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Abstract

This dissertation examines three aspects of Alaska's Limited Entry program. Chapter 1 explores 

the outcome of dual-permit regulations. The Alaska Board of Fisheries passed regulations allowing for 

dual permit operations in the Bristol Bay Pacific salmon drift gillnet fishery starting in 2004. These 

regulations allow two permit holders to fish from a single vessel with additional gear. Policymakers 

anticipated that the dual permit regulations would encourage young fishermen to enter the fishery and 

reduce the number of limited entry permits transferred from local fishermen to nonlocal fishermen and 

nonresidents. Statistical analyses reported in Chapter 1 indicate that the dual-permit program successfully 

offset part of the adverse influence of increases in the market value of permits on the number of new 

entrants and that implementation of dual-permit regulations was followed by a reduction in the median 

age of new entrants, particularly among nonresidents. However, the implementation of dual-permit 

regulation failed to staunch the outflow of limited entry permits.

Chapter 2 examines the persistence of heterogeneity in the size of fishing vessels active in the 

Bristol Bay salmon drift gillnet fishery. When entry was limited, the commercial fishing fleet included a 

mix of vessels up to the long-established 32-foot maximum length. The race for fish that so often arises 

under license limitation favors the adoption of vessel and gear configurations that maximize catch-per- 

day and could be anticipated to lead to increased homogeneity in fleet composition. Yet, statistical 

analyses indicate that even after over four decades, the composition of this fleet remains heterogeneous in 

vessel size and vessel value. Multivariate analysis of time series observations of vessel values indicates 

that vessels captained by permit holders who were given their permit are less capitalized than vessels 

captained by permit holders who purchased their permit. Likewise, vessels operated by local resident 

permit holders are less capitalized than vessels owned by nonlocal Alaskan or nonresident permit holders.

In addition, vessels operated by older permit holders are less capitalized than vessels operated by younger 

permit holders.



Chapter 3 examines the factors that influence the migration of permit holders. Since limitation, 

there have been concerns that ever more of the permits issued to individuals local to Alaska's fisheries 

would come to be held by individuals who were not local to the fisheries. The count of permit holders 

local to a fishery can change because of transfers, administrative cancellations, or because permit holders 

migrate either to or from fisheries where the permit is used. Chapter 3 considers possible factors that 

predict permit migration to or from different residency classes. Included in our analysis was a look at 

season length, fleet participation rates, permit transfers, the size of the fleet, gear type, wages of 

construction workers to serve as a proxy for substitute employment, and the local unemployment rate. 

Statistical analyses indicate that fisheries with longer seasons show slightly elevated migration from local 

to nonresident status of permit holders. Permit latency and permit holder migration have a negative 

relationship among the significant variables. Transfers serve as a substitute for permit migrations and 

provide the largest influence on permit migrations. For every resident type of migration, as the transfer 

rate increases, fewer permit holders migrate. The total number of permits within the fishery also affects 

the migration of permit holders, albeit only minimally. The second-largest influence on permit migration 

is gear type. Migrations to local setnet permit holders had a smaller magnitude of change than migrations 

from permit holders across most categories. Generally speaking, migration tends to move towards a 

nonresident status of permit holders. Wages of construction workers were only significant at the 5% level 

for transfers from locals to nonresidents and from nonresidents to locals, but both variables were positive. 

As the local unemployment rate increases, the rate of locals emigrating outside of Alaska increased.
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General Introduction

Salmon has been a keystone resource for residents of the Pacific Northwest and Alaska since time 

immemorial (Rogers 1979, Higgs 1982, Newell 1994, Trosper 2003, Clark et al. 2006). Documented 

commercial exploitation of salmon resources began as early as 1898 (Byerly et al. 1999). By the end of 

World War I, 135 salmon canaries were operating in Alaska (Montgomery 2003), and by the 1930s, 

salmon generated the majority of the territory's revenues (King et al. 2009). While there were some 

management efforts such as the 1924 White Act, which included, among other provisions, a 50-percent 

escapement goal, in actual practice commercial harvest focused on short-term goals of maximizing catch 

(Clark et al. 2006). Those shortsighted strategies depleted many salmon stocks to such an extent that, by 

the 1950s, they were declared a federal disaster (Cooley 1963, Clark et al. 2006).

Moreover, because federal authority did not extend beyond 12 nautical miles from Alaska's 

shoreline, foreign vessels fishing beyond the 12-mile limit took substantial harvests of salmon from the 

1930s through the commencement of World War II and resumed shortly after the war's conclusion 

(Pennoyer et al. 1979). This federal mismanagement of Alaska's salmon fisheries, in part, provided an 

impetus to secure statehood, which it was hoped would empower Alaskan control of Alaskan salmon 

fisheries (King et al. 2009). Pursuant to that interest, Alaska was the first state to enshrine natural resource 

management in its state constitution. Article VIII, section 1 of the Alaska Constitution states:

It is the policy of the State to encourage the settlement of its land and the development of

its resources by making them available for maximum use consistent with the public 

interest.

With the passage of statehood on January 3, 1959, Alaska assumed control of its natural resources. The 

Alaska Department of Fish and Game (ADF&G) was established and, among its many responsibilities, 

charged with managing salmon stocks. Among the earliest legislation passed in Alaska was a ban on fish 

traps, a ban that disrupted the monopsony power of canneries (Cooley 1963, Adasiak 1979, Young 1983, 
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King et al. 2009, Criddle 2012) and led to a rapid increase in the number of independent fishing 

operations. With more effort, it became increasingly difficult to use management tools such as gear 

limitations or shortened seasons and openings to prevent the overharvest of fish stocks and the 

economically destructive tragedy of the commons (Hardin 1968, Wilen 1988). Several attempts by the 

State to limit participation in salmon fisheries failed in the 1960s, in part because Article VIII of the State 

Constitution specifies in section 15 that:

No exclusive right or special privilege of fishery shall be created or authorized in the 

natural waters of the State.

In CWC Fisheries v. Bunker, 755 P.2d 1115 (Alaska 1988b), the court found that the prohibition against 

issuance of exclusive rights extended to actions that would impinge public trust easements for purposes of 

navigation, commerce, and fishing.

Efforts put forth by the ADF&G were not seen as sufficient to maintain the biological or 

economic viability of Alaska's salmon stocks to the point that voters amended the state constitution 1972 

to authorize the passage of the 1973 Limited Entry Act (Gho et al. 2012). The amendment to the State 

Constitution provided:

This section does not restrict the power of the State to limit entry into any fishery for the 

purposes of resource conservation, to prevent economic distress among fishermen, and 

those dependent upon them for a livelihood and to promote the efficient development of 

aquaculture in the State.

The Limited Entry Act established a commission to limit entry into fisheries. By 1975, the Commercial 

Fisheries Entry Commission (CFEC) began limitation in 19 salmon fisheries, eight of which were 

considered by the legislature to be distressed (see 20 AAC 05.300). Six additional salmon fisheries were 

limited in 1976. Additional fisheries were limited over the next several years whenever the CFEC 

determined that limitation would satisfy the constitutional and statutory requirements to ensure biological 

conservation and prevent economic distress among fishermen and those dependent upon fisheries for a 

livelihood.
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Nevertheless, it is technically challenging to manage a fishery for maximum sustained yields, 

particularly faced with technological innovations that increase fishing power, unpredictable 

environmental fluctuations that affect the growth, survival, and distribution of salmon, and the wide- 

ranging transboundary migratory patterns that characterize salmon social-ecological systems. By the 

1960s and early 1970s, foreign fishing had expanded into offshore waters all along the coast of Alaska, 

British Columbia, and the Pacific Northwest (Pennoyer et al. 1979). Together, the U.S. assertion of an 

exclusive economic zone (EEZ; 0-200 miles) under the Magnusson-Stevens Conservation and 

Management Act of 1976, and the Convention for the Conservation of Anadromous Stocks in the North 

Pacific Ocean (1992) closed high seas fisheries for Pacific salmon. At the same time that managers gained 

the legal capacity to manage the exploitation of salmon stocks, the North Pacific waters off Alaska 

underwent a climatic regime shift that increased productivity for growth and survival of salmon at sea 

(Hare and Francis 1995, Adkison et al. 1996, Beamish et al. 1999, Ruggerone et al. 2010). Reduced 

competition from foreign vessels and increased salmon productivity led to rapid increases in Alaska's 

salmon harvests and reignited the race-for-fish as a race to invest in increasingly powerful fishing vessels. 

As noted by Fritz Johnson, an influential and long-time Bristol Bay salmon fisherman, in the long run, in 

a fully utilized fishery, any gains to one permit holder by having a larger vessel can only arise from 

offsetting losses to other fishermen and will eventually be dissipated as other permit holders follow suit 

through modifications to their existing vessels or through purchases of new vessels. That is, in the end, 

boat makers are the only winners of a race-to-fish manifest as a race to increase fishing power.

Throughout its existence, the CFEC has been defined and refined by the legislature and the 

courts. However, the fundamental character and legal authority of the Limited Entry Act has been largely 

preserved. Challenges to the free transferability of limited entry permits have been denied by the Alaska 

Supreme Court, in part because free transferability helps fishing families maintain their fishing heritage. 

For example, in State v. Ostrosky, 667 P.2d 1184 (Alaska 1983), the court stated that for it to be 

constitutional, a limited entry system should impinge as little as possible on the open fishery clauses in 

the Alaska constitution and not go beyond the constitutionally authorized purpose of limited entry, 
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namely, serving conservation and preventing economic distress to fishermen and those dependent upon 

them for a livelihood.

Under the Limited Entry Act, permits cannot be leased and must be used by the permit holder. An 

exception is provided for a permit holder who is prevented from fishing due to an “unavoidable hardship 

of a temporary, unexpected, and unforeseen nature” (Adasiak 1979). Such fishermen are authorized to 

obtain an Emergency Transfer, which functions as a lease of the permit in a specified framework (Strong 

2019). The Alaska Supreme Court emphasized this principle in Grunert v. State, 109 P. 3d 924 (Alaska 

2005), which declared that allowing persons who are not fishing to benefit from the fishery resource is 

inconsistent with the Limited Entry Act's purpose and policy. When individuals decide to exit a fishery, 

they generally have the option of transferring their permit for market value.

The Limited Entry Act provides that limited entry permits are privileges rather than fee simple 

property rights that can be encumbered (Adasiak 1979). Although the CFEC reviews permit transfer 

requests to ensure that the proposed recipient qualifies to hold a permit, the CFEC does not control permit 

prices. Permittees may freely gift their permits, or they may sell their permits for whatever price the 

market will bear. Within the transfer application, sellers notify the CFEC of the monetary terms. Each 

year, the CFEC averages the fair market value transactions for each permit type and includes those values 

in annual reports. Permit values reflect the future stream of potential earnings within a fishery (Karpoff 

1984, Huppert et al. 1996, Newell et al. 2007). Some permit values can be very high, requiring 

considerable effort to raise the capital for their purchase. Private banks and other lending institutions are 

prohibited from encumbering limited entry permits, which limits their use as collateral for loans. The 

state, however, has authorized the Alaska Commercial Fishing and Agriculture Bank (created by 

legislation in the 1970s) and the Alaska Department of Commerce, Community and Economic 

Development to offer loans to Alaska residents to purchase limited entry permits and to secure those loans 

by encumbering the permits.

Commercial fishery limited entry permits are only issued to natural persons (individuals); they 

cannot be held by corporations, communities, or other entities. Initially, individuals could hold no more 

4



than one permit for each fishery. In 2002, the Alaska legislature amended Alaska Statute 16.43.140 (c) to 

allow individuals to hold up to two salmon permits in the same fishery but did not allow them to gain 

additional fishing privileges from holding a second permit. In 2006, House Bill 251 granted the Alaska 

Board of Fisheries (BOF) the authority to authorize additional fishing privileges to individuals who hold a 

second permit. The rationale supporting this legislation was that taking a permit out of the water or 

authorizing an incremental amount of fishing privilege could serve as a tool to reduce fishing effort.

While there has been a substantial amount of political desire to maintain permits in the hands of 

specific Alaska user groups, the Alaska Supreme Court has made it clear that no preference can be 

granted for State-managed resources to locals or Alaska residents under the Alaska constitution. In State 

v. Enserch, 787 P.2d 624 (Alaska 1989a), the Alaska Supreme Court struck down a local hire preference 

for residents of economically distressed communities. Similarly, McDowell v. State, 785 P. 2d 1 (Alaska 

1989b) struck down a rural preference for subsistence users during times of resource shortage. Similarly, 

in State v. Carlson, 65 P.3d 851 (Alaska 2003), the court clarified limits to the differential in fees and 

taxes charged to nonresident permit holders.

The process of limiting entry to a fishery can be initiated by the CFEC or by petition to request a 

limitation. Limitation can go forward if the record establishes that limitation of the fishery would achieve 

conservation benefits and prevent economic distress among fishermen and those dependent upon fisheries 

for their livelihood. A decision to limit entry requires a concomitant determination of the maximum 

number of limited entry permits to be issued. By statute, the maximum number of limited entry permits 

issued must be no less than the highest number of units of gear in the fishery in any one of the four years 

immediately preceding the qualification date. Because fishermen come and go from various fisheries and 

because the maximum number only reflects the unique participants in a single year, there are always more 

eligible applicants than the maximum number of permits authorized.

To stay within the maximum number, CFEC establishes a point system to rank applicants 

according to the degree of hardship they would suffer if they do not receive a limited entry permit. 

Limited entry permits are issued to applicants with the highest number of points until the maximum 
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number of permits has been issued. Additionally, the point system includes a minimum point level of 

significant economic hardship wherein all applicants at or above this level are issued a permit even if 

doing so will exceed the maximum number. Similarly, the point scheme must designate the level of points 

that signify only minor economic hardship to applicants who do not receive permits. Applicants who are 

at or below the minor economic hardship level are issued a non-transferable permit. A non-transferable 

permit effectively expires when the permit holder no longer participates in the fishery. The vast majority 

of permits issued are transferable. Only 14.3% of the limited permits that have been issued were issued as 

non-transferable permits, and 61.1% of those were Statewide Salmon Handtroll permits (Gho et al. 2019).

The Limited Entry Act included a provision whereby the number of permits within a fishery 

could be adjusted after the completion of an optimum number analysis. To date, optimum numbers have 

only been established for three fisheries. In the 1990s, based on a study reported in Schelle et al. (1992), 

the CFEC established an optimum number for the Southeast Alaska Roe Herring Purse Seine fishery. 

During the mid-2000s, based on a study reported in Schelle et al. (2004), the CFEC established an 

optimum number for the Bristol Bay salmon drift gillnet fishery. Without an optimum number study, the 

CFEC adopted an optimum number for the Northern Southeast Inside Sablefish fishery (20 AAC 

05.1145). To do so, the CFEC relied on their written remarks based on a record that demonstrated the 

comparative needs of the fishery. The Alaska Supreme Court unanimously upheld the commission's 

optimum number decision in Simpson v. State, CFEC 101 P. 3d 605 (2004). While the founders initially 

conceived the idea that there would be multiple optimal number studies and permit buybacks as part of 

limited entry, a 1985 Alaska Attorney General's opinion pointed out that having a dedicated fund was 

unconstitutional (ADOL 1985). In 1988 the Johns v State , CFEC, 758 P. 2d 1256 (Alaska 1988a) 

decision further impacted thinking about fleet reduction under the limited entry program as the court 

warned that further reducing the number of participants in a fishery is only constitutional if that level of 

exclusiveness is needed either to prevent economic distress or for resource conservation reasons.

The Bristol Bay, Alaska, salmon fishery is the largest and highest-value salmon fishery in North 

America. Before commercialization, the abundant salmon resources of Bristol Bay sustained a large 
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population of Native Alaskans, a population that was devastated by the Spring 1919 flu epidemic. The 

sockeye salmon run in Bristol Bay is the primary focus of the commercial fishery. Because nearly all of 

the sockeye salmon run takes place over a few short weeks, and because there are few economic activities 

available outside of the short summer season, the commercial fisheries of Bristol Bay have resulted in a 

seasonal influx of fishermen and fish-processing labor that has not supported the development of robust 

and diverse fisheries-based community economic development. Limitation into the Bristol Bay salmon 

drift gillnet fishery resulted in three waves of applicants who received permits. The first application 

period ended with a cutoff date of January 1, 1973, for gear license holders who had participated in the 

fishery, and a maximum number of 1,669 permits was set. In 1977, the Supreme Court ruled in Isakson v. 

Rickey, 550 P. 2d 359 (Alaska 1976) that license holders who fished as gear license holders for the first 

time in 1973 or 1974 could also apply. An additional class action, Wassillie v. Simon, allowed a third 

wave of applicants in 1988 and added approximately 275 transferable permits to the Bristol Bay salmon 

drift gillnet fishery. Concern has been expressed that discordance between the historical structure of 

commercial and subsistence fishing activities within native communities and the criteria included in 

CFEC's point system for issuance of LEPs led to the underrepresentation of Native Alaskan fishermen in 

the issuance of permits (Koslow 1982). In the years following entry limitation in the Bristol Bay salmon 

fisheries, the share of LEPs owned by local residents has declined from 38.0% down to 18.0% by the end 

of 2018, and the share of LEPs owned by Alaska residents declined from 63.3% to 44.7% (Gho et al. 

2019).

The farmed production of Atlantic salmon began to take a substantial share of the global salmon 

market beginning in the early 1990s (Herrmann 1995). By the early 2000s, the ex-vessel price of wild 

Pacific salmon had collapsed (Adkison 2003, Herrmann et al. 2004, Knapp et al. 2007, Williams et al. 

2009, Steiner et al. 2011). The resulting financial stress of lower salmon prices led to a collapse in the 

value of limited entry permits (Criddle 2012, Criddle and Shimizu 2014) and led many permit holders to 

sell their permits. Permit holders from rural fisheries-dependent communities that lack employment 

opportunities outside of the fishing industry were particularly challenged by both their losses in fishing 
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revenue and the losses in assets used for fishing. Several legislative and regulatory actions were proposed 

to stem the permit outflow. In 2002, the Alaska legislature passed House Bill 286, which amended 

16.43.140 (c) to allow individuals to hold up to two salmon permits in a salmon fishery but prohibited 

them from fishing the second permit. A review of the legislative history suggests that this statute was 

intended to allow Alaskans to retain permits until they could be transferred to other Alaskans rather than 

sold to nonresidents. The prohibition on fishing the second permit was relaxed in 2006 with House Bill 

251, which gave the BOF authority to grant additional fishing privileges to the holder of a second salmon 

permit. After this amendment, the BOF considered proposals for permit stacking. The BOF authorized 

permit stacking, allowing a single individual holding two permits to fish two full complements of gear, in 

salmon setnet fisheries in Kodiak (2008-2010), Bristol Bay (2010-2012), Cook Inlet (2011 to present), 

and Yakutat (2012 to present). The BOF also authorized permit stacking for the Cook Inlet drift gillnet 

salmon fishery starting in 2017.

As another regulatory action intended to encourage local and nonlocal resident holdings of 

permits, the BOF also authorized the formation of dual permit operations. A dual permit operation 

consists of two permit holders fishing in a joint operation. Like permit stacking, it was envisioned that 

dual permit operations could reduce the total amount of gear deployed in the fishery without reducing the 

total number of permits. For example, starting in 2004, the Bristol Bay salmon drift gillnet regulation for 

dual permit operations allows two permit holders, fishing as a dual permit operation, to increase the 

length of their net from 150 fathoms up to 200 fathoms, thereby reducing the total amount of gear that 

could have been independently fished by the two permit holders by 100 fathoms, 33%. Dual permit 

operations have also been authorized in the Cook Inlet salmon drift gillnet fishery starting in 2008, and 

the Southeast herring gillnet fishery in 2006.

Limited entry has been used as the primary management tool to ensure that there are not too 

many participants prosecuting Alaska fisheries. While limited entry has ended the increase in the number 

of vessels fishing, it has not stopped fishermen from purchasing larger and more powerful fishing vessels 

to harvest an unchanged quantity of fish (Pearse and Wilen 1979, Townsend 1985, Wilen 1988, 1989).
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Because of the competitive race for fish, fisherman who are among the first to invest in larger and more 

powerful vessels can gain a temporary advantage over those who are slower to do so (Criddle and 

Shimizu 2014). This leaves the fleet with an incentive to add the upgrades, which serve to dissipate the 

individual benefits of such capital investments. At almost every BOF Bristol Bay Finfish meeting, there 

are proposals to extend the maximum 32-foot vessel length in the Bristol Bay salmon drift gillnet fleet. It 

is often brought up and recognized that such an action would only serve to enrich the boat builders as 

everybody will be cutting up and extending their boat to the new maximum length. In addition to vessel 

length proposals, at each cycle, proposals are introduced to provide other individual advantages to 

fishermen, for example, allowing drift gillnet permit holders the ability to purse seine. During public 

testimony, it is often discussed that the benefits would be washed out as the fleet homogenized in their 

capacity to chase the same number of fish, thereby removing any actual benefits.

There are three ways in which the total count of permits for a region can change: permits can be 

transferred; permit holders can migrate from one region to another while continuing to hold their permit; 

or permits may be administratively canceled, such as when the holder of a non-transferable permit must 

exit the fishery and no longer renews their permit. Although nearly 82% of all limited entry permits were 

initially issued to Alaska residents, by the end of 2018, only 76.9% of permits were held by Alaska 

residents (Gho et al. 2019).

Transferability allows but does not ensure that permits remain within fishing families and fishing 

communities. Permits can change hands either through transfers or through inheritance. There is a 60-day 

waiting period before an individual seeking a transfer can transfer their permit. The waiting period is 

intended to ensure that the permit holder carefully considers the transfer (Adasiak 1979). The choice to 

transfer a permit to a new entrant or continue fishing remains with the permit holder. A “graying of the 

fleet” has been observed in many Alaskan fisheries sparking social and political concerns (Donkersloot 

and Carothers 2016). Of similar political and social concern are the numbers of permits that are 

transferred from Alaska residents to nonresidents.
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In addition to concerns over transfers of permits, there are also some concerns that permit holders 

move either outside of the region wherein they fish, or even outside of Alaska. The largest migration of 

permit holders has been from Alaska rural permit holders (36.4%), followed by Alaska urban locals 

(20.8%) (Gho et al. 2019).
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Chapter 1 . Dual Permit Operations in the Bristol Bay Pacific Salmon Drift 

Gillnet Fishery1

1 Gho M, KR Criddle, M Adkison, B Twomley, B Brown. Dual permit operations in the Bristol Bay Pacific salmon 
drift gillnet fishery. (in revision)

Abstract

The Alaska Board of Fisheries passed regulations allowing for dual permit operations in the 

Bristol Bay Pacific salmon drift gillnet fishery starting in 2004. These regulations allow two permit 

holders to fish from a single vessel with additional gear. Policymakers anticipated that the dual permit 

regulations would encourage young fishermen to enter the fishery and reduce the number of limited entry 

permits transferred from local fishermen to nonlocal fishermen and nonresidents. Statistical analyses 

reported herein indicate that the opportunity to enter the fishery as part of a dual-permit operation 

partially offsets the adverse influence of increases in the market value of permits on the number of new 

entrants. Separate analyses indicate that, after controlling for overall changes in the average age of the 

Alaskan workforce, implementation of dual-permit regulations was followed by a reduction in the median 

age of new entrants, particularly among nonresidents. Implementation of dual-permit regulation has not 

staunched the outflow of limited entry permits even with highly subsidized programs to help local permit 

holders acquire permits.

Introduction

With statehood, the Alaska Department of Fish and Game (ADF&G) was established, and, as 

directed by the State Constitution, ADF&G adopted policies intended to ensure sustained yield in 

fisheries (King et al. 2009). To achieve that goal in the Pacific salmon Oncorhynchus spp. fisheries, 
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ADF&G adopted an escapement-based strategy but struggled to find effective mechanisms to control 

catches (King et al. 2009). Limited entry (Crutchfield 1961; Bishop 1973), a system in which a limited 

number of transferable or non-transferable fishing permits are issued, had been implemented in Rock 

Lobster Panulirus cygnus fisheries in Australia (Meany 1979) and Pacific salmon and Pacific Herring 

Clupea pallasi fisheries in British Columbia (Fraser 1979). While it was anticipated that the adoption of 

limited entry would lead to effective control of catch, there was concern that limited entry programs 

would conflict with the Alaska Constitution. Article VIII of Alaska's constitution establishes policies for 

the utilization, development, and conservation of natural resources. In Article VIII section 4, the state 

government is directed to base its management of natural resources on the sustained yield principle. Thus, 

the adoption of limited entry as a means to control catch was viewed as consistent with that section of the 

constitution. However, Article VIII section 3 stipulates that natural resources be “reserved to the people 

for common use.” It was deemed unlikely that limited entry would satisfy that provision. To address this 

conflict and expressly authorize consideration of limited entry as a management option, Article VIII 

section 15 was amended to empower the state to:

... limit entry into any fishery for purposes of resource conservation, to prevent economic 

distress among fishermen and those dependent upon them for a livelihood and to promote 

the efficient development of aquaculture in the State.

Article VIII section 15, together with the Limited Entry Act (the Act), established limited entry as a 

legally viable basis for the management of Alaskan fisheries (Twomley 2003).

The Act provided authority for the creation of the Alaska Commercial Fisheries Entry 

Commission (CFEC). Under the authority of the Act, the CFEC has limited the number of commercial 

fishing permits in most state fisheries. Limited entry permits (LEPs) issued by the CFEC grant their 

holders a perpetual and usually transferable entitlement to participate in a specific fishery (defined by 

geographic location and permissible fishing gear). The LEP can be renewed each year for a fee or 

transferred to another person through gift, sale, or through an inheritance. Consistent with the common 

16



use clause of Article VIII of the Alaska State Constitution, when the Act was passed, individuals were 

limited to no more than one permit in any given fishery.

LEPs have served as a primary management tool for Alaska's fisheries for over four decades. 

Although the enactment of the LEP programs ended growth in the number of boats fishing, it did not stop 

fishermen from purchasing ever more powerful and costly fishing vessels to catch an unchanged quantity 

of fish (Wilen 1988, 1989). This phenomenon arises because fishermen who are among the first to adopt 

new technology that increases catch per day gain at least a temporary advantage over those who are late to 

adopt (Criddle and Shimizu 2014). The spendthrift consequences of the ensuing race for fish were 

anticipated within a few years of implementation of LEP programs in Alaska's fisheries for Pacific 

salmon (Fraser 1979; Pearse and Wilen 1979; Rettig 1984). Nevertheless, the anticipated consequences 

did not fully materialize until the early 1990s when Pacific salmon ex-vessel prices crashed due to 

competition from expanding world supplies of farmed salmon (Figure 1-1; Herrmann et al. 1993; 

Herrmann 1994; Williams et al. 2009). The crash reduced inflation-adjusted ex-vessel revenues to about 

15% of their peak value and led to a proportionate decline in the capitalized value of LEPs, bankrupting 

many fishermen who purchased or collateralized their LEPs when they were near their peak value 

(Criddle 2012).

By the early 2000s, the inflation-adjusted price of Sockeye Salmon O. nerka was at an all-time 

low (Figure 1-1). The resulting financial stress led many LEP holders to sell their permits. Fishermen 

from small rural fisheries-dependent communities with limited employment opportunities outside the 

fishing season were particularly vulnerable to the concomitant collapse of annual earnings and asset 

value. In 1975, local rural Alaskan fishermen controlled 38.0% of all the Bristol Bay drift Pacific salmon 

gillnet permits; by 2017, their holdings share had fallen to 18.3% (Gho and Farrington 2018).
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Figure 1-1. Total ex-vessel value ($100 million, 2015 base) of all Pacific salmon commercial fisheries in 
Alaska, 1975-2016.

