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[. INTRODUCTION

When Canada and the
United States signed the Pacific
Salmon Agreement on June 30,
1999, they hoped that it would
put an end to the pattern of
bickering, failed negotiations,
conservation-threatening har-
vest practices, and blame-lay-
ing that had prevailed over the
previous six years. The agree-
ment does not replace the 1985
Pacitic Salmon Treaty, but
rather puts additional obliga-
tions on the parties and replaces
the expired short-term harvest
management regimes, con-
tained in anannex to the treaty,
with new longer-termarrange-
ments. The twonations thereby
consented to temporarily set
aside a long-smoldering dis-
pute about the equitable divi-
sion of the harvest and to focus
instead onimplementing multi-
yvear, abundance-based har-
vesting regimes that would fos-
ter conservation and restora-
tion of depressed salmon
stocks. Theagreement has been

*A list of acronyms used in this article is provided on page 58.
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in place now for twa full fishing seasons, and at the time of this
writing the two nations are in the midst of a third year of coordinated
management under the new regime.

While the ultimate success of the new agreement is yet to be
determined, sufficient time has passed to allow a prefliminary assess-
ment of its performance as well as an enumeration of the challenges
that may lie ahead. Success can be gauged by the extent to which the
agreement facilitates stable cooperation while promating such di-
verse goals as preservation and restoration of salmon resources,
efficient management of fisheries, and a mutual perception that the
distribution of the benefits is equitable.
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Isthe 1999 agreement designed forsuccess? What other changes
might be needed to ensure continued bi-national cooperation on
Pacific salmon management? To address these questions, we begin
by brieflv reviewing previous analyses of the breakdown of coopera-
tion under the 1985 Pacific Salmon Treaty (Huppert, 1995; McDorman,
1995; Miller, 1996; Munro et al., 1998; McDorman, 1998a). We then
examine the negotiation process which led to the new agreement,
evaluate the ditterences between the new and old approaches, and
draw upon both game-theoretic analysis and actual experience to
assess the extent to which the 1999 agreement is likely to succeed.

Our analysis suggests that real progress hasbeen made. Specifi-
cally, the abundance-based rules appear to be much better suited to
effective management of harvesting effort when there are sustained
natural changes in salmon abundance. In addifion, the new agree-
mentopens the door to using enhancement projects tunded through
newly established endowment funds both to facilitate restoration of
depleted stocksand to provide the parties with incentives to continue
cooperating. Cooperation also may be supported by the growing
signiticance of conservation concerns in Canada and U.S. Pacific
northwest. These concerns have been tueled by the severelv depleted
state of some Canadian coho and chinook stocks, and recent listings
of several salmon stocks in the U.S. Pacific northwest as threatened
under the Endangered Species Act (ESA--see National Marine Fish-
eries Service, 1999; ULS, Federal Register, 2000). However, sustained
cooperation is not ensured. In particular, difficulties in forecasting
and measuring the abundance of the numerous salmon stocks subject
ta the agreement may prove to be a stumbling block. We conclude by
drawing upon our analysis as well as experiences in other fisheries to
suggest further options that could be pursued to maintain positive
momentum toward achieving the promise of susfained, mutually
beneficial cooperation.

I, THE HARVEST MANAGEMENT GAME

PPacific salmon are anadromous fish. The juveniles emerge from
the freshwater environment where they were born, feed and mature
in the ocean, and then return to their natal streams to spawn and die.
Many of the satmon stocks originating in the rivers of western North
America are inherently bi-national resources because they cross
international boundaries during their oceanic migrations. The need
tor cooperative management arises because harvesters in one juris-
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diction can intercept salmon heading to spawn in the rivers of the
other jurisdiction. As is so often the case with such fisheries, it has
been difficult for Canada and the U.S. to attain and maintain coopera-
tion, and their efforts have been marked by alternating periods of
harmony and discord.

Cooperation can pay in an international fishery because it can
dramatically expand the long-term size, value, and stability of har-
vest yields. This vear's harvesting activities atfect both net returns for
this vear and the size of potential harvests in future years. If coopera-
tion leads to better conservation, a more highly valued allocation of
the fish, and /or lower harvesting costs, all parties can benetit. The
existence of such potential gains drives efforts to negotiate coopera-
tive management agreements, but the way in which those gains are
divided is critical in determining the willingness of the parties to
participate.

Game theory provides an analytical framework that sheds
considerable light on the question of why negotiations sometimes
lead to stable cooperative agreements and why they fail at other
times. Game theory is designed to analyze strategic interactions
among independent, seli-interested players, inwhich any agreement
results from hard bargaining. The players are modeled as rationally
choosing a strategy on the basis of expected payoffs, given the likely
actions of the other plavers over the entire sequence of play. Interac-
tions amang the players can be modeled as occurring only once or
repeated many times, and asinvolving different levels of information
and communication among the players. A repeated game is “dy-
namic” if the initial conditions and expected payatfs at the start ot
each period of play change as a result of the players” pastactions. The
two main categories of games, “cooperative” and “non-cooperative”,
differ in that the playersina cooperative game are assumed to be able
to communicate freely, while communication is faulty or non-
existent in non-coaperative games,

When applied to international fisheries, the players in the game
are the respective national authorities who either choose to set
independent policies governing harvests by their respective tleets, or
to negotiate coordinated fishing policies with the other national
authority(ies). One can model the process of negotiating harvest
allocation agreements under the Pacific Salmon Treaty as a dynamic
cooperative game.

A cooperative game is said to have a “solution” if the players’
interactions result in a stable outcome. However, many games donot
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have such a solution, in which case cooperation would be predicted
to fail. If cooperation is achieved, it is not motivated by altruism but
by the possibility thatall parties can gain by avoiding the destructive
consequences of non-cooperation. To be stable and efficient, a
cooperative solution must satisty the following conditions: 1) the
solution must be “Pareto optimal,” which means that it must not be
possible to make one plaver better off without harming the other(s),
and 2) the individual rationality constraint for each player must be
met, which means that it must not be possible for any player to do
better by refusing to cooperate (Munro et al., 1998).

Individual rationality is central to the success of any agreement,
and it must be honored if cooperation is to be sustained. An agree-
ment will remain viable only so long as each party perceives some
benetfit to continued cooperation. Incentives to cooperate, however,
are not necessarily stable. If conditions controlling either the produc-
tivity of a shared resource or its value change over time, the parties’
estimates of the benefits of cooperation versus going italone may also
change. Cooperation is likely to break down if changing circum-
stances cause one or more of the parties to believe that it can do better
outside of the agreement. A sustainable agreement, therefore, not
only mustaccommodate the initial individual rationality positions of
the participants, but it must also be “time consistent” (Munro, 2000).
That is to say, it must be sufficiently flexible to accommodate unex-
pected changes in surrounding conditions. Among other things, it
must be sufficiently flexible to adjust the division of benefits as the
players’ competitive power and interests shift with changing natural
conditions and market circumstances. One way toprovide such flex-
ibility is to allow the parties to make “side payments”( i.e., transfers)
to one another when there is no other convenient way to simulta-
neously satisfy individual rationality and capture the potential gains
from cooperation. Insome instances, it may not be possible to satisfy
the players” multiple objectives by simply re-allocating the benefits of
the harvest. In such cases, sustained cooperation would require
supporting side pavments with value injected from outside the
fishery. For example, one of the two governments might transfer
resources to the other through disproportionate contributions to a
joint project or through concessions on a non-fishery matter.

Unfortunately, throughout the history of U.S.~Canadian nego-
tiations regarding Pacific salmon management, there has been scant
attention to the significance of individual rationality. In addition, the
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bargaining framework established by the 1985 Pacific 5almon Treaty
provided little latitude for accommodating changes in the parties’
interests over time. Until recently, the question of providing side
payments was never “on the bargaining table.” However, as will be
detailed below, shifts in the interests and competitive power of these
parties have played a large role in the historical ebb and flow of bi-
national cooperation in this arena.

Before proceeding further, we should digress by asking what
the consequences are of failure to cooperate. Models of “non-coop-
erative” fisheries games yield firm and consistent predictions (see,
for example, Clark, 1980; Levhari and Mirman, 1980). These models
predict that non-cooperation will, except under very special circum-
stances, result in overexploitation of the fishery resource. The “non-
cooperative” fishery game is an example of the classic “non-coopera-
tive” game, “The Prisoner’s Dilemma,” in which the players are
driven inexorably to adopt strategies that they know to be harmful
and destructive.

[1I, THE HISTORICAL CONTEXT

The 1985 Pacific Salmon Treaty and the recent period of discord
have been described in detail elsewhere (Yanagida, 1987; Munro and
Stokes, 1989; Huppert, 1995; McDorman, 1995; Munro ef al., 1998).
Here, just a brief historical sketch will enable us to put the 1999
agreement in context.

North America’s commercial fisheries exploit five species of
Pacificsalmon: chinook (Oncorhiynchus tshawytscha), coho (O. kisutch),
sockeye (O. nerka), pink (O. gorbuscha), and chum (O. keta). All tive
species are harvested in Alaska, British Columbia, and Washington
State, while only coho and chinook are harvested in significant
numbers in Oregon and California. Sport fisheries for coho and
chinook have grown in the post -World War 1l era and now account
for a sizeable share of the harvest of these species outside of Alaska
(see, e.g., NPAFC, 1999),

The first significant international agreement on salmon har-
vests was the Fraser River Convention between the United States and
Canada, signed in 1930 and ratified in 1937.' Thatagreementdivided
the harvest of Fraser River sockeye salmon as well as management
and restoration costs equally between the two nations (Munro and
Stokes, 1989). [twas later extended to Fraser River pink salmon, aless
valuable species. Under the convention, the International Pacific
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Salmon Fishery Commission (IPSFC) regulated harvests of the Fraser
River stocks within an area designated as “the Convention Waters”
which encompassed the traditional fishing grounds for those stocks
(Figure 1). Although the Fraser River lies entirely in Canada, a large
portion of the salmon spawning in that drainage typically approach
the river through the Strait of Juan de Fuca where, historically, they
had been harvested by Washington State fishing vessels. When rock
slides blocked access to part of their spawning habitat and sent the
Fraser’s salmon resources into decline, the U.S. and Canada clearly
had a joint interest in removing the blockage and restoring the runs.

