559–623.

Salthaug, A. 2009. Kolmule (blue whiting). In Havets ressurser og
miljø. Chap. 2.4.2. Edited by H. Gjøsæter, A. Dommasnes, T.
Falkenhaug, M. Hauge, E. Johannesen, E. Olsen, and Ø. Skag-
seth. Fisken og havet, særnr. 1-2009, Institute of Marine Re-
search, Bergen, Norway. pp. 79–81.

Sandberg, P. 2005. Some economic aspects of relevance for harvest
rules for marine fish stocks: a perspective from the Northeast

Atlantic. Ph.D. thesis, Norges Handelshøyskole, Norwegian School
of Economics and Business Administration, Bergen, Norway.

Schaefer, M.B. 1957. Some considerations of population dynamics
and economics in relation to the management of marine species.
J. Fish. Res. Board Can. 14: 669–681.

Sissener, E.H., and Bjørndal, T. 2005. Climate change and the mi-
gratory pattern for Norwegian spring-spawning herring — impli-
cations for management. Mar. Policy, 29(4): 299–309. doi:10.
1016/j.marpol.2004.04.002.

Standal, D. 2006. The rise and decline of blue whiting fisheries —
capacity expansion and future regulations. Mar. Policy, 30(4):
315–327. doi:10.1016/j.marpol.2005.03.007.

Stenevik, E.K., and Sundby, S. 2007. Impacts of climate change on
commercial fish stocks in Norwegian waters. Mar. Policy, 31(1):
19–31. doi:10.1016/j.marpol.2006.05.001.

Sumaila, U.A. 1999. A review of game-theoretic models of fishing.
Mar. Policy, 23(1): 1–10. doi:10.1016/S0308-597X(97)00045-6.

Yi, S.-S. 1997. Stable coalitons with externalities. Games Econ.
Behav. 20(2): 201–237. doi:10.1006/game.1997.0567.

Yi, S.-S. 2003. Endogenous formation of economic coalitions: a
survey of the partition function approach. In The endogenous
formation of economic coalitions. The Fondazione Eni Enrico
Mattei (FEEM) Series on Economics and the Environment.
Chap. 3. Edited by C. Carraro. Edward Elgar, Cheltenham, UK,
and Northhampton, Mass., USA. pp. 80–127.

Appendix A. Management plan for the blue
whiting fishery

In December 2005, the coastal states (EU, Norway, Ice-
land, and Faroe Islands) agreed on a sharing arrangement
for the blue whiting stock (Agreed record of conclusion of
fisheries consultations on the management of the blue whit-
ing stock in the north-east Atlantic. An agreement between
the blue whiting coastal states consisting of the EU, Den-
mark, on behalf of the Faroe Islands, Iceland, and Norway,
December 2005; Anonymous 2006). This arrangement pro-
vides for catches in 2006 of 2 million tonnes, allocated as
follows: EU, 30.5%; Faroe Islands, 26.125%; Norway,
25.745%; and Iceland, 17.63%. Russia will be accommo-
dated by transfers from some of the coastal states and addi-
tional catches in the NEAFC regulatory area (International
Council for the Exploration of the Sea 2006).

Agreed Record of Conclusions of Fisheries Consultations
Between the Faroe Islands, the European Community,
Iceland and Norway on the Management of the Blue
Whiting Stock in the North-East Atlantic in 2006

1. A Delegation of the European Community, the Faroe Is-
lands, Iceland and Norway met in Oslo on 15 and 16 De-
cember 2005 to consult on the management of the Blue
Whiting stock in the North-East Atlantic.

2. The Delegations agreed to recommend to their respective
authorities the arrangement for the regulation of the fish-
eries of Blue Whiting in 2006 and subsequent years set
out in Annex I to this Agreed Record. They also agreed
to recommend to their respective authorities the multi-
annual management arrangement set out in Annex II.

3. The Delegations agreed to recommend that, in 2006,
ICES be requested to evaluate, as soon as possible,
whether the multi-annual management arrangement as
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set out in Annex II is in accordance with the precaution-
ary approach and to make the results of this evaluation
available to the Parties. The Delegations agreed to re-
view the multiannual management arrangement on the
basis of evaluation by ICES.

4. This Agreed Record, including bilateral arrangements re-
lated to the implementation thereof, shall be applied pro-
visionally from 1 January 2006 and enter into force when
all Parties have notified each other of the completion of
their necessary procedures.

5. For subsequent years, Delegations agreed to allocate al-
lowable catches in the proportions that are set out in
paragraph 1 of Annex I.

6. Unless one or more of the Parties notifies its withdrawal
not later than by the end of June, the Agreed Record
shall be renewed annually, including Annexes, in which
years, maximum catch limit and quotas are updated.

7. The Delegations agreed to inform the NEAFC Secretariat
about the regulatory measures they intend to take on the
basis of this Agreed Record, for the fisheries of Blue
Whiting in 2006 and in subsequent years.