State policymakers became concerned about the number of LEPs being transferred from local 

residents to Alaskans from outside the region (nonlocals) and nonresidents and began to explore policy 

options to address permit leakage (Shriver et al. 2014). Among the options considered was a proposal to 

allow up to two LEP holders to fish their gear from a single boat, the dual permit system. The Alaska 

Board of Fisheries adopted this option for the Bristol Bay Pacific salmon drift gillnet fishery in 2004. 

Dual permit regulations have since been adopted for the Cook Inlet Pacific salmon set gillnet fisheries, for 

a Southeast Alaska Pacific Herring fishery, and have been proposed for many other state LEP fisheries. 

While these proposals are often motivated, in part, as a way to stem the loss of local holdings of LEPs, 

dual permit regulations are increasingly proposed as a means to increase the number of young LEP 

holders to address social concerns about “graying of the fleet” (Donkersloot and Carothers 2016).

For the Bristol Bay Pacific salmon drift gillnet fishery, the dual permit regulations allow 

participants to fish a longer gillnet, 200 fathoms instead of the standard limit of 150 fathoms. That is, 

instead of each fishing a 150-fathom net from their vessel, two LEP holders can partner on a single vessel 

to fish a single 200-fathom net. While fishing a longer net provides a competitive advantage in this derby 

fishery, average catch from a 200-fathom net is less than the average catch from two 150-fathom nets.
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Nevertheless, by combining two permits on a single vessel, total variable and fixed operating costs are 

reduced relative to the costs of fishing two vessels. Testimony at Board of Fisheries meetings suggests2 

that dual permit operations reduce financial barriers to entering into the fishery; new entrants still have to 

purchase an LEP, but they can avoid the cost of purchasing a vessel if they can find a partner who has a 

boat and is willing to operate under dual permit rules. Drift gillnet permit holders typically employ two to 

three crewmembers. Under a dual permit, a new LEP holder can crew for a more experienced LEP holder, 

thereby gaining experience in vessel operation, earning a crew share (labor is compensated based on a 

fraction of adjusted gross revenues earned from the sale of catch), and earning a return on their LEP 

(permit holders receive an additional fraction of adjusted gross revenues). At the same time, their partner 

benefits from their share of the value of the additional catch made possible by the opportunity to fish 

additional gear and from being able to share some of the vessel operating costs. With the implementation 

of the dual permit regulations, the amount of gear in the water (Figure 1-2) has remained about 20% less 

than levels typically deployed during the 1980s and 1990s despite recent increases in average exvessel 

earnings (Gho and Farrington 2018).

2 See, e.g., record comments for the December 2012 Alaska Board of Fisheries meeting. 
(http://www.adfg.alaska.gov/index.cfm?adfg=fisheriesboard.meetinginfo&date=12-04-2012&meeting=bristolbay )
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Figure 1-2. The number of vessels and units of gear used to prosecute the Pacific salmon fishery in Bristol 
Bay, 1975-2015. The vertical line denotes the implementation of the dual permit regulation in 2004.

Between 2004 and 2015, vessels with dual permit operations have harvested between 55.0% and 

81.3% on average each year more than single permit vessels (Figure 1-3).

Figure 1-3. Average harvest of commercial catch by vessel for both single permit operations and dual 
permit operations in the Bristol Bay Pacific salmon drift gillnet fishery, 1975-2015.

Figure 1-4 illustrates the time trend of new entrants into the Bristol Bay drift gillnet fishery, 

where new entrants are defined as permit holders who make a landing for the first time they hold a 
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permanent permit. Counts of new entrants exclude original permit holders who had an established fishing 

history prior to the implementation of the LEP program and include both permit holders who participated 

in dual permit operations as well as those who engaged in single permit operations since program 

implementation in 2004. From the early 1980s through the early 2000s, the rate of new entrants roughly 

paralleled trends in the ex-vessel value of Pacific salmon. The number of new entrants surged in the late 

1970s and remained high until exvessel prices began to decline in the mid-1980s in response to rapid 

increases in the global production of farmed salmon (Anderson 1985, Herrmann et al. 1993, Williams et 

al. 2009). Counts of new entrants increased substantially following the implementation of dual permit 

regulations in 2004 (Figure 1-4).

Figure 1-4. Counts of Bristol Bay Pacific salmon drift gillnet permit holders who made a landing for the 
first time in any given year, for participants in both single and dual permit operations, 1975-2015. The 
vertical line denotes the implementation of the dual permit regulation in 2004.

The apparent success of the dual permit program evident in Figure 1-4 masks variation in the 

extent to which local, nonlocal, and nonresident fishermen have taken advantage of the opportunity to 

engage in dual permit operations. Table 1-1 subdivides the information presented in Figure 1-4 according 

to residency category (local, nonlocal, and nonresident). While the data in Table 1-1 suggest that the dual 

permit program has attracted new entrants as intended, in nearly every year, the percentage of new
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entrants is lower (often much lower) for local new entrants than for new entrants who are nonlocal or 

nonresident (Table 1-2). Overall, the rate of new entrants for locals is approximately half the rate of new 

entrants for nonlocal or nonresident permit holders.

1975-2015.
Table 1-1. Counts of new entrants by residency type in the Bristol Bay Pacific salmon drift gillnet fishery,

Year Local Nonlocal Nonresident Year Local Nonlocal Nonresident
1975 5 4 31 1996 16 31 44
1976 10 12 83 1997 10 20 39
1977 26 21 79 1998 9 22 58
1978 47 44 78 1999 21 20 34
1979 34 71 77 2000 17 23 30
1980 29 53 58 2001 15 27 35
1981 23 46 60 2002 11 7 25
1982 35 44 70 2003 16 28 43
1983 27 56 67 2004 10 30 59
1984 24 41 61 2005 25 51 85
1985 18 39 51 2006 15 32 63
1986 19 46 53 2007 21 61 108
1987 13 38 44 2008 12 41 69
1988 15 36 55 2009 9 30 87
1989 24 31 34 2010 17 39 98
1990 13 27 35 2011 8 44 86
1991 8 26 49 2012 12 40 68
1992 13 13 57 2013 8 34 62
1993 10 38 39 2014 21 46 61
1994 18 29 44 2015 12 28 49
1995 13 41 55

22



Table 1-2. New entrants as percentages of total permits by residency type in the Bristol Bay Pacific 
salmon drift gillnet fishery, 1975-2015.

Local Nonlocal Nonresident Local Nonlocal Nonresident
1975 1.3% 2.2% 6.0% 1996 4.2% 7.4% 5.1%
1976 2.2% 5.7% 13.8% 1997 2.7% 4.8% 4.5%
1977 5.5% 9.5% 13.4% 1998 2.4% 5.4% 6.7%
1978 8.7% 15.9% 11.7% 1999 5.6% 5.1% 3.9%
1979 6.2% 21.3% 10.7% 2000 4.5% 5.9% 3.5%
1980 5.2% 15.8% 7.9% 2001 4.5% 7.8% 4.8%
1981 4.2% 12.8% 8.2% 2002 4.2% 2.9% 4.4%
1982 6.6% 11.5% 9.6% 2003 5.2% 9.3% 6.4%
1983 5.1% 13.5% 9.2% 2004 3.2% 8.8% 8.1%
1984 4.4% 10.2% 8.2% 2005 7.5% 14.1% 10.6%
1985 3.5% 9.4% 6.9% 2006 4.7% 8.8% 7.9%
1986 3.7% 10.8% 7.1% 2007 6.4% 15.3% 12.0%
1987 2.6% 8.9% 5.9% 2008 3.7% 10.0% 7.9%
1988 3.1% 8.4% 7.1% 2009 3.1% 7.5% 9.5%
1989 4.9% 7.4% 4.2% 2010 5.4% 9.2% 10.2%
1990 2.7% 6.2% 4.4% 2011 2.6% 10.1% 8.8%
1991 1.8% 6.1% 6.1% 2012 4.0% 9.3% 6.9%
1992 2.9% 3.1% 6.8% 2013 2.9% 7.7% 6.4%
1993 2.4% 9.2% 4.6% 2014 7.2% 10.1% 6.3%
1994 4.5% 7.2% 5.2% 2015 4.3% 6.4% 5.0%
1995 3.4% 9.5% 6.3% 1975-2015 4.4% 9.2% 7.1%

Delving further into the composition of new entrants, it is evident (Figure 1-5) that 

implementation of the dual permit regulations has mainly benefited nonlocals and nonresidents. These 

apparent trends are further explored, below.

Figure 1-5. The proportion of new entrants in the Bristol Bay Pacific salmon drift gillnet fishery by 
residency type, 1975-2015.
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Sorting out the effects of dual permit regulations on the rate of new entrants to the fishery and 

local holding of permits is complicated by other changes that have occurred since 2004. For example, in 

recent years, the Bristol Bay Economic Development Corporation, a nonprofit entity, has offered 

subsidized loans to local residents to be used for vessel upgrades and purchases of vessels and LEPs. In 

addition, the ex-vessel price of Sockeye Salmon has fluctuated as market conditions have varied, and loan 

programs offered by the State of Alaska have changed to accommodate increased permit values. The 

variations in ex-vessel prices, catch, and the outlook for price and catch affect permit prices, and thus 

permit prices have varied over time (Karpoff 1984a, Karpoff 1984b, Huppert et al. 1996, Newell et al. 

2007). With the passage of dual permit regulations, the cost for an individual to enter the fishery 

decreased because they may avoid the cost of purchasing or leasing a vessel and because they can share 

operating costs with their dual permit partner. Reductions in entry costs increase the number of 

individuals interested in entering the fishery, which leads to increased demand for permits and upward 

pressure permit prices.

Between 1975 and 2015, the median age of Bristol Bay drift gillnet permit holders increased from 

44 to 52 years (Figure 1-6). A similar “graying of the fleet” has been observed in other Alaskan fisheries 

sparking social and political concerns (Donkersloot and Carothers 2016). However, while the average age 

of commercial fishing permit holders is increasing, so too is the average age of Alaska and U.S. residents. 

Assessment of the effect of dual permit regulation on permit holder age has to be parsed from underlying 

demographic trends.
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Figure 1-6. The median age of Bristol Bay Pacific salmon drift gillnet permit holders, 1975 to 2015. The 
vertical line denotes the implementation of the dual permit regulation in 2004.

Methods

This research uses regression analysis based on a mix of public and confidential government data 

to explore the effects of the Bristol Bay Pacific salmon drift gillnet dual-permit program on new entrants, 

the distribution of permits among residency classes, and earnings. Three models were developed to 

explore different aspects of the effect of the dual permit program on the number of new entrants, the 

average age of permit holders, and the effect on permit holders' earnings.

Effect of dual permits on new entrants

The first model (equation 1) was designed to determine if the implementation of the Bristol Bay 

drift gillnet dual-permit program is associated with a statistically significant change in the number of new 

entrants. Equation (1) is structured to separately account for changes in the number of new entrants who 

purchased their LEP (Sale) and changes in the number of new entrants who received their LEP as a gift or 

through barter, etc., (Nonsale):
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The stacked vector of dependent variables in this two-equation system includes time series observations 

of the number of permits transferred either through a sale or non-sale transaction for each year for LEP 

holders who, that year, enter the fishery for the first time. The matrix of explanatory variables includes 

time series observations of the estimated real permit value (rPV) in dollars, the percentage of LEPs used 

in dual permit operations (DR), and the number of permanent permits available for transfer (Perm). A 

ratio of unemployment rates in the Bristol Bay region and Anchorage (UR) was included to represent the 

relative economic disadvantage of residing in the Bristol Bay region. It is assumed that the error vectors,

ε1 and ε2 , are distributed N (0,σ2ε1) and N(0, σ2ε2) , respectively. However, because the two equations 

are elements of a system, the error vectors may be correlated. Hence, ordinary least squares is unlikely to 

yield minimum variance unbiased estimates of the coefficients. Where the equations to be estimated share 

explanatory variables and do not include contemporaneous or lagged values of the dependent variables as 

explanatory variables, Zellner (1962) showed that efficient coefficient estimates can be obtained using the 

seemingly unrelated regression (SUR) estimator. Candidate explanatory variables considered but not 

included in the final model were time-series observations of the mean average number of years holding a 

permit, counts of permit holdings by residency type, and the number of emergency transfers. The final 

selection of variables to retain in the model was based on the exclusion of collinear variables as indicated 

by linear correlation coefficients with absolute values greater than 0.9 and where excluding those 

variables did not result in significant loss of model fit as determined by an F-test and using 5% 

significance level cutoff. Based on these criteria, the average length of time permit holders have held their 

permit, and the number of permits held under emergency transfer provisions were excluded from the 

model.

Effect of dual permits on permit holder age

The second model (equation 2) was structured to determine whether the implementation of the 

dual-permit program has affected the average age of new entrants in each of the three residency
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categories. Equation (2) comprises a system of three simultaneous equations with a common set of 

explanatory variables:

The stacked vector of dependent variables in this equation system consists of time series observations of 

the median ages of local (Agel), nonlocal (Agenl), and nonresident (Agenr) LEP holders. As with equation

(1), it was assumed that the error vectors, υi, are distributed N (0,σ2υ1 ) and that they may be correlated

across equations; equation (2) was estimated using SUR. The matrix of explanatory variables includes 

time series observations of: the total count of dual permit operations (ND), the number of permanent 

permit transfers (NTrans), and the median age of all Alaskan residents between the age of 16 and 65 

(AgeAK). Other explanatory variables examined but not retained in the final model were time-series 

observations of: the number of Bristol Bay LEPs (Permits), the total real ex-vessel value of the fishery, 

the mean average real ex-vessel value per participant in the fishery (MeanValue), the number of intent to 

transfer requests filed, the median years an LEP has been held (YearsHeld), the number of people who 

made landings in the fishery (People), and the number of latent permits in the fishery (LatentN). The final 

selection of variables to retain in the model was based on the exclusion of collinear variables as indicated 

by linear correlation coefficients with absolute values greater than 0.9and where dropping those variables 

did not result in significant loss of model fit as determined by a model-comparison F-test at a 5% 

significance level cutoff.

Effect of dual permits on earnings

Equation (3) was designed to compare earnings between dual permit and single permit operations 

and across residency categories:
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In equation (3), VRit is a vector of time series observations of real ex-vessel revenues by vessel i in year t.

(0,σ2η)The error vector for this equation, ηt, is assumed to be distributed N , so this equation is suitable

for estimation using the single-equation ordinary least squares estimator. Because there were many 

candidate variables to consider for this equation and because with over 65,000 observations available, 

even variables that made trivial contributions to model fit could be deemed statistically significant, we 

approached model specification based on a trade-off between goodness-of-fit and parsimony by using an 

Akaike Information Criterion (AIC) based model selection algorithm implemented in SAS (= adjrsq aic 

option in Proc Reg). The algorithm considers every combination of a set of candidate variables and 

selects among the combinations based on the AIC. Explanatory variables ultimately retained in the model 

include: average daily catch in whole pounds (AveDaily), the average real price of Sockeye Salmon 

(redp), the number of districts the vessel landed fish in each season (DistrictsFished), a categorical 

variable to indicate whether the vessel was used in a dual permit operation (dual), vessel horsepower 

(HP), categorical variables to represent the residency of the LEP holder operating the vessel (residency), 

and an interaction between the dual and nonlocal residency categories (NLD). Other variables considered 

but not retained in the final model were annual estimates of the total real ex-vessel value for the Bristol 

Bay drift gillnet fishery, annual counts of the number of days each vessel made landings, commercial 

harvest of the vessel, annual global production of farmed salmon, the amount of Sockeye Salmon 

harvested in other Alaskan commercial fisheries, mean statewide real ex-vessel prices for Alaskan 

landings of Chinook Salmon O. tshawytscha, Coho Salmon O. kisutch, Pink Salmon O. gorbuscha, Chum 

Salmon O. keta, and an aggregate of all other fish commercially harvested with salmon permits. One of 

the residency variables (nonlocal) was included in the final specification of Equation 3 because of its 

social importance, even though doing so resulted in a slight increase in the AIC.
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Data

This project used publicly available demographic, economic, and employment data and 

confidential records included in the CFEC permit and gross earnings data files and the ADF&G fish ticket 

database and district registration tables. Access to the confidential data was conditioned on a signed 

agreement that prohibits the dissemination of the data and requires that the results be aggregated to 

protect the confidentiality of individual records. Data sources accessed, and data fields used in the 

analyses are outlined below. Permission to access the confidential data may be requested from CFEC or 

ADF&G.

CFEC Permit File

The CFEC permit file contains data on persons who hold or have held CFEC permits and dates 

when those permits were acquired or transferred. It originates from CFEC permit renewal and permit 

transfer forms. The permit file contains a data field indicating the declared residency of permit holders as 

well as their addresses. Using permit holder declared addresses, along with the CFEC Census file, each 

permit holder's resident status is separated into one of six resident types. Because some permit holders 

will renew multiple permits and their address can change during a calendar year, the last address they 

provided for the year was selected. Permit holders are required to complete transfer surveys whenever 

they transfer a limited entry permit. Respondents report the nature of the transfer (gift, trade, sale, or 

other) and where the transfer was a sale, the transaction price. Transfer data in the CFEC permit file 

contains some confidential information such as birthdates, transfer methods, and social security numbers 

that are used to match data.

CFEC Census File

CFEC maintains a computer file of places within Alaska where permit holders reside. 

Communities in Alaska are annotated with information on their local or nonlocal status by permit fishery. 

The file indicates the places that are currently designated as local to each of the management areas in this 
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report, as well as urban and rural communities as per the 2010 U.S. Census Bureau designation. The 37 

communities currently designated as local to the Bristol Bay Pacific salmon fisheries are listed in Table 

A1. Data in the CFEC census file are not confidential.

CFEC Gross Earnings File

The CFEC gross earnings file is based on ADF&G fish tickets and is augmented with CFEC 

permit holder and other data. The estimated ex-vessel value for commercially landed fish in the CFEC 

gross earnings file mostly comes from the Commercial Operators Annual Report and ADF&G fish tickets 

with some additional information provided by processors. For this study, prices and earnings were 

adjusted for inflation using the 2015 Consumer Price Index from the U.S. Bureau of Labor Statistics. The 

gross earnings file also includes ADF&G vessel numbers, LEP permit numbers, and information on 

permit holders, which were used to merge these data with data included in other files. Data in the 

ADF&G fish ticket and Commercial Operators Annual Reports are confidential; thus, data in the CFEC 

gross earning file are confidential.

CFEC Vessel File

The CFEC vessel file includes information on vessel characteristics such as vessel value, hold 

capacity, horsepower, and vessel length. All of this information is self-reported each year by CFEC 

permit holders. Data in the CFEC vessel file are not confidential.

ADF&G Bristol Bay Vessel Registration Data

During the peak-fishing season, Bristol Bay drift gillnet permit holders must preregister for the 

fishing district they intend to fish (Figure 1-7). Those fishing as a dual permit operation are required to 

register under both LEPs. Registration data was used to determine which permits were used in dual permit 

operations for what dates. Because registration requirements do not include dates that fully encompass the
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entire fishing season in Bristol Bay, counts of dual permit operations may not be complete in every 

instance. ADF&G vessel registration data are not confidential.

Figure 1-7. Bristol Bay commercial fishing districts for Pacific salmon. 
Source: ADF&G

Additional Data

The analyses used Alaska Department of Labor time series observations of unemployment and 

demographic data. A ratio of the unemployment rates in Dillingham and Anchorage was computed for 

each year to represent conditions that might lead to different patterns in permit transfers and disposition to 

participate in a dual-permit operation. Counts of human age cohorts were provided for every year from 

1980 through 2015; the median age of all Alaskans age 16 to 65 was tabulated by year from this dataset 

(Figure 1-8). The total amount of farmed salmon production was queried using the FishStatJ database 

from the United Nations Food and Agriculture Organization.
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Figure 1-8. The median age of Bristol Bay Pacific salmon drift gillnet permit holders by residency type, 
1975-2015. The vertical line denotes the implementation of dual permit regulations in 2004.

Results

Effect of dual permits on new entrants

The first model (equation 1) was structured to examine changes in the counts of new entrants into 

the Bristol Bay Pacific salmon drift gillnet fishery, both for sale (Sale) and non-sale (Nonsale) 

transactions, taking into consideration the real permit value (rPV), the ratio of dual permit operations 

(DR), the count of permanent permits (Perm), and a ratio of unemployment rates between Bristol Bay and 

Anchorage (UR). Data used for coefficient estimation are listed in Table A2; coefficient estimates and 

model performance statistics are reported in Table 3.
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Table 1-3. Coefficient estimates, corresponding p-values (in parentheses below each coefficient estimate),
and goodness-of-fit statistics for equation (1) representing changes in counts of new entrants into the
Bristol Bay Pacific salmon drift gillnet fishery.

System weighted R2 = 0.544; degrees of freedom = 62.

Sale Transactions Non-sale Transactions

Intercept 746.94 319.56
(< 0.01) (< 0.01)

Real Permit Value (rPV) -1.60E-04
(1.00E-04)

-9.70E-06
(0.65)

Dual Rate (DR) 78.16
(6.00E-04)

72.46 
(< 0.01)

Permanent Permits (Perm) -0.34
(2.00E-04)

-0.16
(< 0.01)

Unemployment Ratio (UR)
-21.39
(0.01)

3.69
(0.453)

The model accounted for over 54% of the observed variation in sale and non-sale transactions. 

Except for the coefficient on the unemployment ratio in the non-sale transactions equation and the 

coefficient on real permit value in the non-sale equation, each of the estimated coefficients was 

significantly different from zero at a 1% level. Moreover, although the magnitude of the coefficient 

estimates differed between the sale and non-sale equations, except for the coefficients on the 

unemployment ratio, their directional influence matched. In each instance, the estimated influence of each 

explanatory variable was more pronounced in the sales equation than in the non-sales equation.

The number of new entrants was inversely related to real permit values. That is, as the permit value 

increases, the number of new entrants declines. The model suggests that the increase in dual permit 

operations has resulted in increased entry through sale and non-sale transactions. The model indicates that 

increases in the number of permanent permits available for transfer corresponded with reduced entry; 

however, this could be a result of permits transferring hands at a higher rate when the majority of permits 

were initially issued in the 1970s. The influence on new entrants of variations in the ratio of 

unemployment in the Bristol Bay region and Anchorage differs for sale and non-sale transactions. We had 

anticipated that increases in unemployment rates in Bristol Bay relative to Anchorage might lead to 

increases in the numbers of LEPs offered for sale; the estimated results suggest the opposite. While the 

influence of the unemployment ratio matched our prior expectations for non-sale transfers, the effect was 

not statistically significant.
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Effect of dual permits on permit holder age

Evidence of the effect of the dual-permit program on the average age of new entrants into the 

Bristol Bay Pacific salmon drift gillnet fishery is explored in the second model (equation 2). Data used for 

coefficient estimation are listed in Table A3. Table 1-4 presents the corresponding coefficient estimates 

and model performance statistics for this three-equation model.

Table 1-4. Coefficient estimates, corresponding p-values (in parentheses), and goodness-of-fit statistics 
for equation (2) representing changes in the median age of local, nonlocal, and nonresident new entrants
into the Bristol Bay Pacific salmon drift gillnet fishery.

Local Nonlocal Nonresident

Intercept -8.50 -8.16
(0.01) (0.03)

16.18
(< 0.01)

Number of Dual permit operations (NDt) 2.02E-03 -2.68E-03
(0.01) (0.01)

4.58E-04
(0.63)

Number of permit transfers (NTranst) -8.04E-03 1.32E-02
(0.03) (< 0.01)

5.31E-03
(0.22)

Median age of Alaska residents (AgeAK,t) 1.19 1.12
(< 0.01) (< 0.01)

0.66
(< 0.01)

Equation (2) accounted for over 96% of the observed variation in the average age of new local, 

nonlocal, and nonresident entrants to the Bristol Bay Pacific salmon fishery. Results suggest that 

implementation of dual-permit regulations coincided with a slight increase in the average age of new 

entrants from the Bristol Bay area and a decrease in the average age of new entrants from elsewhere in 

Alaska; the estimated increase in the average age of nonresident permit holders is not statistically 

significant. Statistically significant decreases in the average age of local new entrants were associated 

with increases in the number of transfers of permanent permits. In contrast, statistically significant 

increases in the average age of local new entrants were associated with increases in the median age of 

Alaska residents. Small, but statistically significant increases in the average age of nonlocal new entrants 

were associated with increases in the number of transfers of permanent permits and increases in the 

median age of Alaska residents. Changes in transfers of permanent permits did not have a statistically 

significant influence on the average age of nonresident new entrants. However, a statistically significant 
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increase in the average age of nonresident new entrants was associated with increases in the median age 

of Alaska residents.

Effect of dual permits on earnings

The third model (equation 3) examines variation in real ex-vessel revenues by vessel (VRit).

Coefficient estimates and goodness-of-fit statistics for equation (3) are reported in Table 1-5.

Table 1-5. Coefficient estimates, corresponding p-values, and goodness-of-fit statistics for equation (3) 
representing changes in exvessel revenues per vessel in the Bristol Bay Pacific salmon drift gillnet 
fishery.

Estimate p-value
Intercept -109,835 < 0.01
Average daily catch (AveDailyit) 25.06 < 0.01
Real Bristol Bay sockeye salmon price (redpt) 55,091 < 0.01
Number of districts fished by vessel (DistrictsFishedit) 24,174 < 0.01
Categorical variable to indicate dual-permit operations (dualit) 7,299.41 < 0.01
Vessel horsepower (HPit) 9.81 < 0.01
Categorical variable to differentiate between local and nonlocal residency 

categories (nonlocali) 1,571.28 < 0.01

Categorical variable to differentiate between local and nonresident residency 
categories (nonresidenti)

6,573.57 < 0.01

Interaction between dual and nonlocal categorical variables (NLDt) -9,375.30 < 0.01

Total earnings per vessel can be expressed as a function of many explanatory variables, all of 

which were found to be significant due, in part, to a large number of observations (66,108) available. As 

would be expected, total earnings per vessel increased as average daily catch increased ($25.06 increase 

in total earnings per vessel for each one-pound increase in average daily catch). Total earnings per vessel 

also increased in response to increases in the ex-vessel real price of sockeye salmon ($55,091 increase in 

total earnings per vessel for every one-dollar increase in exvessel price). On average, vessels that fished in 

more districts earned more than those that fished in fewer districts ($24,174 increase in total earnings per 

vessel for every additional district fished). After accounting for other sources of variation, dual permit 

operations earned an average of about $7,300 per year more than single permit operations. The model 
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suggests that, on average, nonlocal permit holders earn less ($1,571 - $9,375 = $7,804) than local permit 

holders, while nonresident permit holders earn about $6,574 more than local permit holders.

The coefficients reported in Table 1-5 can be used to explore the role of financial forces that contribute to 

the decline of local permit holdings. Because transferable LEPs can be held by any individual, the market 

does not differentiate between permits offered for sale by local, nonlocal, or nonresident permit holders. 