! | Conveniion Walies
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Fig. 1:  Convention Waters Fishing Area Under 1937 Convenbion
source: Adapted from Roos, LE., 1996, p. (i),
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Support for the Fraser River Convention began to evaporate
during the 1960s. The Canadians had become increasingly unhappy
about their agreement to share one-half of the Fraser River salmon
with the U.S. because, by foregoing construction of hyvdro-power
damson the Fraser, Canada was effectively bearing more than half of
the cost of maintaining those runs. Canadian harvesters also had
discovered that they could circumvent the IPSFC regulations by
fishing for Fraser sockeye, outside of the convention walers in
Georgia Strait. This was made increasingly possible and profitable
by a change in the migratory habits of the returning Fraser sockeye.

In the early years, most of the harvest occurred within conven-
tion waters. Each year, however, some of the Fraser sockeye take a
more northerly route, returning by way of Johnstone Strait.  The
portion taking the Johnstone Strait route could easily be harvested by
the Canadian fleet outside of the Convention waters, and thus
outside of IPSFC regulation (Figure 2a). The Johnstone Strait diver-
sion rate varies from year to year in response to changing ocean
conditions. A climatic regime shift in 1977 contributed to a marked
increase in the average Johnstone Strait diversion rate. In the period
1953-1976, the diversion rate averaged 16.4 percent. From 1977
through 1985, the average ratejumped to 46 percent,” surely strength-
ening Canada’s hand in the negotiations leading to the 1955 treaty. In
fact, Canada clearly took advantage of unusually high diversion
rates in 1978, 1980, 1981, and 1983 to concentrate harvesting etforts
outside of Convention waters, thereby increasing its overall share of
the harvest. For example, in 1983 (an El Nino year), the Canadians
took advantage of an 80 percent Johnstone diversion rate to increase
their overall harvest share to 89 percent (Figure 2b).

In addition to that pressure tactic, Canadian harvesting effort
also intensified off the west coast of Vancouver Island, leading to
increased interceptions of U.S. origin coho and chinook salmon
heading south tospawn in the Columbia River system and other west
coast streams. Alaskan interceptions of those same stocks were
already a source of tension between Washington /Oregon and Alaska,
and by the time that negotiations for the Pacific Salmon Treaty began
in 1971, Alaska and British Columbia intercepted significant num-
bers of each other’s salmon in the northern boundary area. These
facts made it clear that a comprehensive agreement was needed that
would cover all of the salmon stocks subject to significant intercep-
tions.
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Fig. 2a0 How Diversion Rate Affects Where Canada Harvests Fraser Sockeye
Data Source: Courtesy of James Woodey, Pactfic Salmon Comm., May 2000,
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[t took 14 years to negotiate the 1955 Pacific Salmon Treaty (For
accounts of that period see: Yanagida, 1987; Munro and Stokes, 1989,
Roos, 1996). It established a tenuous balance among competing
interests and conflicting objectives that relied on optimistic assump-
tions regarding increases in salmon abundance from anticipated
enhancement projects that had been held back by the competitive
atmosphere of the pre-treaty period. If the optimistic assumptions
had proved correct, the treaty in all likelihood would have func-
tioned to everyone's satisfaction. However, the expected surge in
salmonabundance never materialized in the south. The same climate
regime shift that had strengthened Canada’s hand in the negotiations
played a role in the treaty’s undoing because it altered the abundance
of northern and southern salmon stocks in ways that had not been
foreseen. (Miller, 1996). Ultimately, the treaty proved unable to
withstand the pressure of changing circumstances (Munro ¢t al.,
1998; McDorman, 1998a).

The treaty created the Pacific Salmon Commission whose pri-
mary task was to develop and recommend fishing regimes intended
to govern the overall harvest and allocation of the salmon stocks
jointly exploited by the U.S. and Canada. The body of the treaty lays
out a set of principles to guide the commission in this task. Of central
importance are the conservation and equity objectives or principles,
which the treaty expresses as tollows:

each Party shall conduct its fisheries and its salmon enhance-

ment programs so as fo:

a) prevent over-fishing and provide for optimum production;

and

b) provide for each Party to receive benefits equivalent to the

production of sahmon originating in its waters (Pacific Salnion

Treaty, Article 111).

The treaty then advises the parties to consider the following
factors in the application of these objectives or principles: the
desirability of reducing interceptions, the desirability of avoiding
disruption of existing fisheries, and annual variations in abundances
of the stocks. These factors are somewhat mutually inconsistent
because many of the existing fisheries relied heavily on interceptions.

The bargaining tframework implemented in 1985 called for
frequent re-negotiation of the fishing regimes. Negotiations were to
follow a consensus rule in that the Canadian and American delega-
tions were to agree on new regimes. Pursuant to the U.S. legislation
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implementing the 1985 treaty, the American delegation was com-
posed of three voting commissioners representing Alaska, Washing-
ton/Oregon and the Treaty Indian Nations, and a fourth non-voting
commussioner from the LLS. tederal government (LS. Senate, 1985;
Yanagida, 1987; Schmidt, 1996). The federal government had not
delegated cither its treaty-making or treaty-maintenance authority
to the commissioners and could step in when the 1985 treaty was
being breached. Nevertheless, through the implementing legisla-
tion, the federal government had given to the three voting commis-
sioners the authority to agree upon new regimes under the 1985
treaty. One effect of these arrangements was that the three voting
commissioners were independent from the U.S. federal government,
and effectively any one of them had a veto over the work of the Pacific
Salmon Commission in developing new regimes. When the parties
failed to agree on new fishing regimes, the appropriate state or
federal authority would implement its own management regime
independent of the other party. In the U.S., the states have authority
within three nautical miles of the coast and federal jurisdiction
(exercised by regional management commissions) extends from
three to 200 n. miles offshore, as well as within three nautical miles
where the fisheries in question are predominantly located outside
three miles. In Canada, the tederal government exercises authority
respecting fisheries.

A central weakness of the bargaining framework under the 1985
treaty was that it did not enable the parties to resolve major tensions
between individual rationality and strongly held perceptions of
equity. From the beginning, there were fundamental differences of
opinion regarding the meaning of the so-called equity clause [Article
1 (1) (b)] and whether it contained a principle (obligation) as
opposed to an objective and, as a consequence, whether or not it
should take precedence over objectives and factors expressed in the
language of the treaty.

The background for the equity provision can be traced, in part,
to the negotiations leading to the 1982 United Nations Convention on
the Law of the Sea' (LOS Convention), which were largely contempo-
raneous with the negotiations leading to the 1985 Pacific Salmon
Treaty. Although neither Canada nor the United States are parties to
the LOS Convention, both v igorously participated in the negotia-
tions and broadly accept its provisions regarding the international
law applicable to anadromous species. Article 66(1) of the LOS
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Convention directs that “[s]|tates in whose rivers anadromous stocks
originate shall have the primary interest in and responsibility tor
such stocks.”” The primary purpose of Article 66, strongly supported
by both Canada and the US,, is to eliminate high seas fishing for
salmon and other anadromous fish.

The case in which salmon originating in the rivers of one state
migrate into another state’s waters is covered by other provisions in
Article 66 and elsewhere in the convention. Article 66(4) provides
that where salmon originating in the rivers of one country migrate
into or through the waters of a neighboring state, the neighboring
state “shall cooperate with the State of origin with regard to the
conservation and management of such stocks.”" Article 66(2) allows
a state of origin, after consulting with the neighboring state, to
establish the total allowable catch (TAC) for salmon originating in its
rivers, but does not allow the state of origin to enforce that TAC in the
neighboring state's waters.” Rather, Article 56(1) grants exclusive
sovereignty to each coastal state over the living and non-living
resources found within its 200-n.mile exclusive economic zone (EEZ),”
and Article61(1) gives each coastal state the right to establish the TAC
for marine living resources within its EEZ. Article 56(2), however,
directs each state to give “due regard to the rights and duties of other
states.”

The Law of the Sea Convention neither creates sole ownership
of salmon originating within a country’s rivers nor clear limitations
on the jurisdiction of a neighboring state into whose waters the
salmon migrate. Rather, the LOS Convention envisions cooperation
between state-of-origin rights and coastal state sovereignty. This
requires the sharing of transmigrating anadromous fish to be nego-
tiated on a case-by-case basis (McDorman, 1998a), and the 1985
Pacific Salmon Treatv was to provide the framework for U.5./
Canadian sharing.

In the case of the Pacific Salmon Treaty, some have argued that
the equity clause was intended to establish state of origin “owner-
ship” of the salmon (Shepard and Argue, 1998). However, intercep-
tions were not prohibited, but rather the benefits accruing to each
nation were to be commensurate with the value of salmon originat-
ing in its waters. Perhaps, at most, “...the equity provision creates
a national ownership right that provides to the state of origin a right
to “benefits equivalent” to the salmon intercepted” (McDorman,
1998a, p.89). On the other hand, U.5. negotiators have typically
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maintained thatequity was merely one of the agreed-upon objectives
guiding the actions of the states (Yanagida, 1987; Strangway and
Ruckelshaus, 1998; McDorman, 1998a). Indeed, the U.S. had consis-
tently opposed including the equity provision in the treaty and
vielded only under intense pressure from Canada (Yanagida, 1987;
Munro and Stokes, 1989).

U.S. apposition to the equity language derived, in part, from the
difficulty of quantifying an overall interceptions balance, and partly
from the fact that some segments of the U.S. salmon fishing industry
could only be hurt by the restrictions that might be necessary to bring
about such a balance. Alaska, in particular, was likely to be hurt by
such a provision. Given a general north-to-south migration pattern
for returning salmon stocks, Alaskan fisheries are in a natural posi-
tion to intercept many Canadian and some southern U.5. salmon,
while few Alaskan stocks are vulnerable to Canadian interception.
Hence Alaska was wary of interception restrictions that might entail
significant changes in Alaskan fishing operations.

The task of quantifying the interceptions balance is complicated
by the fact that commercial harvest value is only one possible
measure of the value of a salmon. And it is certainly not the most
important measure in cases where individual stocks are threatened
with extinction, support highly valued sports fisheries, or have
significant cultural value to native communities that have relied on
those stocks since time immemorial. Even commercial value varies
considerably depending on species, location of harvest, and condi-
tion ot the tish when delivered to the dock. Thus, while all interests
recognized that the equity principle was meant to reflect economic
values and did not amount to a simple fish-for-fish balancing rule,
they could legitimately disagree on how the balance was to be
measured. |

In order to reach agreement in 1985, the parties chose to finesse
the equity point by putting off any decision on measurement. [n a
Memarandum of Understanding attached to the treaty, they ac-
knowledged that ... it will be some time before the Commission can
develop programs to implement the provisions of Article 111 para-
graph 1(b) in a complete and comprehensive manner.”" They never-
theless agreed that the commission should take the equity principle
into account when establishing annual fishing regimes, and they
expressed an expectation that if an imbalance occurred, there would
be a “phased program to eliminate the inequity.”'" However, the
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parties established no specific time frame for such a phased program,
nor any deadline for establishing an operational definition of an
equitable balance. Their failure to firmly establish the content and
role of the equity clause allowed it to become a major bone of
contention when incentives to continue cooperation shifted.