Annex I. Arrangement for the regulation of the fisheries
of Blue Whiting in 2006

1. In accordance with the multi-annual management ar-
rangement for the fisheries of Blue Whiting set out in
Annex II to this Agreed Record, the Parties agree to re-
strict their fisheries of Blue Whiting in 2006 to a maxi-
mum catch limit of 2,000,000 tonnes on the basis of the
following quotas:

	 European Community 610 000 tonnes
	 Faroe Islands 522 500 tonnes
	 Iceland 352 600 tonnes
	 Norway 514 900 tonnes

2. Each Party may transfer unutilized quantities of up to
10% of the quota allocated to it for 2006 to 2007. Such
transfer shall be in addition to the quota allocated to the
Party concerned for 2007.

3. In the event of overfishing of the allocated quotas by any
Party in 2006, the quantity shall be deducted from the
quota allocated in 2007 for the Party or Parties con-
cerned.

4. The Parties may fish Blue Whiting within the quotas laid
down in paragraph 1 in their respective zones of fisheries
jurisdiction and in international waters.

5. Further arrangements by the Parties, including arrange-
ments for access, quota transfers and other conditions
for fishing in the respective zones of fisheries jurisdic-
tion, are regulated by bilateral arrangements.

Annex II. Arrangement for the multi-annual
management of the Blue Whiting stock

1. The Parties agree to implement a multi-annual manage-
ment arrangement for the fisheries on the Blue Whiting
stock which is consistent with the precautionary ap-
proach, aiming at constraining harvest within safe biolo-
gical limits, protecting juveniles, and designed to provide

for sustainable fisheries and a greater potential yield, in
accordance with advice from ICES.

2. The management targets are to maintain the Spawning
Stock Biomass (SSB) of the Blue Whiting stock at levels
above 1.5 million tonnes (Blim) and the fishing mortality
rates at levels of no more than 0.32 (Fpa) for appropriate
age groups as defined by ICES.

3. For 2006, the Parties agree to limit their fisheries of Blue
Whiting to a total allowable catch of no more than 2 mil-
lion tonnes.

4. The Parties recognise that a total outtake by the Parties
of 2 million tonnes in 2006 will result in a fishing mor-
tality rate above the target level as defined in paragraph
2. Until the fishing mortality has reached a level of no
more than 0.32, the Parties agree to reduce their total al-
lowable catch of Blue Whiting by at least 100,000 tonnes
annually.

5. When the target fishing mortality rate has been reached,
the Parties shall limit their allowable catches to levels
consistent with a fishing mortality rate of no more than
0.32 for appropriate age groups as defined by ICES.

6. Should the SSB fall below a reference point of 2.25 mil-
lion tonnes (Bpa), either the fishing mortality rate referred
to in paragraph 5 or the tonnage referred to in paragraph
4 shall be adapted in the light of scientific estimates of
the conditions then prevailing. Such adaptation shall en-
sure a safe and rapid recovery of the SSB to a level in
excess of 2.25 million tonnes.

7. This multi-annual management arrangement shall be re-
viewed by the Parties on the basis of ICES advice.
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Appendix B. NEAFC regulatory
measurements

In addition to the coastal states management plan, the fol-
lowing regulatory measures for the blue whiting stock for
2006 are suggested by NEAFC (International Council for
the Exploration of the Sea 2006).

1. NEAFC takes note of the Agreed Record of Conclusions of
Fisheries Consultations on the Management of the Blue
Whiting Stock in the North-East Atlantic for 2006 between
the European Community, the Faroe Islands, Iceland and
Norway signed in Oslo on 16 December 2005.

2. NEAFC further notes that by way of the said Agreed Re-
cord, the aforementioned Parties agreed to restrict their
fishery on the Blue Whiting Stock in 2006 on the basis
of specified quotas according to a total catch limitation
of 2 million tonnes.

3. In accordance with Article 5 of the Convention on Future
Multilateral Cooperation in North-East Atlantic fisheries,

Ekerhovd 551

Published by NRC Research Press



the Contracting Parties recommend the following mea-
sure for the Blue Whiting Stock for 2006.

(a) To ensure consistency and compatibility with the said
Agreed Record, NEAFC hereby establishes an allow-
able catch limitation of 253 000 tonnes of Blue
Whiting for 2006 in waters beyond the areas under na-
tional fisheries jurisdiction of the Contracting Parties

(b) This allowable catch limitation shall be allocated as
follows:
	 European Community 44 000 tonnes (*)
	 Norway 37 000 tonnes (*)
	 Denmark in respect of:
	 Faroe Islands 37 000 tonnes (*)
	 Greenland 10 000 tonnes

	 Iceland 25 000 tonnes (*)
	 Russian Federation 100 000 tonnes

4. The quotas referred to in paragraph 2 may be fished in
the areas defined in paragraph 3a.

(*) Catches taken under these allocations shall be de-
ducted from quotas allocated to Parties to the said
Agreed Record.

Reference
International Council for the Exploration of the Sea. 2006. Report

of the Northern Pelagic and Blue Whiting Working Group. ICES
CM 2006/ACFM:34.
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