Instead, permit prices reflect the present value of expected future net revenues (Huppert et al. 1996, 

Newell et al. 2007). Thus, differences in conditional estimates of average earnings per vessel provide 

important insight into financial forces that influence the flow of permits between local, nonlocal, and 

nonresident permit holders. Table 1-6 presents estimates of expected earnings per vessel conditioned on 

values for each non-categorical explanatory variable in equation (3) being set to equal to its 2011-2015 

mean across residency and operation categories. In contrast, the values in Table 1-7 represent estimates of 

expected earnings per vessel conditioned on values for each non-categorical explanatory variable being 

set to equal to the 2011-2015 mean for that category, e.g., mean whole pounds landed by a vessel owned 

by a local permit holder engaged in a single permit operation.

Table 1-6. Estimated average earnings per vessel ($US 2015) for single-permit and dual-permit operations 
by residency category when each non-categorical variable in equation (3) is set to the corresponding mean 
for 2011-2015.

Single Permit Dual Permit Percent Increase
Local $82,708 $90,008 8.8%
Nonlocal $84,280 $83,775 -0.6%
Nonresident $89,281 $96,580 8.2%

Table 1-7. Estimated average earnings per vessel ($US 2015) for single-permit and dual-permit operations 
by residency category when each non-categorical variable in equation (3) is set to the corresponding mean 
for 2011-2015 for that residency category.

Single Permit Dual Permit Percent Increase
Local $51,064 $58,363 14.3%
Nonlocal $86,410 $85,905 -0.6%
Nonresident $90,939 $104,811 15.3%
All Permits $82,708 $90,008 8.8%

Expected earnings are lowest for local permit holders and highest for nonresident permit holders 

for single permit operations and dual permit operations. In addition, expected earnings are higher for dual
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permit operations than for single permit operations across residency categories, with proportional benefits

of operating as a dual permit operation being highest for local permit holders in Table 1-6, yet highest for

nonresident permit holders in Table 1-7.

Discussion

Dual permit regulations were introduced to encourage new entrants into the fishery and to reduce 

or reverse the net transfer of permits away from local residents. The results suggest that dual permit 

regulations do indeed encourage new, younger commercial fishers to enter the Bristol Bay fishery. 

However, this effect is strongest for nonresidents and weakest for local residents, and even with the 

addition of new entrants, the average age of Bristol Bay drift gillnet permit holders continues to increase.

Only slightly more new entrants were brought in on purchased permits (see Table 1-3) compared 

to permits that were gifted. Some permit holders have the option to acquire loans for their permits through 

the Alaska Commercial Fishing and Agriculture Bank and the Alaska Department of Commerce, 

Community and Economic Development. However, these programs are only open to Alaska residents. 

Furthermore, individuals local to the Bristol Bay watershed can apply for a loan from the Bristol Bay 

Economic Development Corporation. All else being equal, nonresident permit holders have fewer 

opportunities for access to capital through these programs than Alaska residents.

New entrants in the fishery could include crewmembers that received a permit to increase the 

amount of gear for the operation, but would not have otherwise obtained a permit. For this analysis, only 

permit holders who held permanent permits were counted; landings made with permits held on a 

temporary basis through emergency transfer were excluded. While there may be instances where a 

crewmember held a permanently transferred permit on behalf of a captain, such arrangements are illegal 

and are unlikely to be reported on transfer surveys submitted to the CFEC.

Oral testimony during Board of Fisheries consideration of dual permit regulations recounts that 

families who were already fishing together before the implementation of the dual permit regulations now 

benefit from being able to fish their permits using fewer boats with added permits held by young family
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members who are thereby able to gain experience and catch history even before they skipper their own 

boat. Similarly, testimony indicates that some parents have purchased permits for their children to ensure 

that they would have a place on a boat of an experienced permit holder. In these instances, fishing with a 

new, inexperienced permit holder allows the experienced captain to fish a longer net in exchange for 

providing the new entrant with experience fishing that they otherwise might not be able to acquire. That 

is, permits purchased on behalf of young new entrants can be used to secure apprenticeship opportunities. 

Between 1980 and 2003, the median age of local, nonlocal, and nonresident permit holders increased— 

the fleet greyed by 6.5 years (Figure 1-8). After dual permit regulations went into effect, the median age 

of local and nonresident permit holders continued to increase as fast or even faster than before the 

regulation was implemented (Figure 1-8). However, since 2004, the median age of nonlocal permit 

holders has decreased by three years, an outcome which is consistent with the anecdotes mentioned above 

(Figure 1-8; Table A3).

Several candidate models were considered for characterizing variations over time in the median 

age of local, nonlocal, and nonresident LEP holders (equation 2; Table A4). The candidate model with the 

lowest AIC included only the median age of Alaskan residents between the age of 16 and 65. That is, the 

simplest explanation for graying of the Bristol Bay Pacific salmon drift gillnet fleet is that Alaska's 

working population is aging. If the aging of Alaska's workforce is the proximate reason for the graying of 

this fleet, policy measures intended to address the graying of the fleet may be more effective in 

combination with policies that encourage rejuvenation of Alaska's workforce.

Average earnings for dual permit operations are significantly higher than those of single permit 

operations. While the earnings of dual permit operations continue to be higher than single permit 

operations, the majority of vessels do not fish with a second permit. Individuals who choose to join in a 

dual permit operation have to be willing to risk the possibility that their harvest using 200 fathoms of gear 

will be less than the average harvest obtainable through independently fishing two standard (150 fathom) 

units of gear. However, some of those foregone revenues costs are offset by cost savings from owning 

and operating one vessel rather than two.
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In addition to statistically different values for dual and single permit operations, there were found 

to be significant differences in estimated total ex-vessel value across residency categories. Review of 

confidential information reveals that the highliners include permit holders among all residency categories; 

however, the overall average earnings among local permit holders are below those of nonlocal permit 

holders, both of which are below the average for nonresident permit holders. This could be a result of the 

different opportunity costs that members of each residency categories face. Of note, between 1980 and 

2017, 63.9% of permit transfers to local permit holders were gifts, and only 26.5% were purchases; 

nonlocals and nonresidents received, respectively, 32.6% and 31.2% of their permits as gifts and 55.7% 

and 55.4% of the transfers were permit purchases.
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Table A1. Communities local to the Bristol Bay Pacific salmon fisheries, as indicated in the CFEC census
file

Appendix

Aleknagik Igiugig Kvichak Nunachuak South Naknek
Cape Newenham Igushik Levelock Nushagak Togiak
Clarks Point Iliamna Manokotak Pedro Bay Twin Hills
Dillingham Kashiagamiut Nakeen Pilot Point Ugashik
Egegik King Salmon Naknek Pope-Vannoy Ldg Ungalikthluk
Ekuk Koggiung New Stuyahok Port Alsworth
Ekwok Kokhanok Newhalen Port Heiden
Hallersville Koliganek Nondalton Portage Creek

Table A2. Data for equation (1).

Year Buy Non Sale
Real Permit 

Value Dual Rate Permanent
Unemployment

Ratio
1980 81 73 $256,672 0.0% 1,717 1.68
1981 92 43 $205,756 0.0% 1,720 1.57
1982 117 43 $235,632 0.0% 1,724 1.72
1983 98 42 $235,406 0.0% 1,727 1.34
1984 88 45 $266,684 0.0% 1,729 1.24
1985 83 28 $259,888 0.0% 1,738 1.10
1986 98 28 $269,466 0.0% 1,743 1.05
1987 77 29 $271,520 0.0% 1,746 1.20
1988 77 25 $347,423 0.0% 1,749 1.20
1989 53 40 $475,567 0.0% 1,776 0.92
1990 57 34 $391,764 0.0% 1,785 0.79
1991 55 19 $361,616 0.0% 1,793 0.77
1992 65 36 $326,046 0.0% 1,797 0.79
1993 68 26 $327,395 0.0% 1,805 0.99
1994 72 31 $265,005 0.0% 1,810 1.12
1995 85 25 $303,270 0.0% 1,813 1.22
1996 66 31 $259,525 0.0% 1,821 1.34
1997 64 16 $227,123 0.0% 1,832 1.43
1998 69 32 $144,682 0.0% 1,844 1.93
1999 47 33 $127,614 0.0% 1,850 2.02
2000 66 22 $110,801 0.0% 1,858 1.26
2001 73 22 $46,440 0.0% 1,861 1.10
2002 82 9 $25,955 0.0% 1,863 1.16
2003 106 28 $37,742 0.0% 1,861 0.98
2004 80 37 $46,425 19.0% 1,857 1.07
2005 144 50 $62,137 27.4% 1,859 1.07
2006 96 36 $88,176 23.9% 1,859 1.02
2007 151 60 $90,764 36.2% 1,861 0.92
2008 91 45 $98,857 36.7% 1,863 0.89
2009 101 51 $86,505 40.6% 1,863 0.72
2010 127 57 $110,978 45.4% 1,863 1.48
2011 95 52 $151,627 41.7% 1,862 1.49
2012 86 51 $114,382 41.7% 1,862 1.82
2013 92 35 $102,150 40.5% 1,862 1.70
2014 84 64 $149,677 39.2% 1,863 1.54
2015 58 38 $148,200 38.4% 1,864 1.85
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Table A3. Data for equation (2)

Year

Median age of 
local permit 

holders

Median age of 
nonlocal permit 

holders

Median age of 
nonresident permit 

holders

Number of 
Dual permit 
operations

Number of 
permit 

transfers
Median age of 

Alaska residents
1980 40 41 45 0 169 42
1981 40 40.5 45 0 168 42
1982 39.5 41 44 0 183 42
1983 40 40 44 0 160 41
1984 40 40 43 0 153 42
1985 40 40 43.5 0 138 42
1986 40 40 44 0 155 42
1987 41 40 44 0 129 42
1988 42 40 45 0 126 42
1989 41 41 45 0 116 43
1990 42 42 45 0 107 43
1991 42.5 42 45 0 102 43
1992 42 43 45 0 128 44
1993 43 43 45 0 116 44
1994 44 43 45 0 134 44
1995 44 43 45 0 144 44
1996 44 44 45 0 117 45
1997 45 45 46 0 106 45
1998 45 45 46 0 137 46
1999 46 46 47 0 105 46
2000 47 46 47 0 125 47
2001 47 47 48 0 149 47
2002 47.5 48 49 0 165 48
2003 48 48 49 0 182 48.5
2004 49 48 49 293 145 49
2005 49 48 50 456 229 49
2006 49 49 50 398 172 50
2007 49 48 50 654 239 49
2008 50 48 50 662 162 49
2009 51 49 50 734 195 50
2010 51 49 50 880 212 50
2011 51.5 50 50 808 182 50
2012 52 50 51 798 167 51
2013 53 49 51 759 167 51
2014 53 48 51 747 186 51
2015 54 46 52 723 122 52
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Table A4. Model specification (selection of variables to retain in the final model) for equation (2). Models
representing local, nonlocal, and nonresident permittees are denoted L, NL, and NR, respectively.
Coefficient estimates and goodness-of-fit statistics for each candidate model are included.

Intercept AgeAK ND NTrans Permits LatentN YearsHeld People MeanValue
equation 2a: R2 = 0.97, AIC = 13.25

L -3.31 0.74** 0.01** -0.01* 0.03* 0.03** 0.16** -0.02* 1.6E-06
NL -8.93 0.86** -3.5E-03 0.01 -0.01 -0.01 -0.04 0.02 -3.6E-06
NR 17.00** 0.73** 1.2E-03 -4.2E-03 -4.4E-04 2.9E-03 -0.17** -7.0E-04 2.7E-06

equation 2b:R2 = 0.97, AIC = 9.98
L -17.18 1.03** 3.8E-03** -0.01* 0.01** 0.01*
NL -7.6 0.71** 1.7E-03 0.01 0.01** 0.01**
NR 34.67 0.54** 1.6E-03 -2.6E-03 -0.01** -2.8E-03

equation 2c: R2 = 0.96, AIC = 5.25
L -8.50** 1.19** 2.0E-03* -0.01*
NL -8.16* 1.12** -2.7E-03** 0.01**
NR 16.18 0.66** 4.6E-04 0.01

equation 2d: R2 = 0.96, AIC = 3.84
L -10.93** 1.22** 1.3E-03
NL -4.18 1.07** -1.6E-03
NR 17.77** 0.64** 9.1E-04

equation 2e: R2 = 0.96, AIC = 2.61
L -15.49 1.33**
NL 1.14 0.95**
NR 14.69 0.71**

are values that are statistically significant at 5%.
* are values that are statistically significant at 1%.
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Chapter 2 . The Persistence of Heterogeneity in the Bristol Bay Pacific 

Salmon Drift Gillnet Fishery3

3 Gho M, KR Criddle. The persistence of heterogeneity in the Bristol Bay Pacific Salmon drift gillnet fishery. (in 
preparation)

Abstract

In 1975, the State of Alaska limited entry in the Bristol Bay Pacific salmon drift gillnet fishery. 

From that time, eligibility to participate in the fishery has been restricted to initial permit recipients or 

those to whom they gave or sold their permits. When entry was limited, the commercial fishing fleet 

included a mix of vessels up to the long-established 32-foot maximum length. The race-for-fish that so 

often arises under license limitation favors the adoption of vessel and gear configurations that maximize 

catch-per-day and could be anticipated to lead to increased homogeneity in fleet composition. Yet, 

Herfindahl-Hirschman Indices computed for vessel length, and vessel value indicate that, after over four 

decades, the composition of this fleet remains heterogeneous. Multivariate analysis of time series 

observations of vessel values indicates that vessels captained by permit holders who were given their 

permit are less capitalized than vessels captained by permit holders who purchased their permit. Likewise, 

vessels operated by local-resident permit holders are less capitalized than vessels owned by nonlocal 

Alaskan or nonresident permit holders. In addition, vessels operated by older permit holders are less 

capitalized than vessels operated by younger permit holders.
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Introduction

When entry into the Bristol Bay Pacific salmon drift gillnet fishery was limited in 1975, the 

commercial fishing fleet included a mix of vessels up to 32 feet long, the maximum established in 1951 

when motorized vessels were first authorized in the fishery. In 1978, the first year for which data are 

available, 7.9% of the vessels used by limited entry permit (LEP) holders were less than 24 feet, 18.7% 

were 24 feet to less than 28 feet long, 23.1% were 28 feet to less than 32 feet long, and 50.3% were 32 

feet long (CFEC vessel data file). While the number of vessels used by permit holders in the two smallest 

size classes has since diminished and the number of 32-foot vessels has increased, the fraction of permits 

fished on vessels in the third size class has surprisingly remained nearly constant (Figure 2-1). Moreover, 

the modest length difference between vessels in the two largest size classes fails to capture substantial 

differences in their fishing power and value. The persistence of heterogeneity in size and capitalized value 

of vessels used by Bristol Bay drift gillnet permit holders is anomalous. In limited entry fisheries, the 

race-for-fish favors fishermen who adopt technologies that maximize catch during open fishing periods 

(Wilen 1988). The 32-foot vessels used in the Bristol Bay drift gillnet fishery are usually more powerful, 

beamier, and have greater hold capacity than vessels that are under 32 feet. The additional hold capacity 

allows the larger vessels to spend more time fishing and less time delivering their catch; their greater size 

and engine power help their operators jockey for preferred fishing locations, and their additional space 

allows a larger crew. The incentive for capital stuffing rather than the adoption of cost-minimizing 

technologies is a well-documented pathology of limited entry systems (see, e.g., Turvey 1964, Sinclair 

1978, Pearse and Wilen 1979, Rettig 1984, Wilen 1988). This individually-rational but collectively- 

irrational predisposition to invest in ever more costly vessels is also widely recognized by fishermen. For 

example, during the December 2012 Alaska Board of Fisheries Bristol Bay fisheries meeting, there was a 

proposal to increase the maximum permissible vessel length. Proponents asserted that relaxation of the 

length restriction would enable them to use vessels with greater hold capacity, which would let them 

spend more time fishing. In response, Fritz Johnson, an influential and long-time commercial fisherman, 
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stated that, in the long run, only the boat makers would benefit from this change. He argued that if the 

restriction were lifted, most vessels would be replaced or modified to the new maximum length allowed 

in the fishery. He pointed out that in this fully-utilized fishery, any gains to one permit holder by having a 

larger vessel could only come from offsetting losses to other fishermen, and would eventually be 

dissipated as other permit holders followed suit through modifications to their existing vessels or through 

purchases of new vessels. Consequently, the race for fish is expected to lead to increased homogeneity in 

the fishing fleet. Analyses presented in this paper explore the persistence of heterogeneous capital in the 

Bristol Bay Pacific salmon drift gillnet fishery and, in particular, test for significant differences in vessel 

value as a function of vessel characteristics and permit holder attributes.

Figure 2-1. Proportion of vessels by length prosecuting the Bristol Bay Pacific Salmon drift gillnet 
fishery, by year, 1978-2018. (Source: CFEC data file.)

The Bristol Bay drift gillnet fishery includes a diverse array of vessels. While nearly four-fifths of 

the current fleet consists of vessels that are at the 32-foot maximum permitted length and loaded with 

horsepower, even now, some permits are fished on vessels as small as 18 feet long and powered by 40- 

horsepower outboard motors (CFEC data file). The listed value of these small vessels may be as low as 

$1,000, while the most expensive vessels in the fishery are valued at over $800,000 (CFEC data file). 

Figure 2-2 displays vessel values for the 25th, 50th, and 75th percentile each year for vessels that 
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prosecuted the fishery from 1978 through 2016. Many vessel characteristics have changed over time; for 

example, Figure 2-3 illustrates that wooden vessels have declined to negligible levels, replaced by 

roughly equal numbers of fiberglass and aluminum vessels.

Figure 2-2. Real (2017 CPI) vessel value for vessels prosecuting the Bristol Bay Pacific salmon drift 
gillnet fishery, 1978-2016. (CFEC data file)

Figure 2-3. Count of vessels by hull composition in the Bristol Bay Pacific salmon drift gillnet fishery, 
1978-2016. (CFEC data file)

50



The Bristol Bay Pacific salmon fishery is subdivided into five districts (Figure 2-4), each of 

which is managed with openings and closures intended to ensure sufficient escapement to maximize long- 

run average yield (Minard and Meachum 1987, Baker et al. 2006). Fisheries are not opened unless it is 

estimated that run strength will be sufficient to meet escapement goals and support commercial, sport, and 

subsistence fisheries. In-season managers open the fishery for an announced number of days (or hours) 

each week during the openings. Anticipated levels of effort, projected run strength, and observed 

escapements are used to determine the timing, length, and frequency of the openings. This management 

strategy, coupled with the temporally compressed character of the Bristol Bay Pacific salmon fishery (see, 

e.g., Figure 2-5), favors permit holders who can land large quantities of fish in a short amount of time.

Figure 2-4. Bristol Bay commercial fishing districts for Pacific salmon. Source: ADF&G.
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Figure 2-5. Daily harvest exvessel value ($ million adjusted to a 2018 base) of the commercial catch in 
the Bristol Bay Pacific salmon drift gillnet fleet for 2017.

Several factors increase the catching power of vessels. For example, vessels with large hold 

capacity may be able to remain on productive fishing grounds throughout an entire open period, waiting 

until after the open period has closed to leave the grounds to offload fish to a tender or processor. 

Similarly, large horsepower vessels may be able to spend less time traveling and more time fishing. The 

disadvantage to vessels that are highly capital intensive is that they are more expensive to purchase, 

maintain, and operate. While vessels with more horsepower and greater hold capacity may catch more 

fish, it might be more profitable in some instances to use a relatively inexpensive vessel with minimal 

gear, such as an 18-foot skiff. Indeed, some small vessels have persisted for many years as permit 

platforms. The persistence of this heterogeneity is curious; it suggests that there might be multiple 

efficient configurations or that permit holders might not be equally motivated by a profit incentive. 

Fluctuating market conditions—variability in permit prices, ex-vessel prices, run strength, or run 

timing—could favor low-cost configurations. For example, high permit prices may favor high volume 

capital-intensive operations that generate revenues needed to service loan payments. Whereas, during 

periods of low permit prices, smaller vessels may be more profitable due to the lower costs of servicing 

loan payments on less costly vessels. This project explores vessel heterogeneity in terms of vessel length
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and vessel value as functions of residency status, earnings, and longevity in the fishery. Figure 2-6 depicts

real (2018) mean ex-vessel earnings by vessel class.

Figure 2-6. Mean real (2018) ex-vessel earnings by vessel length class, 1978 - 2018.

Bristol Bay Pacific salmon drift gillnet permit holders are diverse. They fish in five different 

districts (Figure 2-4) and hail from communities inside and outside of Alaska. At year-end, 2017, 18.3% 

of drift gillnet LEPs were held by individuals who live in the Bristol Bay region (local), 26.5% of the 

permits were held by Alaska residents from outside the Bristol Bay region (nonlocal), and 55.2% were 

held by nonresidents (Gho and Farrington 2018). Of the 1,875 LEPs initially issued in the Bristol Bay 

Pacific salmon drift gillnet fishery, 43 years later, 100 are still held by initial recipients.

The mean age of Bristol Bay drift gillnet LEP holders has increased from 45.5 in 1975 to 48.1 in 2017, a 

change that parallels the aging of Alaska's workforce and is among the lowest increases of average age 

among all LEP types in Alaska (Gho et al. 2018). Older permit holders may have better access to capital 

for vessel purchases or upgrades. However, older permit holders may hesitate to invest in new vessels or 

vessel upgrades that may take years to amortize. In either case, permit holder age differences could 

contribute to the persistence of heterogeneity in the fleet.
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Permit prices have fluctuated dramatically since this fishery was limited in 1975. Ecological, 

economic, and political changes affect the present and the expected future value of commercial harvests, 

which is manifest in permit prices (Karpoff 1984a, Huppert et al. 1996, Newell et al. 2007). Between 

1982 and 2017, annual average permit sales prices (adjusted to a 2017 base) for Bristol Bay Pacific 

salmon drift gillnet LEPs have ranged from as low as $26,842 (2002) to as high as $491,825 (1989) (Gho 

2018; Figure 2-7). This is due, in part, to variations in ocean survival and growth attributable to 

interannual and decadal-scale variations in the productivity of the North Pacific ocean ecosystem, 

including a significant shift that occurred in the 1970s (Minobe 1997, Hare and Mantua 2000) which 

indirectly contributed to increased production of commercially available salmon and the value of LEPs 

(Hare and Francis 1995, Mantua et al. 1997, Stachura et al. 2013). At the same time, salmon hatcheries in 

the U.S., Canada, Japan, and Russia have contributed to the number of salmon available for commercial 

harvest through releases of ever-increasing numbers of smolts (Ruggerone et al. 2010, Ruggerone and 

Irvine 2018). Also, increased international recognition of the rights of coastal states has served to curtail 

high-seas fisheries for salmon and increase the number of salmon available for harvest by coastal nations. 

For example, the U.S. Fishery Conservation and Management Act of 1976 established a 200 nautical mile 

fishery conservation-zone that, together with the 1992 Convention for the Conservation of Anadromous 

Stocks in the North Pacific Ocean, prohibits foreign commercial fishers from intercepting Pacific salmon 

headed to Bristol Bay and increased the value of LEPs. However, during the 1980s and 1990s, the global 

production of farmed salmon began to take an ever-increasing share of the global market for salmon, 

leading to a collapse in the value of Alaska salmon LEPs, which reached a nadir in 2002 despite 

persistently high catches (Anderson 1985, Herrmann 1992, Herrmann 1995, Asche et al. 1999, Clayton 

and Gordon 1999, Herrmann et al. 2004, Knapp et al. 2007, Williams et al. 2009; Figure 2-7). In addition, 

LEP prices have been affected by variations in the cost of financing LEP purchases, variations that reflect 

domestic and global financial markets, and the availability of loan subsidies introduced to benefit specific 

groups of prospective fishermen. These loan programs affect the ability of individuals to acquire the 
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capital needed to finance their fishing operations (Karpoff 1984b). The combination of these market 

conditions has led to fluctuations in the permit value (Figure 2-7).

Figure 2-7. Bristol Bay Pacific Salmon Drift Gillnet permit value (normalized to 2017 price levels), 1982
2017.

Because LEPs constitute a perpetual right of access to the fishery, permit value should reflect the 

net present value of expected future earnings (Karpoff 1984a, Huppert et al. 1996). In turn, the value of 

future earnings depends on the amount of fish caught, ex-vessel price, and costs, all of which are 

realizations of non-stationary stochastic processes. Consequently, future earnings and their net present 

value are uncertain. Because the quantity of harvestable salmon varies from year to year and on a multi

decadal scale, and because salmon ex-vessel prices are influenced by a complex interplay of shifts and 

changes in consumer demand and changes and shifts in the supply of substitutes, such as farmed salmon 

and other fish and meats, the value of LEPs varies through time (Steiner et al. 2011, Williams et al. 2009). 

Thus, individuals who enter the fishery at different points in time face different LEP prices. However, at 

any point in time, asset price theory suggests that permit prices will reflect their expected value to 

marginal (individuals who are indifferent to entering or exiting the fishery) permit holders (Newell et al. 

2007). This comes because of two forces that drive the price towards a market equilibrium. Whenever a 

permit is priced below its marginal value, would-be buyers bid against each other until the offered price
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where si is the market share of the i-th firm, and N is the number of firms in the market. The HHI value is 

highest (HHI = 1) when a single firm controls the market and lowest (HHI = 1/N) when there are many 

firms, and they hold equal shares. In addition to applications in market analyses, finance, and anti-trust 

litigation, HHI-type indices, e.g., the Simpson Index (Simpson 1949, McIntosh 1967) and Shannon Index, 

have been widely applied in ecology as measures of species diversity (Morris et al. 2014, Santini et al. 

2017, Ushio et al. 2018). The HHI and related indices (e.g., Lorenz curves, Gini coefficients) have also 

been used to evaluate the effects of policy interventions on concentration in commercial fisheries (Gauvin 

et al. 1994, Connor 2000, Stewart and Callagher 2011, Abayomi and Yandle 2012, Emery et al. 2014, 

Thunberg and Correia 2015, Haas et al. 2016). For commercial fisheries off Alaska, the HHI has been 

used to assess changes in the distribution of ex-vessel revenues in the North Pacific halibut fishery
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rises to the marginal value. Similarly, if a would-be seller asks for more than the marginal value of their 

LEP, the permit will remain unsold until the asking price drops low enough to induce a buyer to make the 

purchase (Karpoff 1983).

While much discussion on permits in this fishery is on permit value, often overlooked is the fact 

that only 59.4% of the transfers are recorded as sales, while 35.6% of the transfers are recorded as gifts 

(Gho and Farrington 2018). Moreover, even within the same year, there is substantial variation in reported 

transaction prices among transfers that are identified as sales. This is peculiar because while each 

transaction differs, all Bristol Bay Pacific salmon drift gillnet permits are homogenous in that each permit 

conveys equal rights to participate in the fishery. Furthermore, because information on prices asked and 

prices offered is readily available, it seems unlikely that variation in transaction prices can be attributed to 

naivety on the part of buyers or sellers. Although permit sales are often packaged with the sale of a vessel, 

the permit transfer report filed with CFEC includes separate fields for permit value and vessel value.

The Herfindahl-Hirschman Index (HHI; Hirschman 1964) (Equation 1) characterizes the extent to 

which shares of a market are concentrated:



(NPFMC, 2016), market concentration of Community Development Quota programs in groundfish 

fisheries (Haynie 2014), and the relationship between income diversification and risk (Kasperski and 

Holland 2013, Sethi et al. 2014). Similarly, del Valle and Astokiza (2019) use the HHI and the Shannon 

Index to describe seasonal and interannual changes in the extent to which the economic performance of a 

multispecies fishery is concentrated on the availability of a small number of key species. In this paper, 

HHI is used to assess temporal change in fleet heterogeneity in the Bristol Bay, Alaska, salmon drift 

gillnet fishery where fleet composition is characterized in terms of vessel value and vessel length.