For the first few years, the commission was able to side-step the
equity issue because Canada remained satisfied that interceptions
were roughly in balance. Attention focused, instead, on designing
regimes that would encourage enhancement and conservation ef-
forts by guaranteeing that the party making the investment would be
able to reap the rewards from the expected subsequent increase in
production. The regimes established by the commission relied
heavily on the use of “ceilings.” For example, the initial agreement
specified that the Washington State harvest of Fraser sockeye was to
be capped at 7 million fish over each of two successive four-year
periods (Pacific Salmon Treaty, Annex [V, Chapter 4). Thisapproach
was based on the notion that capping harvests in the intercepting
fishery would allow any increase in run strength to primarily benefit
the nation of origin whose hatchery or habitat restoration invest-
ments had presumably caused the increase.

Prior to the conclusion of the 1985 treaty negotiations, it was
believed (as has already been indicated) that the absence of a coop-
erative management arrangement had served to stall the implemen-
tation ofenhancement projects, and other conservation initiatives, on
both sides of the border. Each country feared that the other would
“free ride” on the benefits arising from enhancement/conservation
initiatives. This was one manifestation of the “Prisoner’s Dilemma”
(Munro and Stokes, 1989).

Thus the ceilings were seen as necessary to open the floodgates
of enhancement and conservation. One interpretation of the equity
principle, at least from the Canadian perspective, was that it would
strengthen the needed assurance that those investing in the resource
would enjoy the benefits of the investment. Shepard and Argue state
that “the ...[equity] principle reflected the need to ensure that the
country making sacrifices and expenditures to conserve its salmon
would reap the benefits of its own efforts” (Shepard and Argue, 1998,
p.2).

Munro and Stokes (1989) make a distinction between “baseline
benefits” and “post-Treaty benefits.” The former refer to economic
benetits that would arise from the salmon fisheries in the absence of
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treaty-induced enhancement and conservation measures; the latter
to economic benefits arising from those treaty-induced enhancement
and conservation measures. The hope existed among the treaty
negotiators that the latter would overwhelm the former (Munro and
Stokes, 1989).

Nature, however, threw a monkey wrench into this scheme.
While enhancement ﬂnd restoration eftorts certainly can increase the
number of salmon available for harvest, the effects of such actions
easily can be dwarfed by the impacts of natural environmental
fluctuations. Survival and g growth rates may vary considerably both
over time and across areas due to variations in food availability,
predation rates, and in-stream conditions. The feeding conditions
and predation rates encountered during the first few weeks in the
marine environment appear to be especially critical in determining
the ultimate production of adult salmon from a given juvenile cohort
(Pearcy, 1992),

During the long period of negotiation leading to the 1985 treaty,
changes were already apparent in the ocean environment that would
contribute to the trealy’s later dithculties. In the mid-1970)s, ocean
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conditions in the north Pacific changed dramatically. An extended
period of cool coastal sea surface temperatures (SSTs) that had been
favorable to U.S. west coast salmon production gave way to much
warmer conditions along the west coast of North America (Figure 3).
This shift may be part of a long-term pattern of inter-decade oscilla-
tion in the climate of the north Pacific (Mantua ef al., 1997; Zhang ¢!
al., 1996; Latif and Barnett, 1996). An unusual sequence of closely
spaced ENSO (El Nino-Southern Oscillation) warm events from 1977
to 1998 reinforced the decadal-scale shift to warmer coastal 55Ts and
cooler S5Ts in the central north Pacific and contributed to a pattern
of intensified winter Aleutian lows (Trenberth and Hurrell, 1994:
Trenberth and Hoar, 1996).

These changes in the ocean environment appear to have had
positive effects on salmon abundance in the Gulf of Alaska, but
negative effects on stocks that spend a portion of their lives in the
California ocean current (Pearcy 1992; Hare ¢f al., 1999). In the
subarctic zone, the mixed layer became shallower. This may have
enhanced the survival of Alaskan and northern British Columbia
salmon smolts by increasing zooplankton productivity and, there-
fore, food abundance for juvenile salmon (Polovina ¢t al., 1995;
Brodeur and Ware, 1992). Figure 4 displays the major currents and
physical /biological domains of the northeast Pacitic (Pearcy, 1997).

A general pattern of winter warming and increased winter
precipitation in Alaska (Mantua et al., 1997) also may have contrib-
uted to favorable stream conditions for egg-to-smolt survival. From
southern British Columbia southward, El Nino events have been
associated with poor teeding conditions for maturing salmon and
changes in species composition, including increased abundance of
some species that prey onjuvenile salmon (Pearcy, 1992). Inaddition,
droughts in California and the Pacific northwest resulted in poor
conditions for spawning and migration in the salmon’s freshwater
phase. Changes in ocean temperatures and circulation, and associ-
ated changes in stream conditions, thus appear to have contributed
to the opposite trends in northern and southern salmon abundance.

In the south, the natural sources of low salmon survival and
stock productivity were compounded by other stresses, including
habitat degradation, mortality at dams, water diversions, and ques-
tionable hatchery practices. The cumulative effects of all of these
stresses severely weakened several Pacific northwest salmon stocks.
In 1998 and early 1999, the U.5. National Marine Fisheries Service
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substantially expanded the number of these stocks listed as “threat-
ened” under the Endangered Species Act (U.S. Federal Register,
2000). The listings surely heightened the urgency of the negotiations
that led to the 1999 agreement. Shortly after the apparent mid-1970s
climatic regime shift, Alaskan salmon harvests entered a period of
dramatic increase, rising nearly ten-fold from tewer than 22 million
salmon (of all species) in 1974 to three successive record highs in 1993,
1994, and 1995 (Figure 5). At the 1995 peak, Alaska harvested close
to 218 million salmon. Another high was attained in 1999 when
Alaska harvested almost 217 million salmon (the second-largest
harvest on record). Harvests of most salmon species in northern
British Columbia also fared well through the mid-1990s, although
British Columbia’s chinook harvests have declined steadily (Hare ¢t
al,, 1999; PSC Joint Chinook Technical Committee, 1999), and by the
late 1990s it had become apparent that many of British Columbia’s
southern and interior coho stocks were severely depleted (Pacific
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Fisheries Resource Conservation Council, 1999), Southward, com-
mercial chinook and coho catches in California, Oregon, and Wash-
ington dropped abruptly in the late 1970s, hitting El Nino-related
lows in 1983 and 1984. A dramatic but brief recovery in 1986 and 1987
then gave way to a precipitous decline to record low harvests in
recent years (Figure 6). Abundance has declined to the point that
some stocks are on the verge of extinction.

The tendency tor inverse fluctuations in Alaskan and southern
salmon abundance can be seen by comparing harvests of a single
species, coho (Figure 7). During the coastal cool period, immediately
prior to the mid-1970s regime shift, U.5. west coast coho harvests
exceeded Alaskan harvests, while the opposite condition has pre-
vailed since that time.
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Data Sources: Alaska Dept. of Fish and Game data available at
HimlResAnchor http:/ /www.cladfg. state.ak.us; Pactfic Fishung,
Annual Yearbooks 1996-2000: NPFC, 1997-1999: INPFC, Annual Series
1952-1992; INPFC, 1979,
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The period of high productivity in Alaska induced Alaskan
harvesters to fish harder in areas where British Columbian salmon
are intermingled with Alaskan fish. In particular, the dramatic in-
crease in pink salmon abundance in southeastern Alaska led to
increased interceptions of Canadian sockeye from the Skeena, Nass,
and other northern British Columbia rivers.'” Alaskan officials ar-
gued that they could not avoid increased interceptions of Canadian
salmon without foregoing efficient harvest of Alaska’s own salmon.
The Canadians, however, found themselves unable to redress the
growing interceptions imbalance because declining southern coho
and chinook stocks prevented Canadian harvesters from reaching
the agreed-upon ceilings for harvests of those stocks along the west
coast of Vancouver Island. At the same time, fishing interests along
the U.S. west coast claimed that Canada’s efforts to reach the ceilings
resulted in over-harvesting of those fragile stocks.

The shift in the relative abundance of northern and southern
salmon stocks made it increasingly difficult to satisfy the treaty’s
equity and conservation objectives while meeting each party’s expec-
tations regarding the benefits that it should be able to derive from its
salmon fisheries. From Canada’s perspective, there appeared to be a
mounting interceptions imbalance in favor of the U.S., but little
willingness on their part to make concessions to redress the imbal-
ance. From Alaska’s perspective, the requested concessions ap-
peared likely to impose uncompensated costs on Alaska. While the
southern U.S. jurisdictions demonstrated a willingness to make
further concessions on their harvests of Fraser River salmon in
exchange for reduced Canadian harvesting pressure on southward-
bound coho and chinook, they reaily had few bargaining chips to
bring to the table.

By 1993, the growing frustrations caused cooperation to col-
lapse when the parties proved unable to agree on a full set of fishing
regimes. The dispute escalated the following year when the Cana-
dian delegation broke off the negotiations, charging that the growing
interceptions imbalance was inconsistent with Canada’s interpreta-
tion of the treaty’s equity provisions and that the United States was
not negotiating seriously. As the treaty dispute escalated, the Cana-
dians, with little leverage over the U.S. parties, employed a variety of
desperate tactics in an effort to force the U.S. back to the bargaining
table. Forexample, in 1994, Canada tried to pressure the southern
U.5. parties by pursuing an “aggressive fishing strategy.” That effort
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failed to win any concessions and resulted in dangerous overharvest-
ing of part of the Fraser River sockeye run by the Canadian fleet
(Fraser River Sockeye Public Review Board, 1995),

That experience, and mounting concern over the state of the
southern coho and chinook stocks, led to a partial agreement be-
tween Canada and the southern U.S. parties in 1995, but Alaska
remained outside the agreement and the truce proved to be tempo-
rary. By the summer ol 1997, British Columbia’s salmon harvesters
had become so angry about increasing Alaskan harvests of B.C.
sockeye that approximately 150 fishing vessels participated in a
blockade that held the Alaska Ferry hostage in the Canadian port of
Prince Rupert for three days (Hogben et al., 1997; Doro, 1997).