Methods

Data

Values of the dependent and explanatory variables were drawn from datasets maintained by the

CFEC that include records of permit holdings, permit transfers, landings reports, and vessel 

characteristics. The CFEC uses a survey to collect data each time an LEP is transferred. The survey 

includes confidential information such as permit holder's age, whether the permit was acquired through 

gift or purchase, whether an emergency transfer permit was used, the transaction price for purchased 

permits, and whether a loan was used to secure financing for the permit purchase. Confidential harvest 

information from ADF&G Fish Tickets (landings reports from permit holders) and ADF&G Commercial 

Operators Annual Report (purchase reports from processors) were combined into a gross earnings file to 

estimated ex-vessel value harvested by vessels. Access to confidential information in the CFEC datasets 

was conditioned on an agreement that the confidentiality of individual records would be preserved. Non- 

confidential data used in this analysis includes annual self-reported information on vessel values, and 

vessel characteristics such as the year the vessel was built, vessel length, hull material, presence of 

onboard refrigeration systems, engine horsepower, and type of fuel used. Also, information on permit 

status (permanent or interim use), the number of years permit holders have held a permit, declared 

residency, and addresses of permit holders are not confidential. Residency status was determined after 
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where Y is a vector of reported vessel values over time, and X is a matrix of the reported values of a suite 

of regular and categorical explanatory variables through time. Because vessels were counted once per 

year with some vessels being used for more than one year, there is a possibility of pseudo-replication 

among the dataset that included 60,532 observations with less than 5,000 unique vessels. To account for 

the possibility of selecting a more complex model than would be supported if pseudo-replicant 

observations were removed, estimates of the AIC were rescaled to reflect the number of unique vessels in 

the dataset which reduced the Akaike weights and corresponding evidence ratios but still left the preferred 

model more than 3.5 times more likely than the second most preferred model. The unknown values of the 

coefficient vector, β, are estimated using ordinary least squares. Coefficient estimates and goodness-of-fit 

statistics are reported in the results section.

The first set of candidate explanatory variables included characteristics of permit holders in the 

fishery. This set includes information on permit holder age, their fishing experience, and their residency. 

Ages of permit holders who made landings with the vessel were calculated as of December 31 of each 

year. The number of years that permit holders have fished was determined by subtracting the first year 

there was a record in the dataset from the current year considered. Residency is declared by affidavit each 

year; permit holders are considered “local” if their home address is in a community within the Bristol Bay
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matching the declared residency and address to a file with 2010 census information. Person, permit, and 

vessel identifiers were used to match data. Time series observations of vessel values and ex-vessel prices 

were adjusted to 2017 price levels using the consumer price index maintained by the U.S. Bureau of 

Labor Statistics. Also considered were three categorical variables covering the years before 1997, 

between 1997 and 2003, and the years since 2004.

Vessel Value Model

Time series observations of vessel value were modeled as a function of vessel characteristics and 

permit holder attributes (Equation 2):



commercial fishing administrative area. Permit holders who are Alaska residents with home addresses

outside the Bristol Bay commercial fishing administrative area are designated “nonlocal”; all other permit

holders are designated “nonresident.”

The second set of candidate explanatory variables included a categorical variable to differentiate 

between permanent and interim-use permits and to differentiate between permits acquired through 

outright purchase, received as a gift, or financed through a loan. Before a permanent permit is issued, an 

interim-use permit is granted to the applicant for a permit while the permanent application is being 

considered; when both an interim-use permit and permanent permit are issued the same year, only the 

permanent permit is considered in this dataset.

The third set of candidate explanatory variables represented vessel characteristics: vessel length 

(feet) and horsepower as reported by the vessel owner, a categorical variable to differentiate between 

diesel and gas-powered propulsion systems, a categorical variable to indicate whether the vessel has a 

refrigerated hold, another for whether the vessel fished in a dual permit operation that would allow the 

deployment of additional gear, and categorical variables to differentiate among vessels with aluminum, 

fiberglass, or wood hulls.

The fourth set of candidate explanatory variables characterized market conditions thought to 

influence expectations about future earnings. One-, two-, and three-year lagged sockeye salmon prices 

were included to reflect the role of adaptive expectations regarding future revenues. The inflation- 

adjusted permit value for each year was also included. Latent capacity was represented by the annual ratio 

of the number of permits fished over the total number of permits.

Multivariate regression analysis was used to gauge the influence of observable and controllable 

explanatory variables on vessel value. Model specification was based on the Akaike Information Criterion 

(AIC). The estimated AIC values were used to calculate AIC differences (ΔAIC), model likelihoods, 

Akaike weights, and evidence ratios (Burnham and Anderson 2002).
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In equation (3), HHI is a vector of annual estimates of the HHI values for vessel length (or vessel value), 

Z is a matrix of the reported values of a suite of regular and categorical explanatory variables through 

time, and ω, is a vector of unknown coefficients. Model specification was based on estimates of AIC,

ΔAIC, model likelihoods, Akaike weights, and evidence ratios. Coefficient estimates and goodness-of-fit 

statistics are reported in the results section.

Results

Vessel Value Model

The models represented by equation (2) were estimated using the PROC REG = adjrsq aic 

command in SAS (SAS Institute Inc. 2013). The algorithm explores models with all combinations of 

candidate explanatory variables and ranks the models based on AIC. Five hundred and fifty-two models 

composed of combinations of the 24 explanatory variables were considered to account for 60,532 

observations. Because vessels used for multiple years are counted more than once, the existence of 

pseudo-replication may have led to the underestimation of standard errors for the models. Estimated 

models included as many as 22 variables and as few as 16 variables. Figure 2-8 represents the variables
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HHI

Variation in time series estimates of HHI was used to assess trends in the extent of heterogeneity 

in vessel value and vessel length within the Bristol Bay salmon fishery. The vessel length HHI value for 

each year was calculated by first computing the fraction of each vessel's length over the total length of all 

vessels that year, which product is then squared, and finally aggregating into the HHI value. The same 

process was used with the reported vessel value to compute the value HHI. Multivariate linear regression 

was used to fit the estimated HHI values to annual time series observations of the participation rate 

(fraction of eligible permits used to prosecute the fishery that season), the percentage of permits used in 

dual permit operations, the percentage of permits sold, and ex-vessel price (adjusted to 2018 price levels).



included in each model. Eleven variables were common to all of the 552 candidate models: eight 

categorical variables and five continuous variables. The categorical variables differentiate between local 

and nonlocal permit holders (nonlocal), dual permit operations (DualOp), gas and diesel (diesel) 

propulsion systems, hull type (fiberglass and wood) hulls, the presence of onboard refrigeration 

(refrigeration) systems. The continuous variables retained in all 552 candidate models were vessel length 

(length), vessel horsepower (HP), vessel age (v-age), total vessels in the fishery (TotalVessels), and the 

fraction of unfished permits not used that could have otherwise been fished in a given year (LatencyRate). 

Although the absolute magnitude of the difference in AIC values is not large, the differences are 

sufficient to discriminate among candidate models using AIC differences (Δ AIC), Akaike weights, or 

evidence ratios (Burnham and Anderson 2002).

Figure 2-8. Variables included in the 552 candidate models of the value of vessels used in the Bristol Bay 
Pacific Salmon Drift Gillnet Fishery, 1982-2018. Variables common to all 552 models are bolded in the 
figure legend.

The estimated Δ AIC values for the 552 candidate models suggest substantial empirical support 

for model 1, moderate support for models 2 through 13, and little support for models 14 through 552. 

Consequently, only thirteen models were retained for further evaluation; Table 2-1 represents the 

variables included in those models. These top 13 models share six additional variables: three categorical 
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variables that differentiate between local and nonresident permit holders (nonresident) and differentiate 

among three periods in the time series (EarlyYears and DualYears), and three continuous variables that 

represent permit operator age (PH-Age), the number of years the permit holder has held a Bristol Bay drift 

gillnet permit (YearsHeld), and the year (YearNum). The EarlyYears categorical variable was introduced 

to represent data before 1997 when farmed salmon was relatively new to the market. The DualYears 

categorical variable starts in 2004 and represents the implementation of the regulation that authorizes up 

to two permits to be fished on a single vessel and allows that vessel to use up to 200 fathoms of gear 

rather than the single-permit limit of 150 fathoms.

Table 2-1. Variables included in the 13 most plausible selected candidate models of vessel value in the 
Bristol Bay Pacific Salmon Drift Gillnet Fishery, 1982-2018. Variables common to all 13 models are 
bolded in the table.

Model Number
1 2 3 4 5 6 7 8 9 10 11 12 13

Nonlocal X X X X X X X X X X X X X
Length X X X X X X X X X X X X X
HP X X X X X X X X X X X X X
Diesel X X X X X X X X X X X X X
Fiberglass X X X X X X X X X X X X X
Wood X X X X X X X X X X X X X
V-Age X X X X X X X X X X X X X
Refrig X X X X X X X X X X X X X
LatencyRate X X X X X X X X X X X X X
TotalVessels X X X X X X X X X X X X X
YearsHeld X X X X X X X X X X X X X
PH-Age X X X X X X X X X X X X X
P3 X X X X X X X X X X X X X
Permanent X X X X X X X X X X X X X
Gift X X X X X X X X X X X X X
RealAvePV X X X X X X X X X X X X
P1 X X X X X X X X X
P2 X X X X X X X X
Loan X X X X X X X
Nonresident X X X X X X X

Goodness-of-fit statistics for the top 13 candidate models are reported in Table 2-2. The estimated 

values of Δ AIC, the corresponding AIC weights, and evidence ratios indicate that model 1 is strongly 

preferred.
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Table 2-2. Model specification (selection of variables to retain in the final model) for equation (2). 
Goodness-of-fit statistics for top 13 candidate models.

Model Coefficients Adj R2 AIC Δ AIC
model 

likelihood AIC weights
Evidence 

ratio
1 22 0.5805 1,339,647.05 0.00 1 0.51 1.00
2 21 0.5805 1,339,650.48 3.43 0.18 0.09 5.56
3 22 0.5805 1,339,650.69 3.64 0.16 0.08 6.17
4 22 0.5805 1,339,651.63 4.58 0.10 0.05 9.87
5 20 0.5804 1,339,651.89 4.84 0.09 0.05 11.25
6 21 0.5805 1,339,652.03 4.98 0.08 0.04 12.06
7 22 0.5805 1,339,652.42 5.37 0.07 0.03 14.66
8 22 0.5805 1,339,652.62 5.57 0.06 0.03 16.20
9 21 0.5805 1,339,653.12 6.07 0.05 0.02 20.80

10 21 0.5804 1,339,653.45 6.40 0.04 0.02 24.53
11 21 0.5804 1,339,653.69 6.64 0.04 0.02 27.66
12 20 0.5804 1,339,654.64 7.59 0.02 0.01 44.48
13 22 0.5805 1,339,655.11 8.06 0.02 0.01 56.26

Preferred Model for vessel value

Coefficient estimates, standard errors, p-values, and beta weights (elasticities) for the preferred 

specification of model 1 are reported in Table 2-3. Beta weights are coefficient estimates rescaled to 

represent changes in the magnitude of the dependent variable (measured in standard deviations) in 

response to a one standard deviation change in the explanatory variable. They are scale-free indicators of 

the relative influence of the explanatory variables. Beta weights can be computed by multiplying each

coefficient by the ratio of the standard deviation of the corresponding explanatory variable to the standard 

deviation of the dependent variable
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Table 2-3. Coefficient estimates, standard errors, p-values, and beta weights (elasticities) for the preferred
model used to estimate vessel value.

R2 = 0.58; AIC = 1,339,647.05; 60,532 observations used; 23 coefficients including intercept

Coefficient
Standard

Error p-value
Beta 

weights
Intercept -807,420 175,356 < 0.01 -
Difference between local and nonlocal residency categories 10,017 751.70 < 0.01 0.45

(nonlocal)
Difference between local and nonresident residency categories 1,638.19 675.58 0.02 0.07

(nonresident)
Difference between permanent and interim-use-permits (permanent) 6,125.22 1,713.20 < 0.01 0.63
Difference between gifted and purchased permits (Gift) -2,442 678.77 < 0.01 -0.10
Operations that were part of a dual operation (DualOp) 16,381.00 2,271.20 < 0.01 2.24
Vessel length in feet (length) 6,263.06 163.30 < 0.01 0.06
Vessel horsepower (HP) 102.71 1.66 < 0.01 1.03E-05
Difference between diesel and gasoline and powered vessels (diesel) 46,925 735.04 < 0.01 2.08
Difference between fiberglass and aluminum hull vessels (fiberglass) -27,854 599.05 < 0.01 -1.00
Difference between wood and aluminum hull vessels (wood) -26,526 1,124.00 < 0.01 -1.79
Vessel age in years (v-age) -4,849.68 41.83 < 0.01 -0.01
Difference between vessels with and without onboard refrigeration 41,230 886.25 < 0.01 2.20(refrig)
Total number of vessels that participated in the fishery that year -61.35 4.91 < 0.01 -1.81E-05

(TotalVessels)
Moving average of 3 years of real (2018) ex-vessel value by vessel 0.05 0.02 < 0.01 4.63E-11(MA3AveEarn)
Moving average of 3 years of real (2018) ex-vessel prices 2,444.43 861.12 < 0.01 0.13(MA3Price)
Age of permit holder with landings recorded on vessel (PH-age) -122.86 25.76 < 0.01 -1.91E-04
Number of years the permit holder has held a permit (YearsHeld) 197.13 39.66 < 0.01 4.71E-04
Rate of non-use of permits in the fishery (LatencyRate) -140,818 8,755.37 < 0.01 -74.22
Real (2018) average permit value for the fishery that year -0.02 0.01 < 0.01 -1.39E-11(RealAvePV)
Year (Year) 443.71 86.48 < 0.01 2.31E-03
Difference between 1997-2003 and earlier categories (EarlyYears) 3,971.18 1,770.39 0.02 0.42
Difference between 1997-2003 and later categories (DualYears) -6,759.70 1,350.11 < 0.01 -0.55

Beta weights in Table 2-3 suggest that variation in vessel value is most sensitive to variation in 

vessels that operate as dual permit operations, latency, which is a measure of permit participation, and 

variation in vessel characteristics such as a refrigerated fish hold, diesel-powered main engines, and hull 

composition. Vessels fished under permanent LEPs had a substantially higher value than vessels fished 

under interim-use permits and vessels fished by nonlocal Alaskan residents had a substantially higher 

value than vessels fished by local Alaskan residents or by nonresidents.

Each additional foot in vessel length contributed about $6,300 to vessel value. Each additional 

increase in horsepower was associated with an increase of a little over $100 in vessel value. Diesel- 

powered vessels were almost $47,000 more valuable than otherwise equivalent gasoline-powered vessels.
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Aluminum hulled vessels were worth nearly $28,000 more than vessels with fiberglass hulls and a bit less

than $27,000 more than vessels with wood hulls. In addition, on average, vessels lost close to $5,000 in

vessel value per year. The inclusion of refrigerated holds added over $41,000 to vessel value.

Various characteristics of permit holders had strong statistical associations with the value of the 

vessel on which they fished. The categorical residency variables indicate that vessels run by nonlocal 

Alaskan or nonresident permit holders are more expensive than vessels run by local permit holders by 

$10,017 and $1,638, respectively. Permit holders who received their permit as a gift, on average, fish 

from vessels that are worth $2,442 less than the vessels fished by those who purchased a permit. Older 

permit holders own less valuable vessels; vessel value declines by an average of $123 per year of permit 

holder age. However, the longevity of permit holder participation in the fishery more than offsets the 

tendency of older fishermen to own less valuable boats; vessel value was found to rise by $197 for every 

year of participation.

In addition, four factors unrelated to the permit holder or their fishing platform contributed to 

vessel value. The negative aspect of congestion and competition on the grounds is evident in the inverse 

relationship between vessel value and the total number of vessels (TotalVessels) that participated in a 

given year; each additional vessel participating in the fishery reduced average vessel value by $61. In 

contrast, increases in latency (LatencyRate) were associated with decreases in vessel value; a 10 percent 

increase of latency corresponds to a decrease in average vessel value of nearly $14,082. The latency rate 

may be confounded by the fact that the fishery experienced the elevated levels of permit latency in the 

early 2000s when salmon prices were at their nadir. While increased latency decreases competition on the 

fishing ground, adverse expectations about run strength or exvessel prices reduce participation in the 

fishery, reduce the asset value of LEPs, and decrease interest in purchasing vessels suitable for use in this 

fishery. Similarly, vessel value declined by $0.02 for every $1 decline in the market value of limited entry 

permits (MA3Price). A $20 increase in the three-year moving average of average earnings is associated 

with a $1 increase in vessel value. Each year, all things being equal, vessels participating in the fishery 

were $444 more expensive, which could be a result of capital stuffing in a race-for-fish environment. The
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earlier years, before 1997, holding all else constant vessels were almost $4,000 as vessels settled into 

limited entry; ignoring everything else that is correlated with vessel value, vessels in the later years are 

$6,760 less expensive.

Tables 2-4 through 2-7 report estimated vessel value conditioned on vessel length, gifted permits, 

hull composition, refrigeration, and permit holder residency. The coefficients from Table 2-3 were used to 

calculate these variables. Differences in these values demonstrate the persistence of heterogeneity in the 

fleet.

Table 2-4. Estimated real 32018) vessel value for 32' vessels operated in the Bristol Bay drift gillnet 
fishery by residency category when each non-categorical variable in equation 31) is set to the 
corresponding overall mean and vessel purchases were financed outright and operated by holders of 
permanent limited entry permits.

Hull type Fuel Refrigeration Local
Purchase
Nonlocal Nonresident Local

Gift
Nonlocal Nonresident

Wood
Diesel

no Refrig $151,832 $154,462 $146,578 $151,364 $153,994 $146,109

Gasoline
Refrig $158,363 $160,994 $153,109 $157,895 $160,525 $152,641

no Refrig $112,356 $114,986 $107,102 $111,888 $114,518 $106,633

Fiberglass
Diesel

Refrig $118,887 $121,518 $113,633 $118,419 $121,049 $113,165

no Refrig $140,237 $142,867 $134,982 $139,768 $142,399 $134,514

Gasoline
Refrig $146,768 $149,398 $141,514 $146,300 $148,930 $141,045

no Refrig $100,761 $103,391 $95,506 $100,292 $102,923 $95,038

Aluminum
Diesel

Refrig $107,292 $109,922 $102,037 $106,823 $109,454 $101,569

no Refrig $154,376 $157,007 $149,122 $153,908 $156,538 $148,654

Gasoline
Refrig $160,907 $163,538 $155,653 $160,439 $163,069 $155,185

no Refrig $114,900 $117,530 $109,646 $114,432 $117,062 $109,177
Refrig $121,431 $124,062 $116,177 $120,963 $123,593 $115,709
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Table 2-5. Estimated real (2018) vessel value for 28' to <32' vessels operated in the Bristol Bay drift
gillnet fishery by residency category when each non-categorical variable in equation (1) is set to the
corresponding overall mean and vessel purchases were financed outright and operated by holders of
permanent limited entry permits.___________________________________________________________

Purchase Gift
Hull type______ Fuel_____Refrigeration Local Nonlocal Nonresident Local Nonlocal Nonresident
Wood

Diesel
no Refrig $106,813 $109,053 $106,813 $106,194 $108,435 $106,194
Refrig $108,533 $110,773 $108,533 $107,914 $110,154 $107,914

Gasoline
no Refrig $80,677 $82,917 $80,677 $80,059 $82,299 $80,059
Refrig $82,397 $84,637 $82,397 $81,778 $84,018 $81,778

Fiberglass
Diesel

no Refrig $96,309 $98,549 $96,309 $95,690 $97,930 $95,690
Refrig $98,028 $100,268 $98,028 $97,410 $99,650 $97,410

Gasoline
no Refrig $70,173 $72,413 $70,173 $69,554 $71,794 $69,554
Refrig $71,892 $74,133 $71,892 $71,274 $73,514 $71,274

Aluminum
Diesel

no Refrig $111,227 $113,467 $111,227 $110,608 $112,848 $110,608
Refrig $112,947 $115,187 $112,947 $112,328 $114,568 $112,328

Gasoline
no Refrig $85,091 $87,331 $85,091 $84,472 $86,713 $84,472
Refrig $86,811 $89,051 $86,811 $86,192 $88,432 $86,192

67



Table 2-6. Estimated real (2018) vessel value for 24' to <28' vessels operated in the Bristol Bay drift
gillnet fishery by residency category when each non-categorical variable in equation (1) is set to the
corresponding overall mean and vessel purchases were financed outright and operated by holders of
permanent limited entry permits.

Hull type Fuel Refrigeration Local
Purchase
Nonlocal Nonresident Local

Gift
Nonlocal Nonresident

Wood
Diesel

no Refrig $62,251 $63,718 $62,251 $61,735 $63,202 $61,735

Gasoline
Refrig $64,283 $65,751 $64,283 $63,767 $65,235 $63,767

no Refrig $58,607 $60,075 $58,607 $58,091 $59,559 $58,091

Fiberglass
Diesel

Refrig $60,639 $62,107 $60,639 $60,123 $61,591 $60,123

no Refrig $68,630 $70,098 $68,630 $68,114 $69,582 $68,114

Gasoline
Refrig $70,662 $72,130 $70,662 $70,146 $71,614 $70,146

no Refrig $64,986 $66,454 $64,986 $64,470 $65,938 $64,470

Aluminum
Diesel

Refrig $67,019 $68,486 $67,019 $66,502 $67,970 $66,502

no Refrig $76,078 $77,546 $76,078 $75,562 $77,029 $75,562

Gasoline
Refrig $78,110 $79,578 $78,110 $77,594 $79,062 $77,594

no Refrig $72,434 $73,902 $72,434 $71,918 $73,386 $71,918
Refrig $74,466 $75,934 $74,466 $73,950 $75,418 $73,950
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Table 2-7. Estimated real 32018) vessel value for vessels under 24' operated in the Bristol Bay drift gillnet
fishery by residency category when each non-categorical variable in equation 31) is set to the
corresponding overall mean and vessel purchases were financed outright and operated by holders of
permanent limited entry permits.___________________________________________________________

Purchase Gift
Hull type_______ Fuel_____ Refrigeration Local Nonlocal Nonresident Local Nonlocal Nonresident
Wood

Diesel
no Refrig $28,511 $30,141 $28,511 $27,769 $29,399 $27,769
Refrig $29,928 $31,558 $29,928 $29,186 $30,816 $29,186

Gasoline
no Refrig $27,239 $28,869 $27,239 $26,497 $28,127 $26,497
Refrig $28,655 $30,285 $28,655 $27,913 $29,544 $27,913

Fiberglass
Diesel

no Refrig $32,020 $33,650 $32,020 $31,278 $32,908 $31,278
Refrig $33,436 $35,067 $33,436 $32,694 $34,325 $32,694

Gasoline
no Refrig $30,747 $32,377 $30,747 $30,005 $31,635 $30,005
Refrig $32,164 $33,794 $32,164 $31,422 $33,052 $31,422

Aluminum
Diesel

no Refrig $33,883 $35,514 $33,883 $33,142 $34,772 $33,142
Refrig $35,300 $36,930 $35,300 $34,558 $36,188 $34,558

Gasoline
no Refrig $32,611 $34,241 $32,611 $31,869 $33,499 $31,869
Refrig $34,027 $35,658 $34,027 $33,286 $34,916 $33,286

Local fishermen fish from lower-valued vessels than those fished on by nonlocal Alaskans or 

nonresidents and vessels fished by nonlocal Alaskans are worth more than nonresident's vessels. In every 

instance, vessels with refrigerated fish holds are more valuable than vessels lacking refrigeration. Vessels 

used by fishermen who purchased their permit are, on average, higher valued than vessels used by 

fishermen who received their LEP as a gift.

Time series estimates of the HHI for vessel length and vessel value are presented in Figure 2-9. 

The HHI for vessel length has remained low through the end of the 1990s, but increased quickly during 

the salmon price collapse of the early 2000s, and has remained nearly constant since the mid-2000s, but at 

a higher level than before the price collapse. This provides evidence that the salmon price collapse 

contributed to a permanent shift in the heterogeneity of vessel length—a substantial reduction in the 

fraction of active vessels shorter than the 32-foot maximum. The trend in the time series of HHI for vessel 

value initially parallels the trend of the HHI for vessel length. However, the salmon price collapse
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resulted in a more pronounced reduction in the heterogeneity of vessel value and, that change has 

continued to strengthen even as salmon prices have recovered.

Figure 2-9. Herfindahl-Hirschman Index (HHI) values for Bristol Bay Pacific salmon drift gillnet fleet 
vessel value (adjusted to 2018 price levels) and vessel length, 1982-2018. Heterogeneity declines as HHI 
decreases.

Tables 2-8 and 2-9 include estimated coefficients, standard errors, and goodness-of-fit statistics 

for multiple linear regression models (equation 3) of the HHI for vessel length and vessel value. The 

results indicate that heterogeneity in vessel length and heterogeneity in vessel value have persisted in the 

Bristol Bay Pacific salmon drift gillnet fishery. However, heterogeneity in vessel value and vessel length 

was reduced during the salmon price collapse of the early 2000s. Heterogeneity in vessel length has since 

stabilized, while heterogeneity in vessel value has continued to decline. The implementation of dual 

permit regulations is associated with decreased heterogeneity. In contrast, participation in the fishery in 

terms of the rate of actively used permits corresponds with increased heterogeneity within the fleet.

Table 2-8. Coefficient estimates, standard errors, and p-values for the preferred model of Herfindahl- 
Hirschman Indices (HHI) for vessel length in the Bristol Bay Pacific salmon drift gillnet fishery.

Coefficient Standard Error p-value
Intercept 1.360E-03 3.151E-05 < 0.01
Percent Landings (LandingP) -8.464E-04 3.642E-05 < 0.01
Percent Dual (DualP) 3.526E-04 1.648E-05 < 0.01
Price (Price) 7.180E-06 3.890E-06 0.07
R2 = 0.98 AIC = -817.8; 37 observations used; 3 coefficients
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Table 2-9. Coefficient estimates, standard errors, and p-values for the preferred model of Herfindahl- 
Hirschman Indices (HHI) for vessel value (adjusted to 2018 price levels) in the Bristol Bay Pacific 
salmon drift gillnet fishery.

Coefficient Standard Error p-value
Intercept 2.130E-03 2.162E-04 < 0.01
Percent Landings (LandingP) -1.280E-03 1.936E-04 < 0.01
Percent Dual (DualP) 1.160E-03 9.513E-05 < 0.01
Permits Sold (PmtsSold) -3.050E-03 0.002 0.05
R2= 0.88 AIC = -697.2; 37 observations used; 4 coefficients

Discussion

Individuals who participate in the Bristol Bay Pacific salmon drift gillnet fishery have faced 

dissimilar costs of entry depending on the market conditions when they entered. In addition to the 

fluctuations of market conditions, over one-third of all LEP transfers in this fishery have been as gifts. 

Some permit holders remain in the fishery for a substantial amount of time; for example, 5.0% (92/1,851) 

of the permit holders in this fishery at the end of 2018 had been issued LEPs when the fishery was limited 

in 1975. The inflation-adjusted value of Bristol Bay drift gillnet permits has fluctuated considerably. The 

mean inflation-adjusted permit value in 1982 was $249,639; in 2018, the average value was $153,000. 

However, the mean real value of Bristol Bay drift gillnet permits has experienced much wider variation. 

In 1989, the mean real permit value was $503,838. In 2002, the mean real permit value collapsed to 

$27,498. All else equal, the higher the permit value, the less capitalized the permit holder will be. As the 

price of permits increases, many permit holders have less money to put towards a vessel. The model 

indicates that, holding all else constant, the average value of vessels was reduced by $12,263 in 1989 

when the mean permit value was at its highest; that same year, the mean average earnings by vessel was 

$191,885. When mean permit values reached their nadir in 2002, the coefficient for permit value indicates 

a decrease of $669 for average vessel value. In 2002, average earnings by vessel were $30,186.

Individuals who purchased their permit had more expensive vessels than those that were given 

their permits, as can be seen in Figure 2-10, as well as Tables 2-4 through 2-7.
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Figure 2-10. Average real (2017) value for vessels fished by permit holders who received their permit by 
gift or through market transaction.

Between 1980 and 2018, the average vessel value was 12.7% higher for vessels where the 

operator purchased permits over fishers who were gifted permits. Those who purchased their permits 

earned, on average, 14.8% more than those that were gifted permits did. Different vessel features provide 

individuals with competitive advantages such as end-of-year bonuses for chilled salmon, vessel size, 

which allows for the retention of more fish between landings, and propulsion, which can more quickly 

bring a vessel to areas where fish are. The effect of these features is evident in the model results. Despite 

these competitive advantages, the fleet has retained a diversity of vessel sizes and vessel values over time.

Participants that continue in the fishery can add additional capital each year. Because the value of 

the vessel increases each year that fishers continue in the fishery, this suggests that some of the profits 

that they make are invested into their vessels. Locals fish with vessels that are, on average, $10,004 less 

valuable than vessels used by nonlocals, and $1,630 less valuable than vessels used by nonresidents. 

Those who live in Bristol Bay face different opportunity costs when it comes to participating in the 

fishery. Local permit holders may be able to store their vessels on their property instead of paying to have 

it held in a boatyard. The economy in the Bristol Bay region does not provide the same opportunities as 

elsewhere and has unemployment rates and costs of living that exceed state and national averages.
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The average value of vessels owned by younger fishermen is higher than those of older 

fishermen. While this dataset does not provide a definitive reason as to why this could be, one plausible 

reason may rest in the fact that vessels are becoming more expensive as new technologies are introduced. 

The basic premise of a vessel with a gillnet commercially harvesting salmon has persisted since 1893. 

While some technological innovations occur each year, the basic concept of vessels has not changed. 

Innovations have been implemented, such as radios, GPS units, radar, and other such technologies that 

may not be included with the value of the vessel. The higher prices could be a manifestation of capital 

stuffing of newer permit holders who enter the fishery.

Since the limitation of the Bristol Bay Pacific salmon gillnet fishery, the competitive race for fish 

in this fully utilized fishery over more than four decades has not led to a homogenous fishing fleet. Even 

today, vessels of different sizes and hull material continue to ensure that the fleet remains heterogeneous. 

While each permit affords an equal ability to harvest salmon, permit holders possess unique abilities and 

face dissimilar opportunity costs. Profit-maximizers who face different variable and opportunity costs will 

make different choices regarding capital investment and whether to remain in the fishery. Because each 

permit in this fishery is homogenous, the inconsistency of opportunity cost is manifest in how they choose 

to capitalize in the fishery.
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Chapter 3 . Permit Migration in Alaska's Limited Entry Salmon Fisheries4

4 Gho, M., and K. R. Criddle. Permit migration in Alaska's Limited Entry salmon fisheries. 3in preparation)

Abstract

Limited Entry was introduced to help ensure the conservation of fishery resources and to help 

prevent economic distress among fishermen and in fishery-dependent communities. Although there is 

general agreement that Limited Entry has helped prevent overfishing 3Clark et al. 2006, Benshoof and 

Baek 2014), it has not safeguarded fishermen or fishery-dependent communities from economic hardship 

3Herrmann 1994, Herrmann et al. 2004, Knapp et al. 2007). There has been concern that Limited Entry 

has contributed to an erosion in local participation in some fisheries 3Knapp 2011). Regional 

redistribution of permit holdings occurs through permit transfers 3sales or gifts) of permits to fishermen 

who reside outside of the region where the owner lives, through administrative cancellations, or because 

permit holders emigrate from or immigrate to the region where the fishery occurs. The factors and 

conditions that predispose local holdings of salmon set gillnet and drift gillnet LEPs to migrate into or 

away from communities proximate to the fishery, other regions of Alaska, and the rest of the U.S. are 

explored in this chapter. Differences in the annual numbers of salmon set gillnet and drift gillnet LEP 

holders who migrate are found to depend on the type of gear fished, season length, the total number LEPs 

in the fishery, LEP market value, the fraction of LEPs transferred per year, and the fraction of unfished 

LEPs. Although it was expected that regional differences in mean wage rates, unemployment rates, and 

ex-vessel prices would also help account for observed differences in migration, the influence of those 

variables was not statistically significant.
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Introduction

By the 1950s, declines in salmon stocks and salmon harvests in Alaska, as well as resentment 

towards canneries and their fish traps, helped impel Alaskans towards statehood (King et al. 2009) and 

culminated when Alaska became the 49th state on January 3, 1959. The authors of Alaska's state 

constitution included clauses that set out strategic objectives to reserve fish, wildlife, and water resources 

for common use (Article VIII §3)5 and to promote maximum sustainable use of renewable natural 

resources (Article VIII §4)6. In effect, the Alaska state constitution codifies the Common Law Public 

Trust character of these resources (Bader 1998, Criddle 2008). Pursuant to the mandates set out in Article 

VIII §3 and Article VIII §4, the Alaska Department of Fish & Game (ADF&G) adopted policies intended 

to ensure that salmon fisheries were managed to maximize long-run sustained yields (King et al. 2009). 

However, salmon stocks continued to struggle due to overfishing, which resulted in a perception that the 

management toolkit available to the ADF&G was insufficient to ensure the long-term sustainability of the 

fishery (Gho et al. 2012). In the 1970s, license limitation (limited entry) was seen as a promising new 

approach to control effort in commercial fisheries (Bishop 1973). The Limited Entry Act of 1972 allows 

the State to limit entry into any fishery for resource conservation reasons, to prevent economic distress 

among fishermen and their dependents, and to promote the efficient development of aquaculture. The 

initial wave of fisheries brought under limited entry management in 1975 consisted of 19 large salmon 

fisheries; additional salmon fisheries and fisheries for other species were subsequently limited.

5 Wherever occurring in their natural state, fish, wildlife, and waters are reserved to the people for common use.

6 Fish, forests, wildlife, grasslands, and all other replenishable resources belonging to the State shall be utilized, 
developed, and maintained on the sustained yield principle, subject to preferences among beneficial uses.

Once a fishery has been placed under limited entry, only Limited Entry Permit (LEP) holders are 

eligible to participate during commercial fishing openings (Alaska Statute 16.43.140). LEPs are issued to 

individuals—natural persons—and cannot be held by corporations or other entities (Adasiak 1979). 

Permits can move from one community to another through their transfer to individuals who live 
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elsewhere or when a permit holder emigrates. These changes in the number of permits and permit holders 

can affect communities. When LEPs leave a community, there are fewer employment opportunities for 

permit holders and crewmembers and less local spending on vessel repair and support services and crew 

and vessel supplies, leading to reduced community economic activity (Himes-Cornell and Hoelting 2015, 

Knapp 2011). Conversely, increases in the number of permit holders bring additional jobs, additional 

spending, and increased economic activity to the community. Figure 3-1 displays the rate of local permit 

holdings summed across the Alaskan set and drift gillnet salmon fisheries in Southeast Alaska, Yakutat, 

Bristol Bay, Kodiak, Alaska Peninsula, and Prince William Sound for each year from 1975 to 2018.

Figure 3-1. Percentage of limited entry permits held by Alaskan local permit holders in set and drift 
gillnet commercial salmon fisheries in Southeast Alaska, Yakutat, Bristol Bay, Kodiak, Alaska Peninsula, 
and Prince William Sound, 1975-2018.

While the patterns and consequences of LEP transfers have attracted formal analysis, e.g., Gho et 

al. (2012), Knapp (2011), Robards and Greenberg (2007), and Koslow (1982), little attention has been 

given to permit holder migrations, the subject of this paper. The analyses in this paper seek to elucidate 

some of the conditions and factors that affect the migration of permit holders. We examine the 

relationship between migration and aspects of demographics, such as unemployment rates, average real 

gross earnings per permit holder, economic diversity, and other factors as well. While gender and race 
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might influence migration rates, reliable, comprehensive data on those demographic characteristics is not 

included in the CFEC databases, and confidentiality regulations preclude matching the CFEC data with 

datasets that might include those characteristics.

Figure 3-2. Salmon gillnet limited entry permit holder net migrations, 1999-2018.

There can be opportunity costs to owning an LEP and living near where a limited entry fishery 

occurs. Some LEP fisheries are prosecuted in a relatively short amount of time. For example, in the 

Bristol Bay gillnet fisheries, the majority of all commercial landings occur within six weeks. In other 

fisheries, such as the Southeast Alaska salmon troll fisheries, some permit holders make landings 

throughout most of the year (Figure 3-2). In economically depressed areas with few non-fishing 

employment opportunities such as Bristol Bay, the opportunity cost of remaining in a community near the 

fishery can be high enough to entice permit holders to seek employment and housing outside the region 

when the fishery is closed (Huskey et al. 2004). Some areas, such as Cook Inlet, have high rates of local 

participation and stable permit numbers. This may be because Cook Inlet includes large urban areas such 

as Anchorage, which offer lower costs of living and greater employment opportunities in the off-season.
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Figure 3-3. Average proportion of permit holders making landings by statistical week for select fisheries 
from 1975-2018.

Fishery value is another factor that might influence permit migration patterns. For example, in the 

Yakutat set gillnet fishery, there are three brief salmon runs: a sockeye salmon run in late June through 

early July, a pink salmon run in August, and a silver salmon run in September/October. While these runs 

are relatively short and afford permit holders with the opportunity to make landings quickly, average 

earnings in this fishery are considerably lower than in the Bristol Bay salmon fishery and spread over a 

more extended period.

Salmon limited entry drift and set gillnet fisheries included in this study were the Southeast 

Alaska drift gillnet fishery, the Yakutat set gillnet fishery, the Bristol Bay set and drift gillnet fisheries, 

the Kodiak set gillnet fishery, the Alaska Peninsula set and drift gillnet fisheries, and the Prince William 

Sound set and drift gillnet fisheries.

Methods

The analysis began with an exploratory analysis of each candidate explanatory variable. The 

purpose of the exploratory data analysis was to inform the selection of variables to include in the 

regression analyses to reduce the potential for multicollinearity. The next step entailed subdividing the 
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data. The observations from 1999 through 2013 were used to select a preferred model, allowing the 

observations from 2014 through 2018 to be used for model validation. This step was needed to guard 

against the possibility that our model-based selection process could lead to the inclusion of variables 

based on spurious correlations over the observations used to guide model specification. Lastly, the 

coefficients of the validated preferred model were re-estimated using the full time series of observations.

Data

The statistical analyses used publically available data and an aggregate of confidential 

state government data to explore the effects of permit holder emigration and immigration from 

local, nonlocal, and nonresident categories. Local and nonlocal permit holders swore in an 

affidavit that they were Alaskan residents. Local permit holders have an address in a community 

included within the administrative area of the fishery. The six sets of dependent variables 

consisted of annual counts of changes in permit holder residency class from L→NL, L→NR, 

NL→L, NL→NR, NR→L, and NR→NL.

These dependent variables were modeled as linear functions of a common set of explanatory 

variables including: average real gross earnings per permit holder (revenue), the annual rate of permit 

transfers (transfers) defined as the ratio of the total number of transfers over the total number of permits, 

wage rates of local construction workers (wage), annual mean ex-vessel price of catch (price), the local 

unemployment rate (UR), season length as defined by the number of days landings were made that year 

for the permit fishery (days), real permit value (PV), the rate of permit participation in the fishery 

(latency), the total number of permits (permits), a binary variable to differentiate between set gillnet and 

drift gillnet permits (drift), total production of farmed salmon (farmed), the existence of dual permit 

regulations (dual), the presence of stacked permit regulations (stack), and interaction variables formed as 

the product of drift and each of the other explanatory variables. The categorical variable, drift, is coded 1 

for drift gillnet fishing and zero for set gillnet fishing.
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Figure 3-4. Prince William Sound real (2018) permit value for commercial fishery permits, 1975 - 2018.

Average real gross earnings were derived from average gross earnings estimates reported in the 

CFEC gross earnings data files. The average ex-vessel value estimates were applied to the amount of 

commercial harvest for each permit fishery every year and divided by the total number of permits in each 

permit fishery for an average annual ex-vessel value by permit holder (Revenue). Average real gross 

earnings for the Bristol Bay fishery are displayed in Figure 3-4. The total number of inter-regional permit 

holder migrations of each of the six types of interest was obtained from address changes in the CFEC 

permit file. Also, from the permit file, we obtained the total count of all permits available to fish in the 

permit fishery each year as well as the rate of permit transfers. Season length was determined by the total 

number of days where landings were recorded on any given year within the permit fishery. Dummy 

variables for gear types were created based on the permit code. UR rates by area were included as 

recorded by the Alaska Department of Labor and Workforce Development. Wage data were from the U.S. 

Bureau of Labor Statistics' average earnings for construction laborers (47-2061). All nominal dollar 

values were adjusted for inflation using the 2018 consumer price index from the Bureau of Labor 

statistics. Production of farmed salmon was from the Food and Agricultural Organization of the United 

Nations FishStatJ application, and an FAO report for 2018.
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Figure 3-5. Real (2018) average ex-vessel value per permit holder in the Bristol Bay commercial salmon 
fisheries, 1975 - 2018

The Alaska Board of Fisheries passed a regulation to allow dual permit operations in the Bristol 

Bay salmon drift gillnet fishery starting in 2004, and starting in 2008 for the Cook Inlet salmon drift 

gillnet fishery. Dual regulation allows two permit holders, fishing as a dual permit operation, to increase 

the length of their net from 150 fathoms up to 200 fathoms. Permit stacking, where a single LEP holder 

can fish two complements of gear with two permits, was allowed in the Kodiak set gillnet salmon fishery 

(2008-2010), in the Bristol Bay set gillnet salmon fishery (2010-2012), within the Cook Inlet salmon set 

gillnet fishery (2011 to present), in the Yakutat set gillnet fishery (2012 to present), and starting in 2018 

for the Cook Inlet drift gillnet fishery.

Exploratory Data Analysis

A singular value decomposition of the Hessian matrix of the 20 candidate variables was 

used to gauge the extent of interdependence among the explanatory variables. If the time series 

observations were noise-free, the rank of the Hessian matrix would correspond to the number of 

non-zero singular values, and the minimum number of orthogonal variables needed to capture all
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Figure 3-6. Rank determination for the product of the transpose of the data matrix and itself.

The next step entailed an examination of a matrix of Pearson correlation coefficients (Appendix

A). To reduce the number of variables with high levels of collinearity, at least one of each variable pair 

that had a correlation with an absolute value greater than 0.8 was dropped. This reduced the set of 
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the information contained in the 20 candidate variables. However, because the data are noisy, 

estimates of all 20 singular values are non-zero, ranging from 3.859×1012 to 7.883×10-3. Aoki 

and Havenner (1989) suggest disregarding singular vectors corresponding to singular values 

whenever the ratio of that singular value to the largest singular value is less than the reciprocal of 

the square root of the number of observations:

Figure 3-6 presents a graphical representation of the application of this criterion and suggests that the 

information contained in the 24 explanatory variables considered for inclusion in the model could be 

projected onto a hyperspace composed of two to three orthogonal vectors. Because the observed variables 

are not orthogonal, it can be expected that an efficient model specification and selection process will lead 

to a model with fewer than 24 but more than 2 to 3 explanatory variables.



candidate explanatory variables to nine continuous variables (revenue, transfers, wage, price, UR, days,

PV, latency, and permits), one categorical variable (drift), and one interaction variable (drift × latency).

Model Specification

The relationships between the six categories of permit migration and the explanatory variables 

can be represented as a system of six related equations, equations 1a - 1f: 

where Y is a stacked vector of the six vectors of dependent variables, and X is a block-diagonal matrix 

with each block comprised of the time series of observations of the explanatory considered for inclusion 

in each equation. Because this system of equations does not include endogenous variables as explanatory 

variables, it can be estimated using the seemingly unrelated regression (SUR) model (Zellner 1962).
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Model Selection

The six equations represented by equation (2) were estimated using the PROC SYSLIN SUR 

command in SAS (SAS Institute Inc. 2013). The initial model included the 11 explanatory variables 

selected during the exploratory data analysis. The eight additional models sequentially dropped variables 

based on the statistical significance of their coefficients across the six equations (Table 3-1).

Table 3-1. Variables included in candidate models.
a b c d e f g h i j k

revenue X
latency X X

drift×latency X X
farmed X X X

transfers X X X X
UR X X X X X

stack X X X X X X
days X X X X X X X

wage X X X X X X X X
price X X X X X X X X X

PV X X X X X X X X X X
permits X X X X X X X X X X X

drift X X X X X X X X X X X
dual X X X X X X X X X X X

Coefficients of the six equations for each of these eleven models were estimated using the data 

from 1999 through 2014. The statistical significance of model fit to the data for each equation, and the 

overall equation system for each model was determined using an F-statistic. The estimated fit for all six 

equations in all nine models was statistically significant (p-values ranged from 7.14×10-6 to 1.21×10-105), 

but goodness of fit of individual equations ranged from as low as R2 = 0.237 to as high as R2 = 0.702 (See 

Appendix B, Table B1).

An F-test on model components was used to compare competing simultaneous equation models 

based on relative differences in estimates of the system-weighted R2 over the sample (1999-2014) 

observations that considered the number of explanatory variables omitted from model r, and j is the 

number of equations modeled in the system. The estimated F-statistics are reported in Appendix B (Table 

B2). Based on these comparisons, models j and k can be dismissed from further consideration.
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The estimated coefficients for each equation and model were then applied to the data spanning 

2015 through 2018 to obtain estimates of the dependent variables. Two criteria were used to judge model 

performance on the ex-sample observations: goodness-of-fit over the ex-sample observations and loss of 

forecast accuracy between the sample and ex-sample observations. Ex-sample goodness-of-fit was 

assessed with a standard F-statistic. Appendix B (Table B3) lists the values of R2 over the ex-sample 

observations for each combination of model and equation. Equations where model fit is statistically 

significant are denoted with an asterisk.

In general, the nine candidate models provided reasonable estimates of the ex-sample 

observations. All nine models provide a statistically significant fit to the ex-sample observations of local- 

to-nonlocal migrations, nonlocal-to-local migrations, nonlocal-to-nonresident migrations, and for the 

system as a whole. However, none of the models did very well in fitting the equation representing 

migration from local to nonresident domiciles or for the equation that represented migration from 

nonresident to Alaskan nonlocal domiciles. None of the models provided a statistically significant fit for 

either of those equations. Model b did particularly poorly as a predictor of local to nonresident migrations. 

A negative value for an ex-sample R2 on that equation indicates that the sample mean of local-to- 

nonresident migrations would have provided better predictions than did model b.

Estimated values of the dependent variable for the sample (1999-2014) and ex-sample 

(2015-2018) periods were used to calculate estimates of the mean squared error for each equation for each 

period. (See Appendix B, Table B4). F-statistics and associated p-values testing whether the MSE over the 

ex-sample observations (2015-2018) are not significantly larger than the MSE over the observations used 

to fit the model (1999-2014) are reported in Appendix B (Table B5). With only one exception, the mean 

squared error for estimates of the dependent variable was not significantly worse on the 36 observations 

(2015-2018) reserved for model validation. The single exception is for forecasts of permit holders 

migrating from local-to-nonresident domiciles under model b. This result, together with the results of the 

goodness-of-fit over the ex-sample observations test reported in Appendix B (Table B5), led to the 

dismissal of model b from further consideration.
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An F-test on model components was used to compare competing simultaneous equation models 

based on relative differences in estimates of the system-weighted R2 over the ex-sample (2015-2018) 

observations based on coefficients estimated on the sample (1999-2014) observations. The estimated F- 

statistics are reported in Appendix B (Table B6). The results of this test indicate that the ex-sample sum 

of squared errors (SSE) for estimates based on model a is significantly smaller than the sum of squared 

errors on model c, model e, and model h. Also, the estimated SSE on model d is significantly smaller than 

the SSE on model e and model h. In addition, the sum of squared errors on model f and model g are 

significantly smaller than the SSE on model h. While these results provide a basis for dropping model c, 

model e, and model h from further consideration, we retained them for consideration in a test of forecast 

performance at the individual equation scale (Foster et al. 1995). For each of the six migration equations 

in each of the nine models, we considered the differences between the estimated ex-sample MSE for the 

model in row i and the estimated ex-sample MSE for the model in column j. These estimates are reported 

in Appendix B (Tables B7a-f). Statistically significant differences (at α = 0.05 using test statistic 

introduced above) are denoted by shaded cells. Interpretation of the values in Appendix B Tables B7a-f 

depends on whether the values are above or below the main diagonal. For values above the main 

diagonal, a positive value indicates that MSEi is larger than MSEj. So, for example, the values reported in 

the first row of Appendix B Table B7a, indicate that the MSEc is greater than MSEa, that is, model a 

provides a better fit to the ex-sample observations of permit migration from local to nonlocal domiciles. 

This same information can be derived from the values of ex-sample MSEa and ex-sample MSEc reported 

in Appendix B Table B4. Shading of the cell that includes the numerical difference between MSEc and 

MSEa indicates that the estimated difference is statistically significant at α = 0.05. Now, considering the 

last row of Appendix B (Table B7a), we see that model f has the smallest MSE for this equation. 

However, the differences between MSEf, MSEc, MSEb, and MSEe are not statistically significant, while 

those differences are statistically significant for model g. The rows and columns of each section of 

Appendix B Table B7a have been sorted from the worst model to the best model for that equation. Sadly, 
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no single model is best across all six equations. For example, model a is the best model for the two worst 

fitting equations (local-to-nonresident and nonresident-to-local). Other “best” models include model c, 

model d, model f, and model i. Model h repeats three times as the worst model. The other “worst models 

include model a, model b, and model c.

Drawing on the results reported in Appendix B Tables B3 to B7f, model selection can be narrowed 

to five candidate models, model a, model d, model f, model g, and model i; Appendix B Table B8 is an 

extract of Appendix B Tables B7a-f to help focus on these five models. Within this reduced set of candidate 

models, it is still hard to pick a “best” model. Both model a, the most complex model, and model i, the 

simplest model are each the worst fitting for two of the equations, but model a is also the best fitting for 

two equations and model i is the best fitting for one equation. Similarly, there is nothing in Appendix B 

Table B8 to rule out model d, model f, or model g. We also compared these models with Akaike weights, 

but there was too little contrast in performance on the sample (1999-2014) or ex-sample (2015-2018) data 

to provide clear guidance. We, therefore, determined to proceed with two preferred models, model a and 

model i. Coefficient estimates, goodness-of-fit statistics, and model diagnostics for these two models are 

included in the Selected Models section. Coefficient estimates based on the sample (1999-2014) 

observations are in Appendix C.

Selected Models

Coefficient estimates

Coefficient estimates and corresponding p-values for the preferred models are reported in Table 

3-2 and Table 3-3. The system-weighted R2 value for the model a increased from 0.485 to 0.493, with 990 

degrees of freedom and the system-weighted R2 value for the model i increased from 0.441 to 0.449, with 

1,044 degrees of freedom. Goodness-of-fit on the individual equations varied slightly. For model a, there 

were slight gains for the equations representing NL→L, NL→NR, and NR→L migrations and slight 

reductions for the other three migration patterns. For model i, there were slight gains in goodness-of-fit 

for L→NL, NL→L, NL→NR, and NR→L and small reductions for the other two equations. The model 
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coefficient estimates based on the whole dataset (1999-2018) and their statistical significance did not 

change appreciably from estimates obtained using the sample (1999-2014) observations. In the case of 

model a, there were sign (positive to negative or vice versa) changes for seven of the 90 coefficients. 

However, none of those coefficients were statistically significant for either set of observations. There 

were no sign changes for the estimated coefficients for model i. In addition, there were some changes in 

the statistical significance of the coefficient estimates. For model a, three coefficients gained statistical 

significance when the model was estimated on the whole (1999-2018) dataset and three coefficients that 

were statistically significant when the model was estimated on the sample (1999-2014) dataset lost 

statistical significance when estimated on the whole dataset. The differences in the statistical significance 

of coefficient estimates were more pronounced in the case of model i, where four coefficients lost 

statistical significance, and only one coefficient gained statistical significance. There were also some 

changes in the magnitude of the estimated coefficients. In the case of model i, seven of the 30 estimated 

coefficients changed by more than ±50%. In only two of those cases were the coefficients statistically 

significant, and even then, they were was not statistically significant when estimated on the whole dataset. 

Model a is more complex and, not surprisingly, presents a more complex set of changes between the 

coefficient estimates based on the sample observations and coefficient estimates based on the whole 

dataset. Over one-third of the estimated coefficients changed by more than 50% between estimates based 

on the sample dataset and the whole dataset. However, only three of these were statistically significant, 

one in the model estimated on the sample observations and two in the model estimated on the whole 

dataset. This high degree of consistency in model performance and estimates of the model coefficients 

across the sample observations and the full dataset lends credence to both models as reflective of 

underlying structural relationships rather than mere correlative relationship.
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Table 3-2. Coefficient estimates and p-values (in parentheses) for model a.

R2 = 0.493; 990 degrees of freedom. For ease of reference, coefficients with a p-value of less than 0.05 are bolded.