The two federal governments made several efforts to resolve the
impasse. These included enlisting a neutral third-party diplomat,
Christopher Beebe of New Zealand, in a failed attempt to mediate the
dispute; anattempt by Canada to use the scientific dispute settlement
provisions in the 1985 treaty, which was rebuffed by the United
States; a stakeholder process in which fishing interests on both sides
of theborder mettodiscuss options; and a jointreport by twoeminent
individuals from each nation, David Strangway of Canada and
William Ruckelshaus of the U.S., on the sources of the dispute and
potential remedies. The Strangway and Ruckelshaus Report con-
cluded that both sides would need to make concessions in order to
restore cooperation, and that the parties should concentrate their
efforts on developing a “practical framework for implementing
Article 1 of the treaty [the Principles Article | leading to the establish-
ment of longer-term fishing arrangements.”"" The report also ad-
vised the governments to undertake a comprehensive review of the
Pacitic Salmon Commission in order to make it “a functional institu-
tion for the preservation and management of the Pacific Salmon.”"

As the dispute continued to fester, the condition of Canada’s
own fall chinocok and coho stocks deteriorated (Pacific Fisheries
Resource Conservation Council, 1999). This led Canada’s Depart-
ment of Fisheries and Oceans (DFO), the agency charged with
managing Canada’s fisheries, to impose stringent domestic controls
on harvesting levels and methods. Canadian chinook harvests were
scaled back sharply in 1995 and 1996; beginning in 1997, the DFO
introduced radical changes in fishing regulations aimed at limiting
further damage to a number of seriously depleted coho stocks. In
1998 the DFO established a zero-mortality goal for the stocks of
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greatest concern (Thompson River coho in southern B.C. and upper
Skeena coho in northern B.C.) and required significant changes in
fishing practices in all salmon fisheries where those stocks might be
encountered (DFO, 1998a). At the same time, the agency announced
an expanded fleet restructuring program to reduce the number of
commercial fishing vessels relying on Pacific salmon (DFQ, 1998b).

These actions also signaled a significant change in Canadian
bargaining objectives with respect to bi-national harvest manage-
ment. The Canadian focus shifted radically from insistence on an
equitable interceptions balance to the need to tailor harvesting efforts
to protect the stocks that had become severely depleted. The ESA
listings in the Pacific Northwest most likely colored the positions of
the southern U.S. participants in the negotiations as well.

If the equity principle was seen, in part, as being designed to
ensure that the benefits from conservation and enhancement were
properly apportioned, and if the reverse problem - resource deple-
tion — had in fact become paramount, then the need for “equity” was
obviously diminished. In any event, this shift in focus was instru-
mental in breaking the previous deadlock. Throughout 1998 and
early 1999 federal negotiators from both sides worked to hammer out
the details of the agreement adopted on June 30, 1999,

Prior to examining the details of this accord, it is worth re-
emphasizing just how dangerous the situation had become before
the signing, and how severe the consequences of failing toachieve an
agreement might have been. Whatever the limitations we may point
to in the following discussion, we would insist that the negotiators on
both sides are to be strongly commended for having achieved the
agreement. At an absolute minimum, it “bought time,” allowing for
the construction of a truly stable long-term cooperative management
arrangement. The task athand is toensure that this opportunity is not
squandered.

1IV. WHAT HAS CHANGED?

In some respects, the 1999 agreement represents a dramatic
break from the approach to negotiating harvest allocations embed-
ded in the 1985 treaty. Rather than relying on short-lived, ceiling-
based regimes whose frequent renegotiation provided ample oppor-
tunity for disagreement and brinkmanship, the new agreement
establishes a long-term commitment to define harvest shares as a
function of theabundance of each salmon species in the areas covered
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by the treaty. For example, tor 12 years beginning in 1999, the U.S.
share of Fraser River sockeye will be tixed at 16.5 percent of the TAC
(total allowable catch). This represents a decrease from the post-1985
average U.5. share of 20.5 percent but an increase relative to the share
actually attained by the U.S. fleet during the 1992-1997 salmon war
period (DFQO, 1999; O'Neil, 1999a). This percentage approach allows
the number of Fraser River sockeve harvested by the U.S. fleet to
increase inyears of high sockeye abundance while requiring reduced
harvests when aggregate abundance is depressed.'

The new arrangements for chinook, which will be in effect for
ten years, take account of the fact that the various fisheries along the
coast differ considerably in the extent to which they rely on healthy
or depressed chinook stocks (U.S. Department of State, 1999). Ac-
cordingly, the agreement designates two types of tisheries: 1) aggre-
gate abundance-based management (AABM) fisheries will be based
on indices of the aggregate abundance of chinook present in the
fishery, without specific reference to any individual stock; 2) indi-
vidual stock-based management (ISBM) fisheries, which are prima-
rily located in fishing areas near the spawning rivers, will be based on
the status of individual stocks or groups of stocks (e.g., on the basis
of the evolving status of currently endangered or threatened stocks).
Abundance-based allocation rules for coho have not yet been devel-
oped, but the agreement instructs the parties to jointly develop such
a management approach and specifies various deadlines for the
accomplishment of particular tasks.

Another major feature of the agreement is its provision for two
endowment funds. Initial funding was to be provided entirely by the
U.5., but either party may make additional contributions, and even
third parties may contribute with the agreement of the two states.
The annual investment earnings on the Northern Boundary and
Transboundary Rivers Restoration and Enhancement Fund (North-
ern Fund), and Southern Boundary Restoration and Enhancement
Fund (Southern Fund) are to be used to support scientific research,
habitat restoration and enhancement of wild stock production in
their respective areas. The agreement is contingent upon Congres-
sional approval of U.S. contributions of $75 million for the Northern
Fund and $65 million for the Southern Fund over a four-year period.
The first U.S. installments have been approved. Canada also has
made small contributions to the funds. Since the funds (at this stage)
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come overwhelmingly from the U.S., they can be viewed as implicit
side payments.

The funds are to be managed by committees composed of
representatives appointed by the federal governments of Canacda
and the United States. Both governments have made appointments,
and preliminary meetings have focused on developing investment
strategies for the funds. The role of the fund management commit-
tees in determining the allocation of fund proceeds will be relatively
minor until significant investment earnings are realized. Therefore,
it will likely be several years before the effectiveness of their opera-
tions can be fully evaluated.

A more immediate issue will be the extent to which the parties
succeed in implementing effective abundance-based management
regimes. By moving to the abundance-based approach, they have
acknowledged the need to take natural changes in stock abundance
into account when dividing the available harvest. Under the ceiling-
based approach, the nation of origin either reaped the reward or bore
the brunt of any natural fluctuations in abundance. The approach
was asymmetric in terms of its effectiveness. It worked well when
stocks were increasing. It worked badly when stocks were declining.
When the stocks were declining, those upon whom the ceilings had
been imposed saw no reason to fish below the ceilings, particularly
since they anticipated no rewards tor such sacrifices.

Under abundance-based management, the risk is to be shared
according to the agreed-upon formulas. The risk-sharing arrange-
ment, which carries with it the promise of reward from sacrifice to
both parties, will hopefully prove to be symmetrically effective in
times of decreasing or increasing abundance, thereby lessening
interception pressure on depressed stocks. While abundance-based
management is a relatively new philosophy in the context of interna-
tional salmon harvest allocation, all jurisdictions have experience in
basing at least part of their internal harvest regulations on indicators
of abundance. In the international context, however, significant
challenges will be posed by the general lack of timely and accurate
abundance indicators to which all participants can agree.

The difficulty of forecasting run strength and accounting for
changes over time in the stock composition of harvests will likely be
the most challenging technical problems for implementation ofabun-
dance-based management. In anticipation of those challenges, the
agreement identifies improved scientific cooperation as an impor-
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tant goal. To that end, it calls for enhanced exchange of information
and scientific cooperation and requests that the Pacific Salmon
Commission establish a committee on scientific cooperation to moni-
tor progress and to provide guidance on the distinction between
technical and policy issues.

While the equity issue has not entirely disappeared, it has been
placed ona “back burner.” In the letter of conveyance attached to the
new agreement, the chief negotiators proposed that ”...compliance
with this Agreement shall constitute compliance by the Parties with
their obligations under Article 11 of the Treaty.”™  This means that
if abundance-based regimes are implemented ina manner deemed to
be consistent with the spirit of the agreement, then the ensuing
division of the harvest shall be considered as satistying the treaty’s
equity language.

V. GOALS, GAMES, AND SHIFTS IN COMPETITIVE
ADVANTAGE

Before proceeding to evaluate the new agreement’s prospects
for success, let us return to the discussion of game theoretic concepts
and their application to Pacific salmon management. We have noted
that both individual rationality and notions of equity will affect the
strategies of parties bargaining over the management of
transboundary resources, and that incentives to cooperate can shift
over time. Here, we shall use a comparative-static graphical analysis
to investigate the effects of shifts in competitive advantage and the
significance of tensions between competitive advantage (individual
rationality) and notions of equity. (Compare Munro ¢f al, 1998, and
McKelvey and Miller, 2001.) We shall then turn to an examination of
the destabilizing ettects of random environmental fluctuations, in-
cluding unanticipated regime shifts, especially when managers”
forecasting ability is limited (Golubstov and McKelvey, in prepara-
tion; McKelvey, 2001; McKelvey and Cripe, 2001).

A centrally important point that is often missed or misunder-
stood in discussions of international fishery treaties is that coopera-
tion is not a zero-sum game, Not only can cooperative management
result in larger sustained vields, but changing the allocation of fish
among the parties also can be beneficial. To understand why the
allocation problem is not zero sum, one must realize that the value of
an additional fish to either party is not constant. Rather, the first
increments allocated to either party are likely to be used to serve
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important conservation, cultural, and recreational uses. As more fish
become available, the value of each additional fish declines.

Figure 8 illustrates a simple two-party game. The curved line in
this figure is the Pareto boundary, which describes a set of harvest
allocations satisfying the Pareto condition discussed above, in the
case in which there are no side payments. The Pareto boundary has
a convex shape (i.e., bulging upward at its center). Near the upper-
left-hand corner of the Pareto boundary, the value to party 1 of an
increment in its share of the run may be very high, but that marginal
value would tend to decline as one moves downward and to the right
along the frontier. Simultaneously, the marginal value to party 2
grows, more than offsetting the former’s decline. The total payoff to
the binational community, U +U,, will be maximized at some coop-
erative mix of shared landings.

[ Threal Point [

u]u ...‘_._......_..-i--i---—-----------.--.-.....i

U + U.= Constant

Ulu U," U1

Fig. 8. Two-Party Fisheries Game
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Thereisa “threat point™ (U, U [, which represents the payoffs
available to parties 1 and 2 when their teets fall back to a narrowly
self-interested (and mutually destructive) competition. Neither fleet
will agree to accept less from a cooperative arrangement than it could
achieve unilaterally (the “principle of individual rationality”). There-
fore, inthe absence of side-payments, the “bargaining set” effectively
would be confined to that (darkened) segment of the Pareto bound-
ary which lies between the horizontal and vertical lines passing
through the threat point.