L → NL L → NR NL → L NL → NR NR → L NR → NL
Intercept 8.763 1.709 1.992 2.789 -0.283 2.533

(< 0.01) (0.522) (0.356) (0.252) (0.878) (0.134)
Revenue -3.64E-06 -2.00E-05 3.58E-06 4.69E-07 -1.00E-05 -1.47E-06

(0.626) (< 0.01) (0.466) (0.933) (0.018) (0.702)
Transfers -8.899 -3.708 -1.451 -3.208 0.246 0.525

(0.025) (0.251) (0.578) (0.276) (0.912) (0.797)
Wage -0.147 0.021 -0.082 -0.084 -4.78E-03 -0.100

(0.144) (0.795) (0.216) (0.264) (0.932) (0.054)
Price 0.476 0.498 0.550 0.246 0.646 0.374

(0.447) (0.330) (0.184) (0.597) (0.068) (0.247)
UR -7.283 -9.483 8.099 4.540 4.224 4.634

(0.421) (0.200) (0.175) (0.500) (0.406) (0.321)
Days -6.46E-03 0.012 -1.83E-03 -8.15E-03 0.015 -2.53E-03

(0.439) (0.081) (0.739) (0.191) (< 0.01) (0.557)
PV -1.00E-05 -8.33E-06 -7.83E-06 -1.21E-06 -5.58E-06 -4.24E-07

(0.015) (0.037) (0.016) (0.738) (0.043) (0.866)
Latency -2.601 -2.834 -0.787 0.162 -1.700 -0.422

(0.291) (0.159) (0.627) (0.929) (0.220) (0.740)
drift×latency -1.488 -6.585 -1.497 2.800 -4.286 1.371

(0.726) (0.059) (0.594) (0.377) (0.075) (0.532)
Permits 4.79E-03 1.68E-03 3.32E-03 3.73E-03 1.12E-03 2.04E-03

(< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01)
Drift -1.280 1.525 -0.451 -0.979 1.159 -0.425

(0.116) (0.022) (0.399) (0.106) (0.012) (0.311)
Farmed -6.41E-07 1.34E-07 1.88E-08 -1.22E-07 -3.93E-08 -2.10E-07

(0.034) (0.585) (0.924) (0.584) (0.816) (0.176)
Dual -2.455 -0.469 -2.312 1.349 -0.333 0.511

(0.020) (0.584) (< 0.01) (0.085) (0.572) (0.345)
Stack -0.997 -0.902 -0.596 -0.478 -0.523 -0.112

(0.149) (0.110) (0.191) (0.352) (0.179) (0.752)

Table 3-3. Coefficient estimates and p-values (in parentheses) for model i.
L → NL L → NR NL → L NL → NR NR → L NR → NL

Intercept 0.845 0.840 -0.292 -0.248 0.376 -0.271
(0.098) (0.054) (0.371) (0.502) (0.215) (0.290)

Price 0.303 0.163 0.820 0.265 0.361 0.276
(0.526) (0.689) (< 0.01) (0.445) (0.204) (0.251)

PV -7.46E-06 -5.69E-06 -4.27E-06 -8.76E-07 -4.68E-06 -9.58E-08
(0.048) (0.077) (0.077) (0.748) (0.037) (0.960)

Permits 5.34E-03 2.33E-03 3.33E-03 3.76E-03 1.39E-03 2.11E-03
(< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01)

Drift -1.449 0.842 -0.616 -0.799 0.843 -0.439
(< 0.01) (0.010) (0.012) (< 0.01) (< 0.01) (0.023)

Dual -3.550 -2.844 -2.355 1.833 -1.825 0.659
(< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01) (0.129)

R2 = 0.449; 1,044 degrees of freedom. For ease of reference, coefficients with a p-value of less than 0.05 are bolded.

Summary statistics

Summary statistics for model a and model i are reported in Tables 3-4 and 3-5.
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Table 3-4. Summary statistics for model a based on coefficients estimated using the whole dataset.
L → NL L → NR NL → L NL → NR NR → L NR → NL system

mean 2.261 1.833 1.372 1.622 1.267 0.911 1.54
observations (n) 180 180 180 180 180 180 1,080
coefficients (k) 15 15 15 15 15 15 90
Average Error -0.157 0.234 0.000 0.000 0.000 0.000 0.013
MAD 1.339 1.183 0.905 0.931 0.838 0.656 0.975
SST 1,665 769 654 1,384 369 465 5,306
SSE 694 472 299 381 218 183 2,246
MSE 4.230 2.875 1.825 2.324 1.328 1.117 2.271
RMSE 2.057 1.696 1.351 1.524 1.152 1.057 1.507
cv 0.910 0.925 0.984 0.940 0.910 1.160 0.976
R2 0.583 0.387 0.542 0.725 0.410 0.606 0.577
AICc 2.638 2.253 1.798 2.039 1.480 1.307 2.005
F-score (model fit) 16.499* 7.433* 13.975* 31.029* 8.201* 18.114* 15.150*
* denotes p-value ≤ 0.001.

Table 3-5. Summary statistics for model i based on coefficients estimated using the whole dataset.
L → NL L → NR NL → L NL → NR NR → L NR → NL system

mean 2.261 1.833 1.372 1.622 1.267 0.911 1.54
observations (n) 180 180 180 180 180 180 1,080
coefficients (k) 6 6 6 6 6 6 36
Average Error 0.000 0.000 0.000 0.000 -0.001 0.000 0.000
MAD 0.000 0.000 0.000 0.000 -0.001 0.000 0.000
SST 1,665 769 654 1,384 369 465 5,306
SSE 755 548 310 397 267 191 2,468
MSE 4.366 3.170 1.790 2.296 1.541 1.103 2.366
RMSE 2.089 1.780 1.338 1.515 1.241 1.050 1.538
cv 0.924 0.971 0.975 0.934 0.980 1.153 0.996
R2 0.546 0.287 0.527 0.713 0.278 0.589 0.535
AICc 2.555 2.235 1.663 1.913 1.514 1.180 1.932
F-score (model fit) 41.903* 13.998* 38.719* 86.489* 13.407* 49.888* 34.302*
* denotes p-value ≤ 0.001.

Although both models perform well, model a has higher values of R2 for all six equations and the 

system as a whole, while model i has smaller values of the Akaike Information Criterion (AICc) which 

down-weights model fit based on model complexity. Measures of the relative performance of the two 

models are reported in Table 3-6.
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Table 3-6. Statistical test of difference in MSEa and MSEi based on coefficients estimated using the 
whole dataset.

L → NL L → NR NL → L NL → NR NR → L NR → NL system
A(AIC) -0.083 -0.017 -0.134 -0.127 0.034 -0.127 -0.072
model likelihood 0.959 0.991 0.935 0.939 0.983 0.939 0.964
Akaike weights 0.490 0.506 0.477 0.479 0.502 0.479 0.492
Evidence ratio 1.042 1.009 1.069 1.066 1.017 1.065 1.037
F-score (a vs i) 1.629 2.987* 0.634 0.776 4.110* 0.779 1.808*
* denotes p -value ≤ 0.05.

While model i is much simpler than model a (36 coefficients rather than 90 coefficients), the 

difference in AICc is not statistically significant. However, from the perspective of an F-test on 

differences in MSEa and MSEi, model i provides a significantly worse fit to the equations representing 

migrations from L→NL, NL→L, NL→NR, and NR→NL. It is noteworthy that neither model does very 

well on the other two equations and that for the system as a whole, the performance of model i is not 

significantly worse than the overall fit of model a. Model diagnostics for the six equations in model a are 

represented in Figure 3-7a-f. Model diagnostics for the six equations in model i are represented in Figure 

3-8a-f.
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Figure 3-7. Model diagnostics for model a of the six equations.
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Figure 3-8. Model diagnostics for model i of the six equations.
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Normalized coefficient estimates

Because the magnitude of regression coefficients depends on the scale of the corresponding 

variables, it is difficult to judge their relative influence by merely inspecting the coefficients. To address 

this, coefficient estimates bj can be rescaled as changes in the normalized dependent variable for a one- 

standard-deviation change in the explanatory variable:

Table 3-7. Beta weights for model a.
L → NL L → NR NL → L NL → NR NR → L NR → NL

revenue -0.043 -0.346 0.067 0.006 -0.250 -0.033
transfers -0.123 -0.076 -0.032 -0.049 0.007 0.014
wage -0.098 0.021 -0.087 -0.061 -0.007 -0.126
price 0.057 0.088 0.105 0.032 0.164 0.085
UR -0.048 -0.091 0.084 0.032 0.058 0.057
days -0.053 0.144 -0.024 -0.073 0.263 -0.039
PV -0.171 -0.210 -0.214 -0.023 -0.203 -0.014
latency -0.085 -0.136 -0.041 0.006 -0.118 -0.026
drift×latency -0.041 -0.266 -0.066 0.084 -0.250 0.071
permits 0.875 0.452 0.965 0.746 0.435 0.705
drift -0.209 0.367 -0.118 -0.175 0.402 -0.131
farmed -0.144 0.044 0.007 -0.030 -0.019 -0.089
dual -0.223 -0.063 -0.335 0.134 -0.064 0.088
stack -0.085 -0.113 -0.081 -0.045 -0.094 -0.018
Bold typeface denotes beta weights for coefficients with p-value ≤ 0.05.
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*
where bj is the normalized coefficient, sxj is the standard deviation of observations on xj, and sy is the 

standard deviation of observations of the dependent variable. These normalized coefficients, also called 

beta weights are scale-free indicators of the relative influence of the explanatory variables. Beta weights 

can be computed by multiplying each coefficient by the ratio of the standard deviation of the 

corresponding explanatory variable to the standard deviation of the dependent variable. Beta weights for 

model a and model i are reported in Table 3-7 and Table 3-8.



Table 3-8. Beta weights for model i.

price
L → NL
0.036

L → NR
0.029

NL → L
0.157

NL → NR
0.035

NR → L
0.092

NR → NL
0.063

PV -0.128 -0.143 -0.117 -0.016 -0.170 -0.003
permits 0.974 0.626 0.969 0.752 0.539 0.727
drift -0.237 0.202 -0.160 -0.143 0.292 -0.136
dual -0.323 -0.380 -0.341 0.183 -0.352 0.113
Bold typeface denotes beta weights for coefficients with p-value ≤ 0.05.

Findings

In both of the selected models, the statistically significant coefficients are also the coefficients 

with the greatest relative influence in the models. The coefficients on permits have the largest beta 

weights in all equations in both models. This does not mean that that the number of permits drives year- 

to-year variation in the number of permit holders who migrate. Instead, it indicates that when permit 

numbers are increased, migrations increase, and fisheries with more permits experience a greater number 

of migrations.

Coefficient interpretation

To understand the results, it is essential to remember that the model represents six patterns of 

permit holder migration for set gillnet and drift gillnet fisheries scattered across Alaska. The intercept 

values can be interpreted as the average number of set gillnet permit holders who would migrate each 

year if all of the explanatory variables were zero. Under those circumstances, for model a, on average, 

one would expect to see 8.76 local set gillnet permit holders migrate to a nonlocal Alaskan domicile, 1.71 

local set gillnet permit holders to migrate out of Alaska, 1.99 nonlocal set gillnet permit holders to 

migrate to the management area of the fishery, 2.69 nonlocal set gillnet permit holders to migrate out of 

state, -0.28 nonresident set gillnet permit holders to migrate to the management area of the fishery, and 

2.533 nonresident set gillnet permit holders to migrate to a nonlocal domicile in Alaska. However, except 

for the L→NL equation, none of the estimated intercepts is significantly different from zero. The same is 

true for estimates of the equation intercept coefficients for model i. The coefficients of the drift 

categorical variable represent the difference between baseline migrations of set gillnet and drift gillnet
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permit holders. The baseline levels of the annual migration of drift gillnet permit holders can be obtained 

by summing the intercepts and “drift” coefficients. For model a, the estimates suggest that on average 

8.76 - 1.28 = 7.48 local drift gillnet permit holders migrate to a nonlocal domicile, 3.23 local drift gillnet 

permit holders to migrate out of state, 1.54 nonlocal drift gillnet permit holders migrate to within the 

management area of the fishery, 1.81 nonlocal drift gillnet permit holders to migrate out of state, 0.88 

nonresident drift gillnet permit holders to migrate to within the management area of the fishery, and 2.11 

nonresident drift gillnet permit holders to migrate to a domicile in Alaska that is outside the management 

area of the fishery. The estimated intercept and drift coefficients for model i can be summed to form 

baseline estimates for migration of drift gillnet permit holders. However, in no case for either model is the 

estimated drift gillnet permit migration baseline significantly different from zero. For each model, all of 

these 12 baseline migration numbers are modified by the sumproduct of the coefficients and their 

corresponding variables.

Both models include a second categorical variable that represents the marginal effect of dual 

permit regulation on the baseline number of permit migrations. Model a includes a third categorical 

variable to represent the marginal effect of permit stacking regulation. These categorical variables account 

for shifts the baseline number of permit migrations coincident with implementation of the dual permit and 

permit stacking regulations. Combinations of the intercept and coefficients on the categorical variables 

are presented in Table 3-9 and Table 3-10.

Table 3-9. Baseline migration by gear and regulatory regime for model a.
L → NL L → NR NL → L NL → NR NR → L NR → N

set gillnet baseline 8.763 1.709 1.992 2.789 -0.283 2.533
drift gillnet baseline 7.483 3.234 1.541 1.810 0.875 2.108
set gillnet w/ dual 6.308 1.240 -0.320 4.138 -0.616 3.044
drift gillnet with dual 5.028 2.765 -0.771 3.159 0.542 2.619
set gillnet w/ stack 7.766 0.806 1.396 2.311 -0.806 2.421
drift gillnet with stack 6.486 2.331 0.945 1.332 0.353 1.996
set gillnet w/ dual+stack 5.310 0.337 -0.916 3.660 -1.139 2.932
drift gillnet with dual+stack 4.030 1.863 -1.367 2.681 0.020 2.507
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Table 3-10. Baseline migration by gear and regulatory regime for model i.
L → NL L → NR NL → L NL → NR NR → L NR → N

set gillnet baseline 0.845 0.840 -0.292 -0.248 0.376 -0.271
drift gillnet baseline -0.603 1.681 -0.907 -1.047 1.218 -0.710
set gillnet w/ dual -2.705 -2.004 -2.646 1.585 -1.449 0.388
drift gillnet with dual -4.154 -1.162 -3.262 0.786 -0.607 -0.051
set gillnet w/ stack 0.845 0.840 -0.292 -0.248 0.376 -0.271
drift gillnet with stack -0.603 1.681 -0.907 -1.047 1.218 -0.710
set gillnet w/ dual+stack -2.705 -2.004 -2.646 1.585 -1.449 0.388
drift gillnet with dual+stack -4.154 -1.162 -3.262 0.786 -0.607 -0.051

The two models share some similarities in their estimates of the coefficients of other explanatory 

variables. In both models, increases in the total number of permits (permits) is estimated to lead to 

increases in all classes of permit holder migrations. While changes in the number of permits have 

occurred, the role of this variable is to account for differences in the number of permits across the nine 

fisheries considered. Its interpretation is simply that a fishery with more total permits is generally 

characterized by more significant numbers of permit holder migrations. Increases in real permit value 

(PV) lead to statistically significant reductions in the number of permit holder migrations for five 

categories of migrations under model a (all except NR→NL), and L→NL and NR→L for model i. For 

example, the model a predicts that for a $10,000 increase in real permit value, the number of permit 

holder migrations from L→NL declines by 0.1 persons. For the same conditions, model i projects a 

decrease of 0.08 migrations. In both models. However, the estimated influence of transfers is not 

significantly different from zero except for permit holder migration from L→NL. In that case, a one 

percentage point increase in the permit transfer rate is expected to reduce the number of permit holder 

migrations by an average of 0.12 persons per year. Longer seasons reflected in increased numbers of days 

are associated with statistically significant increases in the number of permit holders migrating from 

NR→L. For each of the other migration patterns, the effect of increased season length is small and not 

significantly different from zero. The coefficients on the rate of permit participation in the fishery 

(latency), should be understood to represent the effect of latency on the migration of set gillnet permit 

holders. The effect of permit participation rates on the migration of drift gillnet permit holders is 

represented by the sum of the coefficients on latency and drift × latency. For example, a one percentage
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point increase in the latency rate is expected to lead to a 2.6-person reduction in the number of set gillnet 

permit holders migrating from L→NL and a 2.601 + 1.488 = 4.089 person reduction in the number of drift 

gillnet permit holders migrating from L→NL. Model a, includes revenue as an explanatory variable. 

However, it is only statistically significant for the two equations that were fit poorly in both models 

(L→NR and NR→L). Increases in the fraction of LEPs transferred through sale, gift, or exchange are 

associated with reductions in the number of LEP holders who migrate. However, the effect is statistically 

significant in the case of L→NL only. Both models suggest that the implementation of dual permit 

regulation is associated with reductions in the number of permit holder migrations in some categories. For 

model i, the reductions are statistically significant for L→NL, L→NR, NL→L, and NR→L. For model a, 

the reductions are statistically significant for L→NL, and NL→L. Both models indicate that 

implementation of dual permit regulation is associated with increased permit migration for NL→NR, but 

the effect is not statistically significant. Model fit diagnostics for model a and model i are reported in 

Appendix C. Graphs representing the fit of each equation of each model for each of the nine fisheries are 

presented in Appendix D. Figure 3-9a-f represents the fit of the two models across the four drift gillnet 

fisheries for each of the six migration patterns. Figure 3-10a-f represents the fit of the two models 

summed across the five set gillnet fisheries for each of the six migration patterns. Figure 3-11a-f 

represents the summary of net migration from L, NL, and NR categories for the four drift gillnet (a-c) and 

five set gillnet (d-f) fisheries.

103



Figure 3-9. Migration of drift gillnet permit holders summed across the Southeast Alaska (S 03A), Prince 
William Sound (S 03E), Alaska Peninsula (S 03M), and Bristol Bay (S 03T) fisheries. Observed 
migrations are denoted with crosses; estimates based on model a are represented by solid red lines, 
estimates based on model i are represented by dashed green lines.
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Figure 3-10. Migration of set gillnet permit holders summed across the Yakutat (S 04D), Prince William 
Sound (S 04E), Kodiak (S 04K), Alaska Peninsula (S 04M), and Bristol Bay (S 04T) fisheries. Observed 
migrations are denoted with crosses; estimates based on model a are represented by solid red lines, 
estimates based on model i are represented by dashed green lines.
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Figure 3-11. Net migration (L, NL, and NR) of drift gillnet permit holders summed across the Southeast 
Alaska (S 03A), Prince William Sound (S 03E), Alaska Peninsula (S 03M), and Bristol Bay (S 03T) 
fisheries and net migration of set gillnet permit holders summed across the Yakutat (S 04D), Prince 
William Sound (S 04E), Kodiak (S 04K), Alaska Peninsula (S 04M), and Bristol Bay (S 04T) fisheries. 
Observed migrations are denoted with crosses; estimates based on model a are represented by solid red 
lines, estimates based on model i are represented by dashed green lines.

In general, the forecasts from model a more closely track the interannual variation in migration. 

This is due to the inclusion of additional variables in model a that help account for the observed variation 

in migration. While these models may only weakly provide explanations as to why people migrate, the 

resulting values do illustrate some of the propensities that inform us of migration patterns. Migration 
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patterns are similar in the drift gillnet and set gillnet fisheries. Over time, fewer and fewer local permit 

holders are migrating, probably because there are fewer and fewer local permit holders who could 

migrate. In addition, over time, there has been an increase in the net migration of nonlocal permit holders, 

especially among drift gillnet permit holders. In contrast, the net migration of nonresident permit holders 

has been consistently negative throughout the time series. That is, the nonresident category is a sink for 

drift gillnet and set gillnet permits. The migration of permits out of state was initially fueled by 

migrations of local permit holders and, more recently, by the migration of nonlocal permit holders.

Conditional Forecasts

It can be helpful to scale the results around the historical (1999-2018) mean values of the 

explanatory variables. The mean values of the variables included in model a are listed in Table 3-11). The 

mean values of the variables included in model i are listed in Table 3-12. Conditional estimates of the 

mean annual number of each of the six permit migration patterns for each fishery are reported in Table 

3-13 for model a and Table 3-14 for model i.

Table 3-11. Mean (1999-2018) values of variables included in model a
revenue transfers wage price UR days PV

Drift gillnet, Southeast Alaska (S 03A) $57,077 7.72% $26.43 $0.71 6.29% 135.75 $69,972
Drift gillnet, Prince William Sound (S 03E) $79,825 6.77% $26.43 $1.39 9.00% 105.90 $128,013
Drift gillnet, Alaska Peninsula (S 03M) $108,677 8.76% $24.98 $0.98 6.67% 91.05 $117,008
Drift gillnet, Bristol Bay (S 03T) $84,084 9.26% $24.98 $0.98 7.02% 74.60 $106,768
Set gillnet, Yakutat (S 04D) $18,139 8.90% $26.43 $0.97 9.32% 85.55 $23,034
Set gillnet, Prince William Sound (S 04E) $78,554 10.50% $26.43 $1.43 9.00% 48.25 $111,511
Set gillnet, Kodiak (S 04K) $51,868 15.76% $24.98 $0.77 7.13% 91.50 $84,600
Set gillnet, Alaska Peninsula (S 04M) $62,395 8.38% $24.98 $0.87 6.67% 96.25 $72,496
Set gillnet, Bristol Bay (S 04T) $31,939 9.64% $24.98 $0.94 7.02% 78.90 $34,865
Overall mean $63,618 9.52% $25.62 $1.00 7.57% 89.75 $83,141

latency
drift× 
latency permits drift farmed dual stack

Drift gillnet, Southeast Alaska (S 03A) 13.30% 13.28% 472.0 1 $1,673,570 0 0
Drift gillnet, Prince William Sound (S 03E) 4.19% 4.19% 536.3 1 $1,673,570 0 0
Drift gillnet, Alaska Peninsula (S 03M) 15.91% 15.91% 159.4 1 $1,673,570 0 0
Drift gillnet, Bristol Bay (S 03T) 18.47% 18.47% 1855.1 1 $1,673,570 0.75 0
Set gillnet, Yakutat (S 04D) 31.54% 0% 166.4 0 $1,673,570 0 0.35
Set gillnet, Prince William Sound (S 04E) 6.58% 0% 29.4 0 $1,673,570 0 0
Set gillnet, Kodiak (S 04K) 19.12% 0% 188.0 0 $1,673,570 0 0.15
Set gillnet, Alaska Peninsula (S 04M) 19.44% 0% 112.3 0 $1,673,570 0 0
Set gillnet, Bristol Bay (S 04T) 13.84% 0% 984.5 0 $1,673,570 0 0.150
Overall mean 15.82% 5.76% 500.4 0.44 $1,673,570 0.08 0.07
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Table 3-12. Mean (1999-2018) values of variables included in model i.
price PV permits drift dual

Drift gillnet, Southeast Alaska (S 03A) $0.71 $69,972 472.0 1 0
Drift gillnet, Prince William Sound (S 03E) $1.39 $128,013 536.3 1 0
Drift gillnet, Alaska Peninsula (S 03M) $0.98 $117,008 159.4 1 0
Drift gillnet, Bristol Bay (S 03T) $0.98 $106,768 1,855.1 1 0.75
Set gillnet, Yakutat (S 04D) $0.97 $23,034 166.4 0 0
Set gillnet, Prince William Sound (S 04E) $1.43 $111,511 29.4 0 0
Set gillnet, Kodiak (S 04K) $0.77 $84,600 188.0 0 0
Set gillnet, Alaska Peninsula (S 04M) $0.87 $72,496 112.3 0 0
Set gillnet, Bristol Bay (S 04T) $0.94 $34,865 984.5 0 0
Overall mean $1.00 $83,141 500.4 0.44 0.08

Table 3-13. Expected annual permit holder migration when each explanatory variable included in model a 
is set to equal its historic (1999-2018) mean.

L → NL L → NR NL → L NL → NR NR → L NR → NL
Drift gillnet

Southeast Alaska (S 03A) 1.657 2.929 0.865 0.602 2.248 0.338
S 03A with dual permit -0.798 2.460 -1.447 1.951 1.915 0.849

Prince William Sound (S 03E) 2.076 2.716 1.572 1.075 2.413 0.773
Alaska Peninsula (S 03M) -0.099 0.226 -0.055 0.014 0.483 0.009
Bristol Bay (S 03T) 8.153 3.168 5.553 6.550 2.306 3.595

S 03T with dual permit 5.698 2.699 3.241 7.899 1.973 4.106
Set gillnet

Yakutat (S 04D) 1.926 -0.462 0.573 1.590 -0.155 0.758
Prince William Sound (S 04E) 1.855 1.254 0.959 0.613 0.849 0.344
Kodiak (S 04K) 1.242 -0.550 0.287 0.948 -0.178 0.598

S 04K with permit stacking 0.245 -0.193 -0.022 -0.065 0.119 0.224
Alaska Peninsula (S 04M) 1.660 -0.394 0.277 0.896 -0.222 0.401
Bristol Bay (S 04T) 6.482 2.272 3.563 4.149 1.409 2.282

S 04T with permit stacking 5.485 2.281 3.175 3.284 1.479 1.980
Overall mean

Set gillnet 3.349 0.364 1.658 2.261 0.387 1.203
Drift gillnet 1.834 1.889 1.207 1.282 1.545 0.778
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Table 3-14. Expected annual permit holder migration when each explanatory variable included in model i
is set to equal its historic (1999-2018) mean.

L → NL L → NR NL → L NL → NR NR → L NR → NL
Drift gillnet
Southeast Alaska (S 03A) 1.612 2.499 0.952 0.854 1.806 0.474

S 03A with dual permit -1.939 -0.344 -1.403 2.687 -0.019 1.134
Prince William Sound (S 03E) 1.727 2.429 1.472 1.224 1.867 0.790
Alaska Peninsula (S 03M) -0.329 1.546 -0.075 -0.292 1.245 -0.116
Bristol Bay (S 03T) 8.804 5.557 5.616 6.090 3.654 3.456

S 03T with dual permit 5.253 2.713 3.261 7.922 1.829 4.115
Set gillnet
Yakutat (S 04D) 1.855 1.254 0.959 0.613 0.849 0.344
Prince William Sound (S 04E) 0.602 0.506 0.500 0.142 0.409 0.173
Kodiak (S 04K) 1.450 0.921 0.602 0.587 0.518 0.328

S 04K with permit stacking 1.450 0.921 0.602 0.587 0.518 0.328
Alaska Peninsula (S 04M) 1.166 0.830 0.483 0.339 0.505 0.197
Bristol Bay (S 04T) 6.127 3.088 3.606 3.669 1.921 2.057

S 04T with permit stacking 6.127 3.088 3.606 3.669 1.921 2.057
Overall mean
Set gillnet 3.201 1.696 1.842 1.825 1.045 1.051
Drift gillnet 1.752 2.538 1.226 1.026 1.888 0.612

These results can be recombined to yield estimates of permit holder total net migration for local, 

nonlocal, and nonresident regions for set gillnet and drift gillnet permits. The conditional estimates based 

on model a are listed in Table 3-15. The conditional estimates based on model i are listed in Table 3-16.

Table 3-15. Changes in expected annual permit holdings due to migration by residency category when 
each explanatory variable included in model a is set to equal its historic (1999-2018) mean. Negative 
values indicate net outmigrations.

Local Nonlocal Nonresident
Drift gillnet

Southeast Alaska (S 03A) -1.473 0.529 -0.944
S 03A with dual permit -1.194 -0.452 1.646

Prince William Sound (S 03E) -0.808 0.203 0.605
Alaska Peninsula (S 03M) 0.302 -0.050 -0.252
Bristol Bay (S 03T) -3.462 -0.354 3.816

S 03T with dual permit -3.183 -1.336 4.519
Set gillnet

Yakutat (S 04D) -1.046 0.521 0.526
Prince William Sound (S 04E) -0.328 0.433 -0.105
Kodiak (S 04K) -0.583 0.605 -0.022

S 04K with permit stacking 0.045 0.556 -0.601
Alaska Peninsula (S 04M) -1.212 0.888 0.323
Bristol Bay (S 04T) -3.783 1.052 2.731

S 04T with permit stacking -3.112 1.007 2.106
Overall mean

Set gillnet -1.668 0.633 1.035
Drift gillnet -0.971 0.123 0.848
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Table 3-16. Expected annual permit holder migration by residency category when each explanatory 
variable included in model i is set to equal its historic (1999-2018) mean. Negative values indicate net 
outmigrations.

Local Nonlocal Nonresident
Drift gillnet

Southeast Alaska (S 03A) 1.353 -0.280 -1.074
S 03A with dual permit -0.861 2.090 -1.229

Prince William Sound (S 03E) 0.816 0.179 -0.995
Alaska Peninsula (S 03M) 0.046 0.079 -0.125
Bristol Bay (S 03T) 5.091 -0.555 -4.537

S 03T with dual permit 2.877 1.815 -4.692
Set gillnet

Yakutat (S 04D) 1.301 -0.627 -0.674
Prince William Sound (S 04E) 0.198 -0.133 -0.065
Kodiak (S 04K) 1.251 -0.589 -0.662

S 04K with permit stacking 1.251 -0.589 -0.662
Alaska Peninsula (S 04M) 1.008 -0.541 -0.467
Bristol Bay (S 04T) 3.689 -0.909 -2.780

S 04T with permit stacking 3.689 -0.909 -2.780
Overall mean

Set gillnet 2.010 -0.585 -1.425
Drift gillnet -1.038 2.257 -1.219

Figure 3-12a-f represents the summary of net migration from L, NL, and NR categories for the 

Southeast Alaska (Figures 3-12a-c) and Bristol Bay (Figures 3-12d-f) drift gillnet fisheries as estimated 

using model a. In both fisheries, dual permit regulation is estimated to lead to a small reduction in the net 

migration of permit holders from the region of the fishery (Figure 3-12a and Figure 3-12d). The model 

also indicates that dual permit regulation is associated with a modest increase in the net migration of 

permits from nonlocal Alaskan regions (Figure 3-12b and Figure 3-12c). In addition, the model indicates 

a small decrease in net migration of nonresident permit holders. However, even with dual permit 

regulation in place, the model predicts that the number of drift gillnet permit holders migrating away from 

Alaska will exceed the number of drift gillnet permit holders migrating back to Alaska (Figure 3-12c and 

Figure 3-12d).
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Figure 3-12. Estimated impact, based on model a, of dual permit regulation on the net migration (L, NL, 
and NR) of drift gillnet permit holders in the Southeast Alaska (S 03A) and Bristol Bay (S 03T) fisheries. 
Observed migrations are denoted with crosses; model estimates without dual permit regulation are 
represented as solid red lines; estimates with dual permit regulation are represented by dashed green lines.

Figure 3-13a-f represents the summary of net migration from L, NL, and NR categories for the

Kodiak (Figures 3-13a-c) and Bristol Bay (Figures 3-13d-f) set gillnet fisheries as estimated using 

model a. In both fisheries, permit stacking regulation is estimated to lead to a reduction in the net
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migration of permit holders from the region of the local region (Figure 3-13a and Figure 3-13d). The 

model also indicates that dual permit regulation had a nearly indiscernible effect on nonlocal net 

migrations (Figure 3-13b and Figure 3-13c). Also, the model suggests that permit stacking leads to a 

decrease in net migration of nonresident permit holders (Figure 3-13c and Figure 3-13d).

Figure 3-13. Estimated impact, based on model a, of permit stacking regulation on the net migration (L, 
NL, and NR) of set gillnet permit holders in the Kodiak (S 04K) and Bristol Bay (S 04T) fisheries. 
Observed migrations are denoted with crosses; model estimates without dual permit regulation are 
represented as solid red lines; estimates with dual permit regulation are represented by dashed green lines.
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The importance of estimating these six migration patterns as a system is evident from the 

magnitude of the cross-model covariance matrix. If the equations were independent, all off-diagonal 

elements of the cross-model covariance matrix would be zero. The cross-model covariance matrix can be 

rescaled as a cross-model correlation matrix (Tables 3-17 and 3-18). While many of the off-diagonal 

correlations are small, most of the off-diagonal correlations are statistically significant, and many are 

substantial, meaning that the fit of each equation is informed by the fit of all other equations.

Table 3-17. Cross-model correlation matrix for the preferred model a.
L → NL L → NR NL → L NL → NR NR → L NR → NL

L → NL 0.096* 0.377* 0.381* 0.024 0.093*
L → NR 0.096* -0.033 0.057 0.126* -0.093*
NL → L 0.377* -0.033 0.165* 0.124* 0.042
NL → NR 0.381* 0.057 0.165* -0.052 0.197*
NR → L 0.024 0.126* 0.124* -0.052 0.027
NR → NL 0.093* -0.093* 0.042 0.197* 0.027
* denotes correlations that are significantly different from zero at α = 0.05

Table 3-18. Cross-model correlation matrix for the preferred model i.
L → NL L → NR NL → L NL → NR NR → L NR → NL

L → NL 0.125* 0.377* 0.385* 0.041 0.105*
L → NR 0.125* -0.024 0.014 0.252* -0.118*
NL → L 0.377* -0.024 0.174* 0.125* 0.056
NL → NR 0.385* 0.014 0.174* -0.092* 0.215*
NR → L 0.041 0.252* 0.125* -0.092* 0.008
NR → NL 0.105* -0.118* 0.056 0.215* 0.008
* denotes correlations that are significantly different from zero at α = 0.05

Discussion

Limited Entry was introduced to help ensure the conservation of fishery resources and to help 

prevent economic distress among fishermen and in fishery-dependent communities. Although there is 

general agreement that Limited Entry has helped prevent overfishing (Clark et al. 2006, Benshoof and 

Baek 2014), there has been concern that Limited Entry has contributed to an erosion in local participation 

in some fisheries (Knapp 2011). Regional redistribution of permit holdings occurs through permit 

transfers (sales or gifts) of permits to fishermen who reside outside the region where the fishery occurs, 
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through administrative cancellations, or because permit holders emigrate from or immigrate to the region 

where the fishery occurs. This chapter has focused on factors and conditions that predispose local holders 

of salmon set gillnet and drift gillnet LEPs to migrate into or away from communities proximate to the 

fishery, other regions of Alaska, and the rest of the U.S. We found that there are statistically significant 

differences in the annual numbers of LEP holders who migrate depending on the type of gear, season 

length, the total number LEPs in the fishery, the market value of the LEP, the fraction of LEPs transferred 

per year, and the fraction of LEPs that were not fished. Although it was expected that regional differences 

in mean wage rates, unemployment rates, and ex-vessel prices would also help account for observed 

differences in migration, it turned out that those variables were not statistically significant. We found that 

from 1999-2018, for eight of the nine fisheries examined, the observed net outmigration of local permits 

is too large and too consistent to be dismissed as random variation. The exception was a small (0.13 LEPs 

per year) net migration into the Alaska Peninsula drift gillnet fishery. We also found that, in five of the 

nine fisheries examined, the observed net outmigration of nonlocal permits was too large and too 

consistent to be dismissed as random variation. This has resulted in an overall decline in Alaskan nonlocal 

holdings of set gillnet LEPs, but overall increases in Alaskan nonlocal holdings of drift gillnet permits. 

Across all nine fisheries, our analysis found evidence that the increase in the number of permit holders 

moving from Alaska to other states is too large and too consistent to be dismissed as random variation. 

Increases in the fraction of LEPs transferred were associated with decreases in the number of permit 

holders who migrated from local to nonlocal Alaskan domiciles. Increases in season length corresponded 

to a reduction in the number of permit migrations from local to nonlocal, non-local to local, nonlocal to 

nonresident, and nonresident to nonlocal, but corresponded to increases in the number of migrations from 

local to nonresident and from nonresident to nonlocal. Increases in LEP value are associated with 

statistically significant decreases in the number of permit migrations from local to nonlocal, local to 

nonresident, nonlocal to local, and nonresident to nonlocal; the effect on increases in LEP value did not 

have a statistically significant influence on the number of permit migrations from nonlocal to nonresident 

or from nonresident to nonlocal. Increases in the total number of LEPs in each fishery are associated with 
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an increased number of permit migrations. While this is not surprising, it indicates changes in the number 

of permits need to be accounted for before we try to interpret the influence of other explanatory variables. 

Increases in the fraction of unfished LEPs are associated with statistically significant decreases in the 

number of LEP migrations from local to nonlocal in both the set gillnet and drift gillnet fisheries, and 

from local to nonresident, nonlocal to local, and nonresident to local in the drift gillnet fisheries, but have 

an opposite and statistically significant effect on LEP migrations from nonlocal to nonresident in the drift 

gillnet fishery. While this analysis accounts for some changes in permit holdings as a result of migrations, 

when considering total net changes, it is important to also consider transfers of permits as an important 

aspect of the changes in the distribution of LEPs.

While these models may only weakly provide explanations as to why people migrate, the 

resulting values do illustrate some of the propensities that inform us of migration patterns. Anecdotally, 

many commercial fishermen who return each summer to Bristol Bay, Kodiak, or elsewhere to Alaska 

either from urban centers or out of state still consider their natal lands to be where they identify as home 

even if the majority of the year they reside elsewhere. In addition to better job prospects, many other 

reasons motivate migrations that include increases in services that are more abundantly found in urban 

areas such as medical care, costs of housing, and other such amenities. Because of a lack of available data 

that could be used for modeling, a more thorough analysis could be undertaken through surveys and 

interviews.

By 1977, work on the Trans-Alaska Pipeline came to completion. The pipeline brought many new 

revenues to the state of Alaska. In 1982, the Alaska Permanent Fund Dividend (PFD) was first given to 

Alaskans. The increases in state government funding also resulted in the addition of many transfer 

payments. Anecdotally, many long time commercial fishermen have said that people in rural Alaska did 

just fine before the PFD was issued. These changes in revenue streams may have affected migration 

patterns of local, rural permit holders that cannot be observed due to the duration of the dataset.

Whatever effect that dual and stacked regulations may have on the migration of LEP holders is 

overshadowed by permit transfers, which is the more common way in which counts of permits change 
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from community to community. While policies can be implemented to change some of the factors that 

contribute towards the migration of permit holders, except for season length, which is primarily dictated 

by the timing of salmon runs, the most substantial factors remain outside of the control of fishery 

regulators.
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Appendix B. Model Selection Statistical Tests

Table B1. Goodness-of-fit (R2) and statistical significance of fit (F-test) of model estimates to sample 
(1999-2014) observations.___________________________________________________________

Model Considered for Selection
model L → NL L → NR NL → L NL → NR NR → L NR → NL System

a 0.573* 0.393* 0.504* 0.702* 0.398* 0.637* 0.485*
b 0.570* 0.373* 0.502* 0.702* 0.382* 0.637* 0.482*
c 0.582* 0.364* 0.501* 0.700* 0.331* 0.636* 0.469*
d 0.564* 0.364* 0.496* 0.699* 0.330* 0.636* 0.465*
e 0.551* 0.361* 0.496* 0.697* 0.329* 0.636* 0.462*
f 0.549* 0.349* 0.491* 0.697* 0.328* 0.632* 0.459*
g 0.540* 0.338* 0.490* 0.697* 0.325* 0.632* 0.454*
h 0.540* 0.314* 0.490* 0.693* 0.273* 0.631* 0.447*
i 0.540* 0.293* 0.485* 0.692* 0.266* 0.621* 0.441*
j 0.537* 0.293* 0.461* 0.689* 0.259* 0.616* 0.429*
k 0.527* 0.255* 0.458* 0.689* 0.237* 0.615* 0.422*

* denotes p-value ≤ 1.0×10-9

Table B2. Model comparisons (F-statistics) based on system-weighted goodness-of-fit (R2) to the sample 
(1999-2014) observations.

b c d e f G h i J k
a 0.775 1.334 1.263 1.161 1.100 1.097 1.182 1.228 1.391* 1.442*
b 1.616 1.428 1.259 1.168 1.153 1.242 1.287 1.462* 1.511*
c 1.043 0.894 0.861 0.912 1.082 1.167 1.404* 1.471*
d 0.744 0.769 0.869 1.092 1.191 1.464* 1.531*
e 0.796 0.932 1.210 1.305 1.611* 1.666*
f 1.071 1.419 1.477 1.818* 1.843*
g 1.767 1.680 2.066* 2.035*
h 1.584 2.203* 2.112*
i 2.809* 2.366*
j 1.897

* denotes p-value ≤ 0.05, signifying a significant degradation in model fit.

Table B3. Goodness-of-fit (R2) and statistical significance of fit (F -test) of model estimates over the ex
sample (2015-2018) observations based on coefficients estimated on the sample (1999-2014) 
observations.

model L → NL L → NR NL → L
Equations

NL → NR NR → L NR → NL System
a 0.496* 0.267 0.528* 0.801* 0.417 0.173 0.501*
b 0.502* -0.216 0.562* 0.801* 0.356 0.184 0.485*
c 0.399* 0.064 0.556* 0.810* 0.384 0.176 0.476*
d 0.556* 0.067 0.652* 0.808* 0.398* 0.183 0.561*
e 0.399* 0.064 0.556* 0.810* 0.384* 0.176 0.553*
f 0.588* 0.076 0.640* 0.809* 0.380* 0.148 0.543*
g 0.584* 0.090 0.628* 0.803* 0.379* 0.148 0.525*
h 0.579* 0.041 0.628* 0.793* 0.292* 0.134 0.503*
i 0.578* 0.180 0.640* 0.798* 0.293* 0.240 0.511*

* denotes p-value ≤ 0.05
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Table B4. Mean squared error (MSE) on the sample (1999-2014) and ex-sample (2015-2018) 
observations based on coefficients estimated on the sample observations.

Model L → NL L → NR NL → L
Equations 
NL → NR NR → L NR → NL System

Sample
a 4.900 2.945 1.939 2.614 1.282 1.175 2.460
b 4.899 3.019 1.931 2.593 1.307 1.167 2.470
c 4.696 3.016 1.905 2.577 1.392 1.151 2.441
d 4.858 2.994 1.910 2.563 1.384 1.143 2.460
e 4.965 2.985 1.897 2.559 1.374 1.136 2.470
f 4.943 3.017 1.899 2.540 1.367 1.138 2.469
g 5.006 3.048 1.889 2.525 1.363 1.131 2.478
h 4.976 3.134 1.875 2.534 1.457 1.124 2.501
i 4.939 3.207 1.880 2.527 1.460 1.147 2.511

Ex-sample
a 2.765 3.017 2.018 1.438 1.569 1.160 1.994
b 2.732 5.007 1.873 1.438 1.734 1.143 2.321
c 3.292 3.855 1.900 1.374 1.657 1.155 2.206
d 2.436 3.844 1.489 1.386 1.619 1.146 1.987
e 3.292 3.855 1.900 1.374 1.657 1.155 2.206
f 2.257 3.805 1.542 1.383 1.668 1.195 1.975
g 2.280 3.747 1.594 1.423 1.672 1.194 1.985
h 2.311 3.948 1.594 1.500 1.905 1.215 2.079
i 2.315 3.379 1.542 1.460 1.904 1.066 1.944

Table B5. F-statistics and statistical significance (p-values) that the ex-sample (2015-2018) MSE is not 
significantly larger than the MSE over the observations used to fit the model (1999-2014).

Model L → NL L → NR NL → L
Equations 
NL → NR NR → L NR → NL System

a 0.974 0.433 0.409 0.979 0.198 0.489 0.968
b 0.976 0.020* 0.513 0.978 0.122 0.499 0.704
c 0.886 0.154 0.472 0.984 0.229 0.464 0.814
d 0.990 0.149 0.797 0.982 0.249 0.464 0.971
e 0.920 0.144 0.466 0.983 0.213 0.444 0.842
f 0.996 0.166 0.754 0.981 0.200 0.396 0.976
g 0.996 0.191 0.709 0.975 0.194 0.387 0.976
h 0.995 0.167 0.700 0.964 0.132 0.355 0.950
i 0.995 0.391 0.743 0.970 0.134 0.578 0.989

* denotes p-value ≤ 0.05, signifying a significant degradation in model fit
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Table B6. Model comparisons (F-statistics) based on system-weighted goodness-of-fit (R2) over the ex
sample (2015-2018) observations based on coefficients estimated on the sample (1999-2014) 
observations.

Model c d e
Model

F g h i
a 4.546* N/A 2.728* N/A N/A 0.681 N/A
c N/A 0.000 N/A N/A N/A N/A
d 14.622* N/A N/A 1.536* N/A
e N/A N/A N/A N/A
f 0.679 3.532* N/A
g 6.400* N/A
h N/A

* denotes p-value ≤ 0.05, signifying a significant degradation in model fit.

Table B7a. Permit holder migration from a region local to the fishery to nonlocal region. Shading 
indicates that the difference is statistically significant over the ex-sample (2015-2018) observations based 
on coefficients estimated on the sample (1999-2014) observations.

MSEi c a b d
MSEj 

E h g f
c 0.527 0.560 0.856 0.899 0.977 0.982 1.012 1.035
a -0.527 0.032 0.328 0.372 0.449 0.454 0.484 0.507
b -0.560 -0.032 0.296 0.339 0.417 0.422 0.452 0.475
d -0.856 -0.328 -0.296 0.043 0.121 0.126 0.156 0.179
e -0.899 -0.372 -0.339 -0.043 0.078 0.082 0.113 0.136
i -0.977 -0.449 -0.417 -0.121 -0.078 0.005 0.035 0.058
h -0.982 -0.454 -0.454 -0.126 -0.082 -0.005 0.030 0.053
g -1.012 -0.484 -0.452 -0.156 -0.113 -0.035 -0.030 0.023
f -1.035 -0.507 -0.475 -0.179 -0.136 -0.058 -0.053 -0.023

Table B7b. Permit holder migration from local to nonresident. Shading indicates that the difference is 
statistically significant over the ex-sample (2015-2018) observations based on coefficients estimated on 
the sample (1999-2014) observations.

MSEi b e h c
MSEj 

D f g i a
b 0.997 1.059 1.152 1.163 1.202 1.260 1.628 1.990
e -0.997 0.062 0.154 0.166 0.205 0.262 0.631 0.993
h 0.931 -0.062 0.092 0.104 0.143 0.200 0.569 0.931
c -1.152 -0.154 -0.092 0.011 0.050 0.108 0.476 0.838
d -1.163 -0.166 -0.104 -0.011 0.039 0.097 0.465 0.827
f -1.202 -0.205 -0.143 -0.050 -0.039 0.058 0.426 0.788
g -1.260 -0.262 -0.200 -0.108 -0.097 -0.058 0.368 0.730
i -1.628 -0.631 -0.569 -0.476 -0.465 -0.426 -0.368 0.362
a -1.990 -0.993 -0.931 -0.838 -0.827 -0.788 -0.730 -0.362
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Table B7c. Permit holder migration from nonlocal to local. Shading indicates that the difference is 
statistically significant over the ex-sample (2015-2018) observations based on coefficients estimated on 
the sample (1999-2014) observations.

MSEi a c b g
MSEj

H f i e d
a 
c 
b

-0.118
-0.145

0.118

-0.027

0.145
0.027

0.424
0.306
0.279

0.424
0.306
0.279

0.476
0.358
0.331

0.476
0.358
0.331

0.524
0.406
0.380

0.529
0.411
0.384

g -0.424 -0.306 -0.279 0.000 0.052 0.052 0.100 0.105
h -0.424 -0.306 -0.424 0.000 0.052 0.052 0.100 0.105
f -0.476 -0.358 -0.331 -0.052 -0.052 0.000 0.049 0.053
i -0.476 -0.358 -0.331 -0.052 -0.052 0.000 0.048 0.053
e -0.524 -0.406 -0.380 -0.100 -0.100 -0.049 -0.048 0.005
d -0.529 -0.411 -0.384 -0.105 -0.105 -0.053 -0.053 -0.005

Table B7d. Permit holder migration from nonlocal to nonresident. Shading indicates that the difference is 
statistically significant over the ex-sample (2015-2018) observations based on coefficients estimated on 
the sample (1999-2014) observations.

MSEi h i a b
MSEj

G d f e c
h 0.040 0.062 0.062 0.077 0.114 0.117 0.125 0.126
i -0.040 0.021 0.022 0.037 0.074 0.076 0.085 0.086
a -0.062 -0.021 0.001 0.015 0.052 0.055 0.063 0.064
b -0.062 -0.022 -0.001 0.015 0.052 0.054 0.063 0.064
g -0.077 -0.037 -0.015 -0.015 0.037 0.040 0.048 0.049
d -0.114 -0.074 -0.052 -0.052 -0.037 0.003 0.011 0.012
f -0.117 -0.076 -0.055 -0.054 -0.040 -0.003 0.008 0.009
e -0.125 -0.085 -0.063 -0.063 -0.048 -0.011 -0.008 0.001
c -0.126 -0.086 -0.064 -0.064 -0.049 -0.012 -0.009 -0.001

Table B7e. Permit holder migration from nonresident to local. Shading indicates that the difference is 
statistically significant over the ex-sample (2015-2018) observations based on coefficients estimated on 
the sample (1999-2014) observations.

MSEi h b g
MSEj

F c d e a
h 0.001 0.336 0.233 0.237 0.248 0.286 0.303 0.336
i -0.001 0.170 0.232 0.235 0.247 0.284 0.302 0.335
b 
g 
f

-0.171
-0.233
-0.237

-0.170
-0.232
-0 235

-0.062
-0.066

0.062

-0.004

0.066
0.004

0.077
0.015
0.011

0.115
0.053
0.049

0.132
0.070
0.066

0.165
0.104
0.100J 

c 
d 
e
a

-0.248
-0.286
-0.303
-0.336

-0.247
-0.284
-0.302
-0.335

-0.077
-0.115
-0.132
-0.165

-0.015
-0.053
-0.070
-0.104

-0.011
-0.049
-0.066
-0.100

-0.038
-0.055
-0.088

0.038

-0.017
-0.051

0.055
0.017

-0.033

0.088
0.051
0.033
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Table B7f. Permit holder migration from nonresident to nonlocal. Shading indicates that the difference is
statistically significant over the ex-sample (2015-2018) observations based on coefficients estimated on
the sample (1999-2014) observations.

MSEi h f g a
MSEj

C e d b i
h 0.020 0.021 0.055 0.060 0.066 0.069 0.055 0.149
f
g

-0.020
-0.021 -0.001

0.001 0.036
0.035

0.041
0.039

0.046
0.045

0.049
0.048

0.052
0.051

0.129
0.128

a -0.055 -0.036 -0.035 0.005 0.011 0.014 0.016 0.094
c -0.060 -0.041 -0.039 -0.005 0.006 0.009 0.011 0.089
e -0.066 -0.046 -0.045 -0.011 -0.006 0.003 0.006 0.083
d -0.069 -0.049 -0.048 -0.014 -0.009 -0.003 0.003 0.080
b -0.071 -0.052 -0.051 -0.016 -0.011 -0.006 -0.003 0.078
i -0.149 -0.129 -0.128 -0.094 -0.089 -0.083 -0.080 -0.078

Table B8. Model comparisons (MSEi - MSEj) on ex-sample observations. Shading indicates that the
difference is statistically significant using the test statistic reported in Forster et al. (1995).
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L → NL L → NR
MSEi a d i g f MSEi d f g i a

a 0.328 0.449 0.484 0.507 d 0.039 0.097 0.465 0.827
d -0.328 0.121 0.156 0.179 f -0.039 0.058 0.426 0.788
i -0.449 -0.121 0.035 0.058 g -0.097 -0.058 0.368 0.730
g -0.484 -0.156 -0.035 0.023 i -0.465 -0.426 -0.368 0.362
f -0.507 -0.179 -0.058 -0.023 a -0.827 -0.788 -0.730 -0.362

NL → L NL NR
MSEi a g f i d MSEi i a g d f

a 0.424 0.476 0.476 0.529 i 0.021 0.037 0.074 0.076
g -0.424 0.052 0.052 0.105 a -0.021 0.015 0.052 0.055
f -0.476 -0.052 0.000 0.053 g -0.037 -0.015 0.037 0.040
i -0.476 -0.052 0.000 0.053  d -0.074 -0.052 -0.037 0.003
d -0.529 -0.105 -0.053 -0.053 f -0.076 -0.055 -0.040 -0.003

NR → L NR → NL
MSEi i g f d a MSEi g a d i

i 0.232 0.235 0.284 0.335 f 0.001 0.036 0.049 0.129
g -0.232 0.004 0.053 0.104 g -0.001 0.035 0.048 0.128
f -0.235 -0.004 0.049 0.100 a -0.036 -0.035 0.014 0.094
d -0.284 -0.053 -0.049 0.051 d -0.049 -0.048 -0.014 0.080
a -0.335 -0.104 -0.100 -0.051 i -0.129 -0.128 -0.094 -0.080



Appendix C. Models Considered during Model Specification Phase

Table C1. Coefficient estimates and p-values (in parentheses) for model a estimated on observations from 
1999 through 2014. Coefficients with a p-value of less than 0.05 are bolded.

L → NL L → NR NL → L NL → NR NR → L NR → NL
intercept 11.62 0.35 3.99 3.18 7.65E-03 1.75

(< 0.01) (0.91) (0.14) (0.31) (1.00) (0.40)
revenue -1.59E-06 -7.36E-06 -4.31E-06 2.85E-07 -1.00E-05 1.37E-06

(0.88) (0.36) (0.52) (0.97) (0.05) (0.79)
transfers -10.24 -2.22 -0.59 -3.08 1.69 0.79

(0.04) (0.55) (0.85) (0.39) (0.50) (0.74)
wage -0.24 0.11 -0.16 -0.11 1.56E-03 -0.10

(0.06) (0.26) (0.05) (0.27) (0.98) (0.14)
price 0.94 2.70E-03 1.17 0.66 0.60 0.31

(0.25) (1.00) (0.02) (0.28) (0.15) (0.44)
UR -6.49 -17.19 6.99 1.34 0.86 6.58

(0.57) (0.05) (0.34) (0.87) (0.89) (0.25)
days -1.24E-03 7.73E-03 1.86E-03 -5.54E-03 0.01 -1.18E-03

(0.90) (0.32) (0.77) (0.46) (0.02) (0.81)
PV -1.00E-05 -1.00E-05 -5.58E-06 -1.55E-06 -6.69E-06 -1.48E-06

(0.02) (< 0.01) (0.16) (0.74) (0.04) (0.63)
latency -2.53 -2.48 -0.11 1.17 -1.30 -0.27

(0.39) (0.27) (0.95) (0.59) (0.39) (0.85)
latency × drift -1.06 -8.43 -0.73 2.23 -5.34 0.94

(0.83) (0.03) (0.82) (0.55) (0.04) (0.71)
permits 4.78E-03 1.67E-03 2.93E-03 3.59E-03 9.72E-04 2.25E-03

(< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01)
drift -1.61 1.54 -0.26 -0.85 1.40 -0.54

(0.10) (0.04) (0.68) (0.24) (< 0.01) (0.26)
farmed -1.39E-06 2.07E-07 -4.51E-07 -3.23E-07 -3.78E-08 1.09E-08

(0.03) (0.67) (0.26) (0.49) (0.91) (0.97)
dual -2.02 -0.31 -2.13 1.68 -0.25 0.71

(0.09) (0.73) (< 0.01) (0.06) (0.68) (0.23)
stack -1.00 -1.00 -0.36 -0.23 -0.53 -0.14

(0.23) (0.12) (0.50) (0.71) (0.22) (0.74)
R2 = 0.48; 774 degrees of freedom.
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Table C2. Coefficient estimates and p-values (in parentheses) for model b estimated on observations from
1999 through 2014. Coefficients with a p-value of less than 0.05 are bolded.

R2 = 0.48; 780 degrees of freedom.