This very simple model can be used to make several points
relevant to the Pacific salmon management problem. First, the bar-
gaining set depicted in this tigure is fairly large, suggesting the
existence of many joint harvesting arrangements that are preterable
to the non-cooperative threat point. Second, if the parties’ levels of
well-being |U,, U | are given equal weight, then there is one coordi-
nated management arrangement which maximizes total community
utility (well-being). This corresponds to the point I’ - the point of
tangency of the Pareto boundary of the teasibility set with a 45-degree
line.

[f the scope of bargaining is conftined to arrangements in which
each party benetits only from its own harvests, then the set of possible
outcomes is limited to those shown by the darkened segment of the
convex Pareto boundary. However, if the parties are also willing to
allow other payments to change hands, then they could achieve an
expanded bargaining set. Efficient harvesting at point P, coupled
with side payments, would cause the 45-degree line to become the
expanded Pareto boundary. With this expanded bargaining set, the
benefits of efficient harvesting could be allocated between the parties
through the use of side payments (monetary or in-kind), or by
allowing the nationals of one jurisdiction to participate in the fishery
located in the other jurisdiction (i.e.. an access agreement). Any point
within the darkened segment of the 45-degree line would both
maximize the sumot the players”levels of well-being and satisfy their
individual rationality. Until recently, U.S, and Canadian negotiators
only considered options in which the benetits accruing to each nation
depended on its own harvests, thus eftectively constraining the
bargaining set to a subset of the possible arrangements.

Now we can examine how climatic shifts may have affected
cooperation between the two nations. By altering the spatial distri-
bution of salmon abundance, a climatic regime shift changes the
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relative payoffs to non-cooperative versus cooperative behavior. In
other words, the position of the threat point is sensitive to a change
in climatic conditions affecting salmon survival rates.

One possible outcome is simply a change in the relative strength
of the parties” bargaining positions. Such a situation is depicted in
Figure 9. For simplicity assume that side payments are not consid-
ered within the bargaining framework (as has been the historical case
for the Pacific Salmon Treaty). Suppose that the threat point is
initially at T" and the parties have struck an agreement within the
bargaining set A-B. A climatic shift then occurs which favors party
2's stocks and changes the position of the threat point to T'. There is
still plenty of room for mutually advantageous cooperation within

i

U,

e

U,

Fig. 9 Game with Shiftt in Threat Poimnmt and No Side Yayvments
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the new bargaining set C-D, but the original deal no longer will be
acceptable to party 2. Party 2, in fact, now can do better by refusing
to cooperate than by adhering to the original agreement. In such a
situation, renegotiation of the terms of cooperation will be necessary
to avoid a retreat to mutually destructive competition (i.e., to the new
threat point). If the other party misjudges the change in circum-
stances — and insists on clinging to the original agreement — or if the
negotiation process is excessively slow and costly, a breakdown in
cooperation would occur.

Another possibility is that a change in abundance patterns may
so advantage one of the players that cooperation no longer pays from
that party's perspective. [f it is costly to negotiate and enforce a

T T T T ]
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Fig, 10:  Game in which Covperation Reguires Side Payments
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harvest agreement, the new threat point could lie above the Pareto
frontier, as depicted in Figure 10. In that case, the only way toachieve
cooperation would be to use side payments to induce that party to
cooperate. Cooperation in such a case would likely collapse if the
parties failed to consider side-payment or access-agreement options,
insisting instead that the distribution of benefits remain strictly tied
to the distribution of the harvest.

We might suppose that when the Pacific Salmon Treaty was
signed in 1985, the parties perceived the threat point as lying in a
position analogous to [U", U | in Figure 8. Given that, they were able
to agree to a pattern of harvesting that roughly satistied individual
rationality and their notions of a “fair” distribution of the harvest
based on the equity principle articulated in the treaty.

In actuality, Alaska never had much to gain by participating in
the Pacific Salmon Treaty. Salmon migration patterns give Alaska a
natural advantage in exploiting chinook salmon from the southern
U.S. jurisdictions and certain Canadian stocks, while Alaskan-origin
salmon are less vulnerable to interception. When climatic conditions
increasingly favored Alaskan salmon, Alaska had even less to gain by
cooperating with Canadianand southern U.S. interests. If we think of
Alaska as “party 2" and the others collectively as “party 1,” this
situation would be analogous to a shift in the threat point from a
position like T"to T' in Figure 9 or perhaps even to a point such as that
depicted in Figure 10.

Canada’s bargaining position vis-i-vis the southern U S, parties
was similarly strengthened by the effects of the climatic regime shitft.
The high Johnstone Strait diversion rates in recent years have en-
hanced British Columbia‘s ability to increase its share of that fishery:.

Our discussion, thus tar, has tocused on shifts in the balance ot
competitive advantage. We have largely abstracted from notions of
stock ownership or “equity” as described in Article I11 of the treaty.
Indeed, from an “equity” standpoint, the notion of rewarding the
party whose competitive position has improved might appear objec-
tionable. However, this analysis suggests that if one ignores the
reality of individual rationality, and the instability of incentives to
cooperate, it may be impossible to maintain cooperation. It would be
equally dangerous to ignore notions of “fairness.” Indeed, Canada’s
claim that the treaty’s equity provisions were being ignored was a
central feature of the recent dispute.
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When the parties signed the 1985 treaty, Canada implicitly
assumed that it would be able to balance Canadian harvest of Pacific
northwest chinook and coho against the U.S. harvest of Fraser
sockeye. It appears that they hoped to meet equity and individual
rabonality requirements simultaneously by pairing two groups of
transboundary stocks which are separately targeted and have differ-
ent countries ot origin, As we have seen, that hope was thwarted by
the subsequent changes in stock abundance, and by the lack of
flexibility in the existing treaty arrangements. It would have been
easier to maintain the intended equity balance it side payments
(monetary or in-kind) or cross-border access arrangements had been
considered.

Now let us turn to the effects of uncertainty in such a bargaining
situation. Neither party can perfectly foresee future environmental
changes attecting stock productivity or return migration paths, De-
cisions, thus, are based on partial information and a limited ability to
forecast the consequences of current actions. In this context, the
amount of information available can make a big difference for the
sustained health of the resource and economic returns to the compet-
ing fleets. Who has the information also matters, and situations
where the parties possess different kinds or levels of information
(situations of “asymmetric information”) are of particular interest.

Up tonow, the etfects of uncertainty on transboundary fisheries
management have been relatively little studied empirically. How-
ever, some interesting insights into the management of uncertainty
can be gleaned from recent theoretical studies ot an idealized model,
the so-called Competitive Split-Stream Model (McKelvey, 2001;
McKelvey and Cripe, 2001). This is a stochastic dynamic model, (i.e.,
the resource changes over time in response to previous harvests and
random environmental variability) based loosely on the characteris-
tics of the Fraser River sockeye fishery. It is intended to capture the
mechanisms of competitive harvest decision-making under circum-
stances of uncertainty similar to those present in the 1994 Fraser
sockeye fishery. That year, Canada returned to an aggressive lishing
stralegy inan elttort o limit LLS. access to the Fraser sockeve stocks,
but misapprehended the strength of the Johnstone Strait diversion,
leading to serious over-harvesting of the late run of Adams River
sockeve (Fraser River Sockeye ['ublic Review Board, 1995). In fact,
the split-stream model seems quite robust and thus relevant to any
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number of competitive harvesting situations under circumstances ot
incomplete and asymmetric information.

The stochastic split-stream fishery model is explicitly dynamic
and examines the idealized population dynamics of a harvested
anadromous fish stock. In each harvest season, the mature tish stock
(constituting the “recruitment” to the fishery) returns to the nursery
stream to spawn, while being harvested along the way. More
specifically the fish run, returning to the river-of-spawn, splits into
two parallel streams, each accessible to harvest by only one of two
competing fishing fleets. Following their separate harvests, the
residual stock runs once again merge (to form the “escapement”) and
then finally spawn. The voung (offspring) generation subsequently
migrates back to the sea, eventually forming a new season's recruit-
ment. Thesize of this offspring recruitment depends on both the size
of the parental spawning-stock escapement and also on the oceanic
survival of the young. It is expressed through a “stock-recruitment
relation” which incorporates both. Following recruitment, the cycle
repeats.

During a fishing season each fleet is modeled as choosing a level
of harvest that is designed to optimize its expected long-run payoft
from the fishery, given the likely actions of the other tleet. This
requires achieving an appropriate balance between the fleet’s imme-
diate harvest and the expected contribution of its escapement to
subsequent recruitment. In making its harvest decision each fleet
must also form an expectation of its competitor’s harvest policy and
of the total escapement that will thus result.

[n this stochastic model, the proportions of the run entering
each stream and the specific stock recruitment relation will change
annually, their fluctuations being dependent on oceanic environ-
mental conditions. Furthermore, the harvesting fleets have only
limited ability to predict these randomly varying phenomena. For
example, though a fleet may observe the size of the partial stock run
in its own exclusive-harvest stream, it may not have the information
necessary to infer the separate factors — the total recruitment and
stream-split proportions — which have led to it. Thus the fleet has
only an uncertain estimate of the overall escapement that its policy,
together with that of its competitor, might achieve. Miscalculations
in choosing harvest levels may easily lead to a significant over-
harvest of potential spawners and hence to a severe depression in the
stock size of the offspring generation. From this illustration it might
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appear thatincreasing the level otenvironmental informationshould
increase the precision of harvest decisions, and that this would
contribute to the profitability of the fishery. Indeed, this is always
true in a fully cooperative fishery.

The value of forecast information in a competitive fishery is
much less clear. It can go either way, in the sense that the additional
information may be beneficial, or it may be harmful (Golubtsov and
McKelvey, in preparation). In some cases - for example when there
Is great inter-annual variability in the “split” - the payotis to equally
informed competitors may increase when more information be-
comes available. The explanation lies perhaps in the fact that blun-
ders by either party can harm the resource to the detriment of both
parties in the long term. In such a case, information transparency,
including cooperative research to improve forecasts of abundance or
migratory behavior, could be mutually beneficial even in the absence
of full cooperation. On the other hand, there are cases in which
additional information will simply intensify the destructive compe-
tition, with the consequence that the payotts to both players will be
reduced (Golubtsov and McKelvey, in preparation). This outcome
may be thought of as yet another dimension of the ubiquitous open
access tragedy of the common.

The case of asymmetric information is even more complex, and
clear predictions of the effects of improved information cannot be
made. Rather, outcomes will depend on the values of the parameters
describing the behavior of the resource and variations in the charac-
teristics of the competitors themselves (e.g. levels of risk aversion,
preferences for future as opposed to current returns, sensitivity of
harvesting costs to changes in abundance).

In many cases, when one party has more information than the
other, that privately held information can powerfully increase the
favored fleet’s competitive advantage over its rival (and thus its
bargaining strength in negotiations over terms of potential coopera-
tion). The more knowledgeable fleet can often use its private infor-
mation to leverage advantages of other sorts (e.g., if the run-split
normally favorsit). In thiscase, that fleet will have a strong incentive
towithhold its private information from its rival, or toexact a sizeable
price for making it public. [f the rival has equity rights to the stock,
institutional arrangements can be designed to minimize the cost of
making public this private information. (See McKelvey, 1997, for an
illustration involving private information of harvest costs.) Obvi-
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ously, if the favored fleet receives additional information, which it is
able to keep private, the greater will be its advantage.

However, there also are cases in which the mistakes of an
uninformed competitor may cause both parties to sutfer when infor-
mation is withheld. If that result is likely, a fleet with private
information may well benefit by making its private information
public! Clearly, if the favored fleet has more private information, the
benefits it will enjoy by releasing hitherto private information to its
competitor will be increased (McKelvey and Cripe, 2001).

Plainly, uncertainty and incomplete information - pervasive
features of many fisheries — can vastly complicate and potentially
destabilize arrangements for cooperative fishery management, es-
sentially by altering the balance of competitive strengths. Thus the
threat point in any negotiation for sustained cooperation can be
expected to shift, and to do so repeatedly. The challenge, then, is to
create institutional arrangements for cooperation that are flexible
and robust against random regime shifts. In the following section we
attempt to lay down some of the features that such an agreement
must entail.

VI. DESIGNING AGREEMENTS FOR COOPERATIVE
JOINT MANAGEMENT
These conceptualand mathematical models, together with other
perspectives on competitive behavior (see e.g., Barzel, 1989;
Eggertsson, 1990; Young, 1999) suggest a set of elements that should
be incorporated in the design of transboundary fishery agreements:

*  Bothindividual rationality and perceptions of equity must
receive consideration in determining the initial distribu-
tion of benefits under an agreement.

e  The scope for bargaining should be as broad as practi-
cable, For example, it should be possible to consider
values other than commercial harvests, and those broader
interests should be integrated into efforts to achieve an
acceptable bi-national balance of benetits.

e Anagreement must reward participation so that no party
is asked to make uncompensated sacrifices.
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*  The agreement should separate the distribution of ben-
efits trom current harvest decisions.

*  Theagreement should reward investment in the resource
by basing adjustments in long-term “ownership” shares
on demonstrated beneficial impacts of such investment.

»  Theagreementshould maintain flexibility toafter harvest-
ing patterns quickly in response to new information aboul
the state of the shared resources.

*  The allocation of current benefits should not be sensitive
to uncertainties regarding stock assessments.  In other
words, neither party should be able to gain by hiding
mformation, delaying a determination of stock abundance,
or by disputing the estimates.

*  The cost of fishery management should be reasonably
small relative to the value of the fishery.

VII. SUCCESS OR FAILURE?

The 1999 Pacific Salmon Agreement represents a “re-framing”
of the bi-national fishery management problem. Conservation con-
cerns have jumped to the forefront, while allocation issues have
faded into the background (Waldeck and Buck, 1999; McDorman,
2000). In many respects, this shift in focus was a natural outcome of
concerns that had been mounting domestically on both sides of the
border. In another respect, the shitt was strategically necessary to
break the previous impasse.

One way to think about the prospects of the new agreement is
to consider the extent to which this apparent change of heart is real,
permanent, and broadly shared. If so, how well does abundance-
based management serve the conservation agenda? If payotfs to the
commercial fishing sector are still a central goal lurking behind the
conservation veneer, will the new abundance-based approach lead to
harvest allocations that participants will view as “fair”? In either
case, can this new agreement achieve the kind of balance between
individual rationality and notions of entitlement that our analysis
suggests will be needed?
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While abundance-based management is meant to respond to
the problem of fluctuating stock abundance, the formulas appear to
be designed primarily for biological conservation.  As such, the
problem of instability in incentives to cooperate does not appear to
have been much affected. This might be a small problem if the two
nations really have changed their minds about the kinds of benefits
that they want to derive from their salmon resources.

Certainly, in the U.S. Pacific Northwest, the aesthetic and cul-
tural value of salmon returning to spawn in their natural habitats,
and vibrant sport fisheries, are now widely viewed as more impor-
tant than maintaining commercial harvests. A similar shift in atti-
tudes appears to have occurred in parts of British Columbia. Further-
more, in the U.S, Pacific Narthwest, the legal mandate to protect and
restore salmon populations listed as threatened orendangered under
the Endangered Species Act will continue to play a powerful role in
shaping fishery management practices and bargaining objectives.

[n both British Columbia and the Pacific Northwest, efforts to
protect or increase aboriginal harvests are also playing a role in
redefining the objectives of fisheries management. In British Colum-
bia, the reallocation of harvest share to aboriginal communities
appears to serve several objectives. In addition to redressing past
injustices, moving a portion of the Canadian harvest from the off-
shore commercial fleet to in-river aboriginal fisheries may increase
the net economic value of the harvest by reducing harvesting and
monitoring costs, while promoting conservation of weak stocks and
reducing Canadian interceptions of U.S. stocks (Schwindt, 1995; Link
and English, 1998). If so, it would appear to be in the interest of both
nations to encourage this Canadian domestic reallocation.

The objectives of Canada and the southern US. parties in the
international bargaining arena appear to reflect these shifting do-
mestic agendas. In Alaska, on the other hand, the commercial fishing
sector is still the dominant concern. Alaska’s fishery managers and
representatives on the Pacitic Salmon Commission and its panels
remain focused on protecting the interests of Alaska’s commercial
salmon harvesters.

These divergent objectives are, to some extent, accommodated
under the 1999 agreement. For example, under the chanook abun-
dance-based regimes, allocations for Alaska’s commercial troll fish-
ery and northern B.C. commercial fisheries depend on aggregate
measures of abundance, while the ISBM rules applied to more
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southerly fisheries are tailored to promote conservation of weak and
endangered stocks. This accommodation can be viewed as an eftort
to balance Alaska's individual rationality position against evolving
concepts of the equity positions of the other parties,

For coho fisheries, on the other hand, there has been little
progress to date on developing a mutually acceptable set of abun-
dance-based regimes, Since the coho fisheries in B.C. and the south-
ern U.S, jurisdictions remain largely closed, the only current tensions
are in the northern area, where joint coho management is compli-
cated by the fact that most of Alaska’s coho stocks are healthy and
able to withstand higher exploitation rates than some of the inter-
mingled B.C. stocks. While most of Alaska’s coho do not have to
traverse long distances in the freshwater to spawn, many of the
weaker B.C. stocks spawn far inland and consequently have [ower
inherent productivity rates due to in-river mortality. 5o for coho,
divergent canservation versus harvest gaals still present challenges
to ettective joint management.

There is language in the new regimes for the Transboundary
Rivers and Northern Boundary area that is intended to clarifv ac-
counting of the harvest balance and its relationship to domestic
conservation measures,”” The Northern Boundary regime calls for
cumulative accounting and pavback of “overages” and “underages”,
with balances to be carried forward in the event of failure to renew the
regime at its expiration. The Transboundary Rivers regime further
specifies that “if a shortfall in the actual catch of a party is caused by
the management action of that Party, no compensation shall be
made”(Annex [V, Ch.1, para.4). This particular provision appears to
address Alaskan charges that part of the alleged interceptions imbal-
ance had been due to inept Canadian efforts to manage Canadian
harvests of weak stocks intermingled with abundant stocks.

The shift in focus toward conservation has not eliminated
competition over harvests, but it does represent a broadening in the
scope for bargaining. Although the treaty language always pro-
moted conservation, until recently it appeared that the implicit goal
of conservation was solely to enhance future commercial salmon
harvests. There now appears to have been a fundamental redefinition
of the purpose of conservation: it has ascended to the position of a
goal in its own right, serving species preservation, biological diver-
sity, and maintenance of cultural and aesthetic values. Attention to
these values allowed the scope of bargaining to extend beyond the
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previous focus primarily on payotfs to the commercial (and to a lesser
extent, sport) tishing sectors.

The Endowment Funds also may serve to expand the scope for
bargaining. In addition, they may provide a vehicle to reward
cooperation and to separate the division of benetits from the division
of the harvest. By calling on the United States to provide the initial
capitalization of the Endowment Funds, the 1999 agreement implic-
itly treats them as a type of side payment from the U.5. to Canada.
The Northern Fund also may be aimed at “sweetening the pot” for
Alaska because a portion of the available money will be spent in
support of Alaskan research and enhancement (O'Neil, 1999h).

The amount of money currently committed to the funds is quite
small in relation to the overall value of the fishery, and their annual
vields will be small in relation to the debt that some Canadians
claimed should be paid by the U.5. for accumulated harvest imbal-
ances. Nevertheless, this vehicle should be considered as a positive
first step. At the very least, the side-payment aspect of the Endow-
ment Funds sets a precedent that may work to overcome a long
standing resistance on the part of many Canadians toward taking
monetary payments in lieu of fish to achieve an equitable balance of
tishery benefits.

The principle that investment in the resource should be re-
warded is partially addressed by the new agreement because, if an
investment results in increased future abundance, all participants
will benefit. In the short term, such benefits would be shared
according to the abundance-based formulas rather than being re-
served exclusively for the home nation. This had been the case under
the previous ceiling-based approach. Over the longer term, it should
be possible to revise the abundance-based formulas to reward invest-
ments that demonstrate sustained positive impacts on stock levels.
In addition, the abundance-based formulas themselves could be
"tilted" to favor the home country when abundance increases, thus
providing an incentive to maintain and improve spawning habitat.
Because not all of the formulas have been worked out in detail, the
extent to which the allocation rules will reward investment is not yet
clear,

Asanaside, it can also be noted that abundance-based manage-
ment could be expected to lead to cross-border resource investment.
If Americans (Canadians) stand to benefit from resource investment
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in Canada (U.S.), then incentive for such investment will obviously
be there. Cross-border resource investment carries with it the tlavor
of the original Fraser River Convention. [tis true that the Convention
fell intodisfavor in Canada in the 1960s. The problem was not that the
principle of cross-border resource investment wasinherently flawed;
it was, rather, that the division of the benefits was perceived as being
“untair.”

Given that conservation is the central thrust of the 1999 agree-
ment, its ultimate success will hinge largely on the extent to which the
parties can effectively implement the abundance-based regimes that
already have been worked out, and on whether or not they succeed
in devising workable arrangements for coho. Effective implementa-
tion of the regimes will require agreement on abundance measures
and accounting methods as well as the ability and willingness to
adjust fishing efforts in response to new information regarding
abundance and actual harvests. Some “bumps in the road” seem
inevitable because forecasts of abundance are imprecise, and it is
difficult to tailor fishing openings and regulations to achieve precise
harvest targets. Provisions in the agreement for making up overages
and underages in subsequent years are meant to address some of this
imprecision, but the general lack of specific deadlines for eliminating
imbalances provides an opening for abuse.

Larger problems may arise if there is failure to come to consen-
sus on the actual measures of abundance (McDorman, 1998b). Al-
ready, there have been some disagreements between Alaska and the
Chinook Technical Committee (CTC) regarding the abundance esti-
mates to be applied in determining allowable chinook harvests
(ADF&G, 2000). The abundance estimates generated by the CTC's
chinook model are very sensitive to the data used to calibrate the
model, and when a recalibration alters the abundance indices, catch
limits are to be adjusted accordingly.™ Last year (2000), Alaskan
officials disputed the results of a recalibration that would have called
for significant reductions in Alaskan harvests. Efforts are under way
to re-assess and improve the forecasting model. However, for
chinook, as for all of the other salmon species, the ability to forecast
abundance and the stock composition of the fish harvested in any
particular area is hampered by data inadequacies and by the uncer-
tain and uneven impacts of variable marine and river conditions.
Therefore, precise estimates are likely to remain an elusive goal. The
best that reasonably can be expected should be mutual willingness to

— —
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accommodate uncertainty and to share the risks arising from impre-
cise abundance estimates. However, given that the incentive struc-
ture remains basically unaltered, scientific uncertainties may loom
larger than ever as a source of conflict.

Data inadequacies are also the primary impediment to develop-
ing abundance-based regimes for coho. In Canada, active coho
management only began within the past few years, and the data and
models that would be needed for workable abundance-based formu-
las are generally lacking. An alternate approach may be to forego the
development of precise allocation rules and to agree instead on
statements of management intent. These would define the types of
actions to be taken by each party as a function of the available
information on stock status.

Abundance-based management will be data intensive. Assuch,
it is not likely to provide a path to low-cost joint management. This
aspect of the agreement is troublesome because, by some estimates,
the costs of administering some of the commercial fisheries for Pacific
salmon are already very high relative to the value of the commercial
catch (Schwindt ef al., 2000).

While the focus on conservation will tend to protect some of the
weak stocks that were jeopardized by the recent turmoil, the new
agreement does relatively little to resolve long-standing differences
over the division of benetits. In fact, some Canadians continue to
worry that Canada will come out short under this agreement, and
they havelabeled it “profoundly disappointing” (Culbertand Beatty,
1999). Although the parties have formally stipulated thatcompliance
with the terms of the new agreement shall be deemed to fulfill the
requirements of Article [11 of the Treaty, the stipulation applies only
for the duration ot the current agreement. If Canadians continue to
teel that their interests have been compromised, there may be re-
newed turmoil when this agreement expires. In addition, the greater
need for scientific consensus implied by this approach either could
prove to be a serious stumbling block or an avenue to a clearer joint
vision of appropriate harvesting patterns.

The vagaries of nature and of the market for commercially
caught salmon might work either to soften or exaggerate the remain-
ing tensions. [f recent trends in stock productivity are reversed, the
abundance-based regimes may allow rapid rebuilding of the cur-
rently depleted stocks and lead to an interceptions balance satisfac-
tory to even the most skeptical Canadian observers. It not, or if the
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north/south contrast in stock productivity worsens, the results of
this experiment may prove to be disappointing,

In addition, the impacts of two decades of explosive growth in
farmed salmon production on the prices for marine-caught salmon
might hasten the decline of commercial harvesting in all but the most
productive areas, perhaps further altering the management objec-
tives of the parties to the treaty. Munro et al. (1998) discussed the
growth of salmon aquaculture production and its implications for
marine-caught fishery salmon production. On the basis of then-
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available data, they made projections of future marine-caught fish-
ery and aquaculture production of salmon worldwide. These projec-
tions led them to predict that aquaculture production would surpass
marine-caught fishery production between 2005 and 2010. Figure 11
reveals that the Munroef al. projections were far, far too conservative.
The salmon production “crossover” had actually occurred before
Munro ef al. was published in 1998!

Figure 12 shows the steady increase in world salmon produc-
tion over the past decade and a half, an increase due very largely to
aquaculture (Figure 11). Figure 12 shows, as well, that the increase in
salmon production has been accompanied by generally declining
prices for frozen wild-caught sockeye in Japan (the principal market
for those fish). Reports for the 2001 fishing season indicate that prices
for wild-caught Pacific salmon are continuing to plummet (Warren
and Chambers, 2001). A recent study confirms that there is a high
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degree of substitutability between aquaculture products and wild
salmon products (except canned salmon), which leaves us in no
doubt about the impact of the growth of salmon aquaculture upon
the prices of wild salmon harvests (Asche ¢f al., 2001). The study also
shows that unit production costs of salmon aquaculture production
in Norway (the lead aquaculture salmon producer) have steadily
declined since the mid-1980s. Such costs in real terms in 1999 were
less than one-quarter of what they had been in 1986. The decline in
costs has, of course, brought forth expanded output. There are no
signs that the falling trend in production costs is abating (Asche et al.,
2001).

As prices have declined, so too have harvesters’ incomes. De-
clining profitexpectations are reflected in the prices at which Alaska’s
transferable fishing permits are being traded. Asrecently as 1991, the
average price for an Alaskan power gurdy salmon troll pernit
peaked at $36,800. By 2001, the inflation-adjusted price for those
permits had declined to just half that level.

VIII. SUSTAINING COOPERATION

It is important at this juncture to consider what else could be
done to maintain positive momentum and to short-circuit any ten-
dencies to slide backwards into aggressively competitive positions.
The 1999 agreement became possible because several of the players
in this multi-player game made significant concessions. Notably,
Canada softened its position on equity. The spirit of cooperation that
allowed such concessions can best be sustained by continuing to
build confidence through incremental reforms that provide rewards
for continued cooperation. Qur analysis above implies that side
payments (perhaps coming from outside of the fishery sector) and
access agreements can be useful tools to sustain cooperation.

The Endowment Funds and vessel buy-back programs in Wash-
ington State and B.C. area useful start, butsuch efforts could go much
further. In particular, the high cost of current efforts to maintain and
restore ailing salmon populations in Puget Sound, along the Oregon
coast and in the Columbia Basin, suggests that there is room to buy
someadditional harvest reductions, particularly if theaffected power,
forestry, water-use, and development interests are allowed to look
across borders to compensate Canadian (and perhaps Alaskan)
harvesters for taking actions to further reduce harvest pressures on
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sensitive stocks (Shaffer and Associates Ltd., 1998). The relative
impacts of exploitation versus improved in-river survival rates are
subject to debate. However, there may be cases in which beneficial
reductions in harvest pressure could be purchased cheaply enough
to make such efforts a valuable component of an overall restoration
program. One possible use of Trust Fund resources would be to make
a comprehensive assessment of the marginal trade-offs between
marine conservation and river enhancement projects. The funds also
could be used to leverage expenditures by public or private entities
who are faced with legal requirements to make salmon-restoration
investments.  For example, cooperative joint ventures might be
negotiated that could entail mixtures of stream-restoration projects
and further harvest reductions.

The potential effectiveness of side payments in fisheries, along
with some of their possible pitfalls, are illustrated by recent historical
developments in the commercial mixed-stock fishery for Atlantic
salmon. Throughout their native range, Atlantic salmon are a highly
prized commercial and recreational game fish. Historically, most
Allantic salmon fishing was conducted by salmon "producing”
nations on stocks primarily of domestic origin. This pattern of
predominantly terminal exploitation changed, however, when fish-
eries targeting over-wintering stocks of salmon from around the
North Atlantic began in the waters off Greenland and the Faroe
Islands in the 1960s. To the consternation of most Atlantic salmon-
producing countries, these high seas, mixed-stock interception fish-
eries grew rapidly. In response to this growing international harvest
allocation issue and other management challenges, in 1983 the North
Atlantic Salmon Conservation Organization (NASCO) was estab-
lished with representation from almost all Atlantic salmon produc-
ing and fishing nations.

Since its inception, delegates to NASCO have negotiated a
maximum annual quota thatcan be taken in the waters off Greenland
and the Faroe Islands that attempts to balance the interests of these
tishing jurisdictions with those of the major sal mon-producing coun-
tries. However, for many individuals and organizations within con-
tinental Europe, the United Kingdom, and North America, there isa
strong belief that the continued execution of any commercial inter-
ception fishery for Atlantic salmon represents economic waste. Spe-
cifically, many argue that the conservation and recreational angling
value of an Atlantic salmon returning to its home waters far exceeds
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its commercial landed value. Consequently, beginning in 1991, and
continuing each year since then, the lceland-based, and largely
privately supported North Atlantic Salmon Fund (NASF) has been
paying commercial Atlantic salmon fishermen in the Faroe Islands
not to fish their NASCO allocated quota. Similarly, in both 1993 and
1994, the NASF reached a comparable agreement with the commer-
cial salmon tishermen of Greenland. Practically, this has meant that
in years in which a successful agreement was reached with either
Greenland or the Faroese, the NASF paid an amount equal to ap-
proximately 25 percent of the total potential landed value of each
jurisdiction’s quota to an organization representing all licensed
salmon fishermen. These organizations then, in turn, made pay-
ments to individuoal license-holders that they represent based on a
previouslyarranged internal allocation scheme. From the tishermen’s
perspective, the financial benefits of this arrangement clearly ex-
ceeded their reasonable expected returns trom tishing. Similarly, for
the NASF and its supporters, the perceived benelits — namely,
improving recreational angling and stock conservation opportuni-
ties in the countries and rivers to which the salmon are destined to
return — have outweighed the cost of paying fishermen not to fish.

Given the uncertainty regarding the number of Atlantic salmon
thatactually would have been caught had the Greenland and Faroese
quota buy-outs not occurred, it is difficult to assess the etficacy of the
NASF's activities. However, a conservative analysis by Potter (1996)
sugpgests that over the course of the first four years ot the Faroese buy-
out, together with the 1993 and 1994 Greenland buy-out, almost
400,000 additional salmon were returned to their home waters in
Europe and North America as a result of NASF activities.

While seemingly effective, the approach taken by the NASF to
reduce harvest levels has not been without its detractors. One
criticism is that by routinely buying out only annual gquotas, as
opposed to retiring licenses permanently, the NASF functions as an
on-going private “subsidy” to the commercial fishers of the Faroe
Islands. While the critics may view this situation as inappropnate,
we would emphasize that the arrangement honors the individual
rationality position of the Faroese and thus maintains their coopera-
tion.

[n the case of the North American Pacific salmon fisheries,
access agreements could encourage more effective conservation
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efforts by allowing more efficient deployment of the bi-national fleet.
Conservation efforts can have disproportionate impacts on the vari-
ous fleets engaged in harvesting salmon. Historically, such uneven
impacts tended to weaken the resolve of fishery managers in pursu-
g aggressive conservation. Anunderlying problem is the compara-
tive immobility of the fishing fleets relative to unrestricted natural
fluctuations in stock productivity. Recent trends toward area licens-
ing have turther restricted fleet mobility, While the uneven impacts
of conservation-oriented regulations could be mitigated by mon-
ctary side payments, in many cases idle harvesters would prefer
compensation in fish — or at least in opportunities to catch fish,

An obvious remedy would be to give harvesters more mobility
acrossjurisdictional lines, including national boundaries. Any scheme
todothisona grand scale (e.g., making the fleets fully bi-national and
giving the commission the powers of an international authority)
seems to be out of the question for now. However, small-scale
regional adjustments might be workable. For example, there are
transferable license programsin all of the Alaskan fisheries governed
by the treaty. One option would be for the U.S. government to buy
some of these licenses and to make them available (perhaps for rent)
to Canadian vessels in years when an imbalance has accumulated.
The Canadian vessels would then be allowed to fish in Alaskan
waters with their harvest credited to the Canadian “account.” A
complementary idea was proposed by Walters (1998), who sug-
gested that individual fishery rights could be denominated in terms
of exclusive rights to fish at a particular time and place (rather than
as individual quotas). He further proposed that the “access cards” be
madle freely transferable and that compliance be monitored by satel-
lite surveillance and mandatory vessel location transponders. If such
a system could work for a domestic fishery, there would be no
particular technical barrier to extending it to allow transfers of access
rights across the border.

Indeed, there are precedents for cross-boundary access agree-
ments in other parts of the world, one example being provided by the
Barents Sea. There, Norway and Russia share an important cod
resource, Arcto-Norwegian cod, along with haddock and ca pelin.
The two countries have had a very successful cooperative resource
managementarrangement extending back to the mid-1970s (Munro,
2000). The arrangement prospered in spite of the Cold War (Norwa y
was a member in good standing of NATO) and the turmoil of the last
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fifteen years in the Soviet Union/Russia. A central pillar was, and is,
the Mutual Access Agreement ot 1976, which enables each country to
take parts of its quotas in the other country’s EEZ. For example, the
agreement allows the Soviets/Russians to take a substantial portion
of their cod quota in the Norwegian zone. The cod migrating between
the Russian and Norwegian zones tend to spend their juvenile life
stages in the former zone, and theiradult life stages in the latter zone.
[t makes eminently good economic sense for the cod to be harvested
asadults (Stokkectal,, 1999). As well as making good economic sense,
the Mutual Access Agreement paved the way for quota trades. Thus,
for example, Norway has obtained more than its allocated cod quota
by “buying” cod quota from the Soviets/Russians, in exchange for
redfish, blue whiting, and other species quota (Stokke ¢f al., 1999),
These quota trades fall within all but the narrowest definition of side
payments. There can be little doubt that the Mutual Access Agree-
ment has greatly enhanced the tlexibility of the Barents Seas coopera-
tive fisheries management.

In the Pacific salmon case, one of the most pressing needs will
be to find a way to keep the parties from turning the abundance
estimates into tools of combat. The Russian/Norwegian cooperative
framework in the Barents Sea provides guidance there as well,
Bilateral scientific cooperation has been facilitated through an inde-
pendent scientific organization ICES (the International Council for
the Exploration of the Sea). The lwonations actively contribute to the
research efforts of this multinational organization and rely on the
[CES Advisory Committee on Fishery Management for stock assess-
ments and recommendations regarding harvest levels and practices.
ICES provides scientific information and advice in support of other
international fishery agreements as well, notably in the Baltic and
North Atlantic. Itsbroad base and independence from direct govern-
ment control allows the recommendations coming from ICES to be
viewed as credible and impartial.

There is a similar scientific organization in the Pacitic called
PICES (the North Pacific Marine Science Organization). [t 1s a much
vounger organization' that has not vet assumed a prominent role in
providing scientific advice to fishery managers, but it is serving to
coordinate international research eftforts on such topics as atmo-
sphere /ocean /ecosystem interactions and specitically the oceanecol-
ogy of salmon populations. It seems possible that PICES could grow
into the role of an independent (and neutral) provider of timely
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management-oriented stock assessments, if the parties to the Pacific
Salmon Treaty were willing to encourage and finance that develop-
ment. Atthe very least, the engagement of such an organization in
the ongoing assessment efforts of the commission and the relevant
fishery agencies could serve to enhance transparency and to curtail
unproductive disagreements about abundance indicators.

IX. CONCLUSION

The jury is still out regarding the likely success of the 1999
Pacific Salmon Agreement. It clearly represents a step forward, but
it certainly does not lay all sources of conflict to rest, nor does it close
all easy avenues for the dissenter’s mischief. Will we continue to limp
along from one unstable agreement to another, or will the parties find
the political will to establish a more robust cooperative regime? Their
approach to the work ahead could be either haphazard or purpose-
Ful.

If the haphazard path is chosen, nature might “keep up the
pressure” and thus enhance the need for long-term resolution of the
issues left unaddressed. On the other hand, a climatic regime shift
favorable to Canada and the south might allay potential dissatisfac-
tion, allowing the current arrangement to survive as “good enough”
until it is again destabilized by future changes in natural or market
conditions.

A more purposeful approach would be to address the remain-
iIng weaknesses in the current agreement in an effort to make contin-
ued cooperation resilient to a wide range of possible changes in
biological or economic factors. Our analysis suggests that to sustain
cooperation, the parties will need to continue to work on enhancing
the flexibility of the agreement. They also will need to pay particular
attention to managing the impacts of scientific uncertainties. Simply
t:nnd'ucting more research, taking more precise measurements and
constructing more elaborate forecasting models is likely to be an
expensive endeavor that is not guaranteed to lead to the desired
payoff of a self-sustaining, mutually satisfactory agreement. Rather,
what is needed is a workable framework for allocating the risks
arising from imperfect ability to forecast and account for variations
inabundance, coupled with agreed-upon procedures to curtail quib-
bling about the estimates.
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AABM
CTC
DFO
EEZ
ENSO
ESA
ICES
IPSFC
[SBM
LOS
NASCO
NASF
PSC
PICES
55Ts
TAC

ACRONYMS

aggregate abundance-based management
Chinook Technical Committee

Department of fisheries and Oceans (Canada)
exclusive economic zone

[Zl Nino-Southern Oscillation

Endangered Species Act (U.S.)

International Council for the Exploration of the Sea
International Pacific Salmon Fishery Commission
individual stock-based management

Law of the Sea

North Atlantic Salmon Conservation Organization
North Atlantic Salmon Fund

Pacific Salmon Commission

North Pacific Marine Science Organization

sea surface temperatures

total allowable catch
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NOTES

'Convention lor the Protection, Preservation and Extension of the
Sockeye Salmon Fishery in the Fraser River System, May 26, 1930,
U.S.-Can., 8 U.S.T. 1058.

“During the post-Treaty period, it has continued to be higher than the
) 5

pret-'iuus. norm. The average diversion rate tor 1977-1998 has been

48.2%,

'Pacitic Salmon Treaty, March 18, 1985, U.S.-Can., 99 Stat. 7 [codified
at 16 U.S.C. 3631-3644 (1997)].

PULN. Law of the Sea Convention, December 10, 1982.
"Id. at art. 66(1).

"Id. at art. 66(4).

“lid. at art. 66(2).

“Id. at art. 56(1}(a).

“Id. at art. 56(2)

" Memorandum of Understanding to the Pacific Salmon Treaty,
supra, note 3,

I,

“ For example, dramatic increases in the abundance of pink salmon
inSoutheast Alaska led to increased fishing effort in Alaska’s District
104 Purse Seine Fishery (measured in terms of the number of boat-
days). The Treaty regimes have restricted Alaskan effort in this area
through roughly the third week in July (statistical week 30 in Treaty
parlance) to control Alaskan interceptions of Nass and Skeena River
sockeye. However, the regimes provided for no restrictions later in
the season, even though some Canadian sockeye would still be
intermingled with the later-migrating Alaskan pinks. Therefore,
most of the increased effort (and increased interceptions) occurred
the period atter Statistical week 30 (ADF&G, 1994; PSC, 1998). In the
Southeast Alaska fisheries targeting pink and coho salmon, high-
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abundance years during the 1980s and 1990s generally allowed both
catch per unit of effort and spawning escapements to increase
(ADF&G,1994; Van Alen, 2000). Alaska has a limited entry / transter-
able permit system for its salmon fisheries that was passed into law
in 1973 (Schelle and Muse, 1986; State of Alaska Commercial Fisher-
les Entry Commission, 2000). The limits appear to have prevented
excessive increases in effort in response to the expanded fishing
opportunities.

" Strangeway and Ruckelshaus, 1998, p. 8.

“Id. at p. 8.

"Itshould be noted that for the Fraser stocks, these abundance-based
rules are not completely novel. The management regime incorpo-
rated in the original annex to the 1985 Treaty called for the U.S.
harvest to be reduced below the levels implied by the 4-year caps
during periods of low abundance. Pacitic Salmon Treaty, March 18,
1985, U.S.-Can., 99 Stat. 7, Annex [V, Chapter 4 [codified at 16 U.5.C.
3631-3644 (1997)].

" Letter of Donald McRae and James Pipkin to Lloyd Axworthy,
David Anderson and Madeleine Albright, dated June 23, 1999,

"U.S. - Canada Agreement Relating to the Pacific Salmon Treaty,
June 30, 1999, Annex IV, Chapters 1 and 2.

" 1d. at Chapter 3, section 6.

" PICES is only 10 years old, while ICES is close to 100 years old.
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