L → NL L → NR NL → L NL → NR NR → L NR → NL
intercept 11.47 -0.35 3.58 3.20 -1.03 1.88

(< 0.01) (0.91) (0.17) (0.29) (0.63) (0.35)
transfers -10.28 -2.39 -0.69 -3.07 1.44 0.82

(0.04) (0.52) (0.82) (0.39) (0.57) (0.73)
wage -0.24 0.14 -0.15 -0.11 0.04 -0.10

(0.06) (0.16) (0.07) (0.24) (0.58) (0.11)
price 0.89 -0.26 1.02 0.67 0.21 0.36

(0.22) (0.63) (0.03) (0.21) (0.58) (0.31)
UR -6.43 -16.94 7.13 1.33 1.22 6.54

(0.57) (0.06) (0.33) (0.87) (0.84) (0.25)
days -1.44E-03 6.78E-03 1.30E-03 -5.50E-03 0.01 -1.00E-03

(0.88) (0.38) (0.84) (0.46) (0.03) (0.84)
PV -1.00E-05 -2.00E-05 -6.64E-06 -1.48E-06 -9.35E-06 -1.14E-06

(0.01) (< 0.01) (0.07) (0.72) (< 0.01) (0.68)
latency -2.41 -1.95 0.20 1.15 -0.52 -0.37

(0.39) (0.37) (0.91) (0.58) (0.72) (0.79)
latency × drift -1.32 -9.67 -1.46 2.27 -7.16 1.17

(0.78) (< 0.01) (0.63) (0.52) (< 0.01) (0.62)
permits 4.81E-03 1.82E-03 3.02E-03 3.59E-03 1.19E-03 2.22E-03

(< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01)
drift -1.61 1.57 -0.24 -0.85 1.43 -0.55

(0.10) (0.04) (0.70) (0.23) (< 0.01) (0.26)
farmed -1.38E-06 2.35E-07 -4.34E-07 -3.24E-07 4.07E-09 5.64E-09

(0.03) (0.63) (0.28) (0.48) (0.99) (0.99)
dual -2.06 -0.49 -2.24 1.68 -0.52 0.74

(0.08) (0.58) (< 0.01) (0.05) (0.39) (0.20)
stack -0.99 -0.94 -0.32 -0.23 -0.44 -0.15

(0.23) (0.14) (0.54) (0.71) (0.31) (0.71)
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Table C3. Coefficient estimates and p-values (in parentheses) for model c estimated on observations from
1999 through 2014. Coefficients with a p-value of less than 0.05 are bolded.

R2 = 0.47; 792 degrees of freedom.

L → NL L → NR NL → L NL → NR NR → L NR → NL
intercept 10.34 -3.09 3.34 4.09 -2.74 2.00

(< 0.01) (0.32) (0.18) (0.16) (0.19) (0.30)
transfers -9.63 -2.94 -0.93 -3.18 0.72 1.09

(0.04) (0.43) (0.75) (0.36) (0.78) (0.64)
wage -0.24 0.17 -0.14 -0.12 0.06 -0.10

(0.06) (0.10) (0.07) (0.21) (0.40) (0.09)
price 1.21 0.39 1.06 0.44 0.60 0.35

(0.06) (0.45) (0.01) (0.36) (0.09) (0.28)
UR -6.40 -13.78 7.70 0.72 3.73 6.04

(0.57) (0.13) (0.28) (0.93) (0.54) (0.28)
days 2.14E-04 0.01 2.28E-03 -7.46E-03 0.02 -1.72E-03

(0.98) (0.06) (0.70) (0.29) (< 0.01) (0.71)
PV -1.00E-05 -8.14E-06 -6.03E-06 -3.86E-06 -4.89E-06 -1.43E-06

(0.02) (0.03) (0.05) (0.27) (0.06) (0.54)
permits 4.99E-03 2.24E-03 3.05E-03 3.45E-03 1.45E-03 2.21E-03

(< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01)
drift -1.81 -0.03 -0.49 -0.48 0.24 -0.35

(< 0.01) (0.95) (0.16) (0.23) (0.41) (0.20)
farmed -1.50E-06 -1.52E-08 -4.52E-07 -2.36E-07 -1.43E-07 1.10E-08

(0.02) (0.98) (0.25) (0.60) (0.67) (0.97)
dual -2.57 -1.76 -2.35 2.09 -1.31 0.80

(0.01) (0.03) (< 0.01) (< 0.01) (0.02) (0.12)
stack -1.03 -0.84 -0.30 -0.24 -0.35 -0.18

(0.21) (0.20) (0.57) (0.70) (0.44) (0.66)

Table C4. Coefficient estimates and p-values (in parentheses) for model d estimated on observations from 
1999 through 2014. Coefficients with a p-value of less than 0.05 are bolded.

L → NL L → NR NL → L NL → NR NR → L NR → NL
intercept 5.02 -3.15 1.74 3.25 -3.25 2.04

(0.13) (0.22) (0.40) (0.17) (0.06) (0.20)
transfers -9.32 -2.94 -0.84 -3.13 0.75 1.09

(0.05) (0.43) (0.78) (0.36) (0.77) (0.63)
wage -0.07 0.17 -0.09 -0.09 0.07 -0.10

(0.53) (0.04) (0.16) (0.25) (0.19) (0.04)
price 0.43 0.39 0.83 0.32 0.52 0.35

(0.45) (0.39) (0.02) (0.45) (0.09) (0.21)
UR -7.27 -13.79 7.44 0.58 3.65 6.05

(0.52) (0.12) (0.30) (0.94) (0.55) (0.27)
days -6.02E-03 0.01 4.03E-04 -8.44E-03 0.02 -1.67E-03

(0.52) (0.05) (0.94) (0.21) (< 0.01) (0.71)
PV -1.00E-05 -8.13E-06 -5.71E-06 -3.70E-06 -4.79E-06 -1.43E-06

(0.03) (0.03) (0.06) (0.29) (0.06) (0.54)
permits 5.11E-03 2.24E-03 3.09E-03 3.47E-03 1.46E-03 2.21E-03

(< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01)
drift -1.74 -0.03 -0.47 -0.47 0.25 -0.35

(< 0.01) (0.95) (0.18) (0.24) (0.40) (0.19)
dual -2.93 -1.76 -2.45 2.04 -1.34 0.80

(< 0.01) (0.03) (< 0.01) (< 0.01) (0.02) (0.11)
stack -1.30 -0.85 -0.38 -0.28 -0.37 -0.18

(0.12) (0.19) (0.47) (0.64) (0.40) (0.66)
R2 = 0.46; 796 degrees of freedom.
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Table C5. Coefficient estimates and p-values (in parentheses) for model e estimated on observations from
1999 through 2014. Coefficients with a p-value of less than 0.05 are bolded.

R2 = 0.46; 804 degrees of freedom.

L → NL L → NR NL → L NL → NR NR → L NR → NL
intercept 2.96 -3.80 1.55 2.56 -3.08 2.28

(0.34) (0.12) (0.42) (0.25) (0.06) (0.13)
wage -0.04 0.18 -0.09 -0.08 0.07 -0.11

(0.74) (0.03) (0.17) (0.30) (0.20) (0.03)
price 0.57 0.43 0.84 0.36 0.51 0.34

(0.32) (0.34) (0.02) (0.38) (0.09) (0.22)
UR -7.29 -13.80 7.44 0.57 3.65 6.05

(0.53) (0.12) (0.30) (0.94) (0.55) (0.27)
days -4.91E-03 0.01 5.02E-04 -8.07E-03 0.02 -1.80E-03

(0.60) (0.05) (0.93) (0.23) (< 0.01) (0.69)
PV -1.00E-05 -8.14E-06 -5.72E-06 -3.71E-06 -4.79E-06 -1.43E-06

(0.03) (0.03) (0.06) (0.29) (0.06) (0.54)
permits 5.22E-03 2.27E-03 3.10E-03 3.51E-03 1.45E-03 2.19E-03

(< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01)
drift -1.56 0.03 -0.45 -0.41 0.23 -0.37

(< 0.01) (0.95) (0.19) (0.30) (0.42) (0.16)
dual -3.17 -1.84 -2.48 1.96 -1.32 0.83

(< 0.01) (0.02) (< 0.01) (< 0.01) (0.02) (0.10)
stack -1.29 -0.84 -0.38 -0.28 -0.37 -0.18

(0.12) (0.19) (0.47) (0.64) (0.40) (0.66)

Table C6. Coefficient estimates and p-values (in parentheses) for model f estimated on observations from 
1999 through 2014. Coefficients with a p-value of less than 0.05 are bolded.

L → NL L → NR NL → L NL → NR NR → L NR → NL
intercept 2.65 -4.38 1.86 2.59 -2.93 2.53

(0.39) (0.07) (0.33) (0.24) (0.07) (0.09)
wage -0.05 0.16 -0.08 -0.08 0.08 -0.10

(0.65) (0.05) (0.22) (0.30) (0.16) (0.05)
price 0.51 0.31 0.91 0.37 0.54 0.39

(0.37) (0.48) (0.01) (0.36) (0.07) (0.15)
days -4.32E-03 0.02 -1.00E-04 -8.11E-03 0.02 -2.29E-03

(0.64) (0.03) (0.99) (0.22) (< 0.01) (0.61)
PV -1.00E-05 -8.21E-06 -5.68E-06 -3.71E-06 -4.77E-06 -1.40E-06

(0.03) (0.03) (0.06) (0.29) (0.06) (0.54)
permits 5.30E-03 2.42E-03 3.02E-03 3.50E-03 1.41E-03 2.13E-03

(< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01)
drift -1.55 0.04 -0.46 -0.41 0.23 -0.38

(< 0.01) (0.92) (0.18) (0.30) (0.42) (0.15)
dual -3.23 -1.96 -2.41 1.96 -1.29 0.88

(< 0.01) (0.02) (< 0.01) (< 0.01) (0.02) (0.08)
stack -1.37 -1.00 -0.30 -0.27 -0.33 -0.11

(0.10) (0.12) (0.56) (0.65) (0.44) (0.78)
R2 = 0.46; 810 degrees of freedom.

128



Table C7. Coefficient estimates and p-values (in parentheses) for model g estimated on observations from
1999 through 2014. Coefficients with a p-value of less than 0.05 are bolded.

R2 = 0.45; 816 degrees of freedom.

L → NL L → NR NL → L NL → NR NR → L NR → NL
intercept 1.30 -5.36 1.57 2.32 -3.26 2.43

(0.66) (0.02) (0.39) (0.28) (0.04) (0.09)
wage -1.35E-03 0.19 -0.07 -0.07 0.09 -0.10

(0.99) (0.02) (0.27) (0.34) (0.10) (0.05)
price 0.43 0.25 0.89 0.35 0.52 0.38

(0.45) (0.56) (0.01) (0.38) (0.08) (0.16)
days -3.75E-03 0.02 1.80E-05 -8.00E-03 0.02 -2.25E-03

(0.69) (0.03) (1.00) (0.23) (< 0.01) (0.61)
PV -9.26E-06 -7.33E-06 -5.42E-06 -3.47E-06 -4.48E-06 -1.31E-06

(0.06) (0.05) (0.07) (0.31) (0.08) (0.57)
permits 5.25E-03 2.39E-03 3.01E-03 3.49E-03 1.40E-03 2.12E-03

(< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01)
drift -1.46 0.10 -0.44 -0.40 0.25 -0.37

(< 0.01) (0.81) (0.20) (0.31) (0.38) (0.16)
dual -3.07 -1.83 -2.38 1.99 -1.25 0.90

(< 0.01) (0.02) (< 0.01) (< 0.01) (0.02) (0.07)

Table C8. Coefficient estimates and p-values (in parentheses) for model h estimated on observations from 
1999 through 2014. Coefficients with a p-value of less than 0.05 are bolded.

L → NL L → NR NL → L NL → NR NR → L NR → NL
intercept 0.75 -3.01 1.57 1.14 -0.96 2.10

(0.78) (0.15) (0.33) (0.55) (0.50) (0.10)
wage 5.32E-03 0.16 -0.07 -0.05 0.06 -0.09

(0.96) (0.04) (0.26) (0.44) (0.27) (0.05)
price 0.48 0.04 0.89 0.46 0.31 0.41

(0.38) (0.94) (< 0.01) (0.24) (0.30) (0.12)
PV -9.06E-06 -8.19E-06 -5.42E-06 -3.03E-06 -5.32E-06 -1.18E-06

(0.06) (0.03) (0.07) (0.37) (0.04) (0.60)
permits 5.30E-03 2.18E-03 3.01E-03 3.59E-03 1.20E-03 2.15E-03

(< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01)
drift -1.59 0.63 -0.44 -0.66 0.76 -0.44

(< 0.01) (0.09) (0.12) (0.05) (< 0.01) (0.04)
dual -3.01 -2.09 -2.38 2.12 -1.50 0.93

(< 0.01) (0.01) (< 0.01) (< 0.01) (< 0.01) (0.06)
R2 = 0.45; 822 degrees of freedom.

Table C9. Coefficient estimates and p-values (in parentheses) for model i estimated on observations from 
1999 through 2014. Coefficients with a p-value of less than 0.05 are bolded.

L → NL L → NR NL → L NL → NR NR → L NR → NL
intercept 0.89 1.18 -0.21 -0.28 0.60 -0.30

(0.14) (0.01) (0.56) (0.51) (0.07) (0.30)
price 0.49 0.11 0.86 0.44 0.34 0.37

(0.37) (0.80) (0.01) (0.26) (0.26) (0.16)
PV -9.11E-06 -9.71E-06 -4.78E-06 -2.52E-06 -5.88E-06 -3.19E-07

(0.05) (0.01) (0.10) (0.45) (0.02) (0.89)
permits 5.30E-03 2.13E-03 3.03E-03 3.61E-03 1.18E-03 2.18E-03

(< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01)
drift -1.58 0.77 -0.50 -0.71 0.82 -0.53

(< 0.01) (0.03) (0.07) (0.03) (< 0.01) (0.02)
dual -3.01 -2.34 -2.27 2.21 -1.59 1.08

(< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01) (0.03)
R2 = 0.44; 828 degrees of freedom.
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Table C10. Coefficient estimates and p-values (in parentheses) for model j estimated on observations
from 1999 through 2014. Coefficients with a p-value of less than 0.05 are bolded.

L → NL L → NR NL → L NL → NR NR → L NR → NL
intercept 1.27 1.27 0.45 0.06 0.86 -0.01

(< 0.01) (< 0.01) (0.09) (0.84) (< 0.01) (0.95)
PV -7.53E-06 -9.35E-06 -1.99E-06 -1.10E-06 -4.79E-06 8.82E-07

(0.08) (< 0.01) (0.46) (0.72) (0.04) (0.67)
permits 5.30E-03 2.13E-03 3.03E-03 3.61E-03 1.18E-03 2.18E-03

(< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01)
drift -1.62 0.76 -0.57 -0.74 0.79 -0.56

(< 0.01) (0.03) (0.04) (0.02) (< 0.01) (0.01)
dual -3.02 -2.34 -2.28 2.20 -1.59 1.07

(< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01) (0.03)
R2 = 0.43; 834 degrees of freedom.

R2 = 0.43; 834 degrees of freedom.

Table C11. Coefficient estimates and p-values (in parentheses) for model k estimated on observations 
from 1999 through 2014. Coefficients with a p-value of less than 0.05 are bolded.

L → NL L → NR NL → L NL → NR NR → L NR → NL
intercept 0.73 0.61 0.31 -0.02 0.52 0.05

(0.01) (0.01) (0.09) (0.93) (< 0.01) (0.72)
permits 5.53E-03 2.42E-03 3.09E-03 3.64E-03 1.33E-03 2.15E-03

(< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01)
drift -1.93 0.38 -0.65 -0.79 0.59 -0.52

(< 0.01) (0.26) (0.01) (< 0.01) (< 0.01) (< 0.01)
dual -3.42 -2.84 -2.38 2.14 -1.85 1.12

(< 0.01) (< 0.01) (< 0.01) (< 0.01) (< 0.01) (0.02)
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Appendix D. Graphs of Model fit to Each Equation in Each Fishery
Figure D1a-f. Southeast Alaska (S 03A) drift gillnet fishery
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Figure D2a-f. Prince William Sound (S 03E) drift gillnet fishery.
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Figure D3a-f. Alaska Peninsula (S 03M) drift gillnet fishery.
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Figure D4a-f. Bristol Bay (S 03T) drift gillnet fishery.

134



Figure D5a-f. Yakutat (S 04D) set gillnet fishery.

135



Figure D6a-f. Prince William Sound (S 04E) set gillnet fishery.
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Figure D7a-f. Kodiak (S 04K) set gillnet fishery.
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Figure D8a-f. Alaska Peninsula (S 04M) set gillnet fishery.
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Figure D9a-f. Bristol Bay (S 04T) set gillnet fishery.
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General Conclusion

Anticipating the outcome of policy action is difficult in part because it has proven difficult to 

disentangle the unique outcomes of past regulatory actions from the concomitant impacts of a myriad of 

other regulatory actions and constantly varying system states. Thus 45 years on, we are still uncertain 

about the suite of consequences associated with the implementation of limited entry in Alaska's salmon 

fisheries. There is no dispute that the fishery today is different from the fishery as it was in 1975. 

However, because the state and dynamics of other social and ecological aspects of Alaska's salmon 

social-ecological system have also changed, it is unclear what the fishery would look like today if limited 

entry had not been implemented. In this project, we have examined three aspects of Alaska's salmon 

limited entry fisheries. First, we endeavored to tease out the unique consequences of a change in gear 

regulations (dual permits) in the highly lucrative Bristol Bay drift gillnet fishery. Next, we examined the 

unexpected persistence of heterogeneity in vessel length and vessel value in that same fishery. Last, for 

nine set gillnet and drift gillnet salmon fisheries across Southeast Alaska, Southcentral Alaska, and 

Southwest Alaska, we explored factors that help account for observed patterns of migration of permit 

holders to and from areas near to the fishery, to and from other regions in Alaska and to and from other 

states.

The decision to implement dual permit regulations in the Bristol Bay drift gillnet salmon fishery 

was motivated by the hope that it would encourage new entrants into the fishery and reduce or reverse 

losses in the number of LEPs held by Bristol Bay watershed residents. The results reported in Chapter 1 

do suggest that dual permit regulations have encouraged new, younger commercial fishermen to enter the 

Bristol Bay fishery. However, this effect is strongest for nonresidents and weakest for residents of the 

Bristol Bay region. From a state perspective, the dual permit regulation appears to have attracted the 

“wrong kind” of new entrants. Furthermore, despite this influx of new entrants, the average age of Bristol 

Bay drift gillnet permit holders has continued to increase. On these criteria, dual permit regulation could 
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be deemed a successful failure. However, anecdotal testimony before the Alaska Board of Fisheries 

suggests that the dual permit regulations have allowed families who hold multiple permits to save costs 

by using fewer boats and the dual permit regulations allow young fishermen to use their permit to gain 

apprenticeship opportunities with more experienced fishermen before they purchase and operate a boat of 

their own. Statistical analysis suggests that the simplest explanation for the “graying” of the Bristol Bay 

salmon drift gillnet fleet is that Alaska's workforce is aging. Addressing the graying of Alaska's 

workforce is likely to be the most effective way to address the graying of LEP holdings in the Bristol Bay 

salmon drift gillnet fishery. We were also able to use the data to examine differences in average earnings 

across the three residency categories. While each category had some high earners, the overall average 

earnings among local permit holders are significantly below those of nonlocal permit holders, both of 

which are significantly below the average earnings of nonresident permit holders. Because of 

confidentiality statutes, individual earnings cannot be displayed. If individual earnings could be reported, 

we could see how local permit holders constituted many of the top-ten highest earners among those that 

have dual permit operations in the drift gillnet fleet and those that had stacked operations in the set gillnet 

fleet, even if average earnings were lower for locals in both categories. Barring differences in average 

costs, these differences in average earnings represent the underlying economic force that is driving 

reductions in the number of locally owned LEPs—on average, an LEP held by a nonlocal or nonresident 

earns more, and arbitrage drives permits to where they generate the greatest economic value.

It is often assumed that regulated fisheries will become increasingly homogeneous over time as 

fishermen operating within the constraints of regulation will come to adopt similar capital assets, similar 

harvest strategies, and, consequently, come to have similar catch rates, similar revenues, and similar costs. 

The logic driving this expectation relies on the assumptions that fishermen seek to maximize net revenues 

through time and that adoptions of new fishing technology are easily observed and easily replicated by 

competitors, and that barriers to entry are modest. That is, it is assumed that fishing as an economic sector 

closely resembles a perfectly competitive market structure. Under these conditions, less profitable LEP 

holders are bought out by individuals who expect to be able to generate higher net revenues. When entry 
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was first limited, the Bristol Bay salmon drift gillnet fleet included a mix of vessels up to the longstanding 

32-foot maximum length. Although the ongoing race-for-fish favors the adoption of vessel and gear 

configurations that maximize catch-per-day and could be anticipated to lead to increased homogeneity in 

fleet composition, multivariate statistical analyses indicate that heterogeneity in vessel length and 

heterogeneity in vessel value have persisted in the Bristol Bay salmon drift gillnet fishery. The persistence 

of this heterogeneity is curious; it suggests there might be multiple efficient configurations or that permit 

holders might not be equally motivated by a profit incentive. Fluctuating market conditions—variability 

in permit prices, exvessel prices, run strength, or run timing—could favor low-cost configurations. In 

contrast, high permit prices might favor high volume capital-intensive operations that generate revenues 

needed to service loan payments. While heterogeneity in vessel value and vessel length was reduced 

during the salmon price collapse of the early 2000s, heterogeneity in vessel length has since stabilized. In 

contrast, heterogeneity in vessel value has continued to decline. The analysis also suggests that the 

implementation of dual permit regulations has contributed to decreased heterogeneity. In contrast, 

participation in the fishery in terms of the rate of actively used permits corresponds with increased 

heterogeneity within the fleet. In addition, the analyses indicate that vessels captained by permit holders 

who received their permit as a gift operate vessels that are less capitalized than vessels captained by 

permit holders who purchased their permit and that vessels operated by local permit holders are less 

capitalized than vessels owned by nonlocal Alaskan or nonresident permit holders. Finally, the results 

indicate that vessels operated by older permit holders are less capitalized than vessels operated by 

younger permit holders. The persistence of heterogeneity makes it likely that highly capitalized permit 

holders are likely to respond to regulatory changes differently from less capitalized permit holders. 

Adopting regulations sought by highly capitalized permit holders is likely to disadvantage less capitalized 

permit holders and contribute to the ongoing loss of LEPs from Bristol Bay communities.

The number of LEPs held by residents of communities neighboring a fishery is reduced mostly 

through the sale or gifting of the permit to someone who resides outside the region or because the LEP 

holder migrates into or away from the region. In a study of nine gillnet fisheries scattered across the Gulf 
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of Alaska and into Bristol Bay, we found evidence of a steady flow of LEP holders from Alaska to other 

states. We also found evidence of a statistically significant net outmigration of local permits in eight of 

the nine fisheries examined. The exception was a small (0.13 LEPs per year), and statistically 

insignificant net migration into the Alaska Peninsula drift gillnet fishery. In addition, we found that there 

was a statistically significant net outmigration of nonlocal permits in five of the nine fisheries examined, 

along with an overall decline in Alaskan nonlocal holdings of set gillnet LEPs but an overall increase in 

Alaskan nonlocal holdings of drift gillnet permits. Increases in the fraction of LEPs transferred were 

associated with decreases in the number of permit holders who migrated from local to nonlocal Alaskan 

domiciles. Increases in season length reduced the number of permit migrations from local to nonlocal, 

nonlocal to local, nonlocal to nonresident, and nonresident to nonlocal, but increased the number of 

migrations from local to nonresident and from nonresident to nonlocal. Increases in LEP value are 

associated with statistically significant decreases in the number of permit migrations from local to 

nonlocal, local to nonresident, nonlocal to local, and nonresident to nonlocal; the effect on increases in 

LEP value did not have a statistically significant influence on the number of permit migrations from 

nonlocal to nonresident or from nonresident to nonlocal. Increases in the total number of LEPs in each 

fishery were associated with an increased number of permit migrations. While this is not surprising, it 

indicates changes in the number of permits need to be accounted for before we try to interpret the 

influence of other explanatory variables. Increases in the fraction of unfished LEPs are associated with 

statistically significant decreases in the number of LEP migrations from local to nonlocal in both the set 

gillnet and drift gillnet fisheries, and from local to nonresident, nonlocal to local, and nonresident to local 

in the drift gillnet fisheries, but have an opposite and statistically significant effect on LEP migrations 

from nonlocal to nonresident in the drift gillnet fishery.

Limited Entry has served as a primary management strategy for Alaska's salmon fisheries for 

over 45 years. Although there is general agreement that Limited Entry has helped prevent overfishing, 

there has been concern that Limited Entry may have exacerbated the decline of local participation in some 

fisheries. However, it is difficult to disentangle the effects of any single regulatory action from the effects
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of other regulatory actions and variations in the underlying social and ecological systems. Consequently,

it is even more challenging to predict the likely effects of new regulatory actions accurately. Nevertheless,

that is the challenge thrust on fishery managers.

In Chapter 1, we found that the dual-permit regulatory action intended to encourage new entrants 

into the Bristol Bay salmon drift gillnet fishery and reduce or reverse losses in the number of LEPs held 

by local fishermen succeeded, in part. The regulation succeeded in attracting young fishermen. However, 

the new entrants are mostly from out of state. That is, from an Alaskan perspective, the dual-permit 

regulation has attracted the “wrong kind” of new entrants. Also, although the introduction of dual-permit 

regulation slowed the “graying” of the Bristol Bay fishery, the average age of permit holders has 

continued to rise. We found that the rate of increase in permit holder average age closely parallels the rate 

of increase in the average age of Alaska's workforce. This strongly suggests that the graying of the fleet is 

an artifact of the graying of Alaska's workforce and that fisheries policy alone is unlikely to correct the 

fundamental problem that Alaska's economy has become ever less attractive for young workers. In 

addition, we found that the proximate driver of permit transfers from communities nearest the fisheries to 

other communities in Alaska and outside the state is that, on average, out-of-state permit holders earn 

higher annual revenue from the fishery. Permit prices are driven by buyers' expectations; those who 

expect to earn the most from fishing are willing to pay the most for a fishing permit. The surprising fact is 

not that so many permits have left the Bristol Bay region, but the fact that many permits continue to be 

held by Bristol Bay residents. It is unlikely that fishery managers will be able to affect the financial forces 

that favor the outward transfer of permits. They may, however, encourage the local holding of permits 

through regulatory actions that reward the transfer of permits through gifts rather than sales or through 

regulatory action to encourage continued heterogeneity within the Bristol Bay salmon drift gillnet fleet. 

While we did not examine the influence of superexclusive registration as a policy mechanism for 

application in the Bristol Bay salmon fisheries, we note that superexclusive registration has been an 

effective tool for advantaging local fishermen in other state fisheries and anecdotally for Bristol Bay as 

well.
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It is easier for new entrants, especially those with limited access to financial resources, to enter a 

fishery when it is profitable to do so from a cheap boat. One of the unfortunate attributes of Limited Entry 

fisheries management is that it fails to end the race for fish. This race is most often lost by those who 

cannot afford to keep up with the race to adopt technology that maximizes catch-per-day. It is, therefore, 

surprising to see that even after 45 years of Limited Entry management, the Bristol Bay drift gillnet 

remains heterogeneous in terms of vessel size and vessel value. That is, heterogeneity persists despite the 

financial forces that would favor a homogenization of the fleet at bounds set by the regulatory 32-foot 

maximum for vessel length and the physics of vessel hydrodynamics. The persistence of heterogeneity 

provides an entry path for young fishermen and contributes to local holdings of Bristol Bay permits. 

However, heterogeneity in the Bristol Bay fleet is subject to the influence of external economic forces and 

regulatory actions. For example, the salmon price collapse of the early 2000s precipitated a sharp 

reduction in heterogeneity in terms of vessel length and vessel value. As exvessel prices have improved, 

heterogeneity of vessel value has continued to decline. That is, the fleet is converging around ever more 

similar and ever more expensive vessels. That dynamic makes it increasingly difficult for new entrants 

who have poor access to financial capital—young fishermen and the residents of regions such as Bristol 

Bay. We also found evidence to suggest that the implementation of the dual-permit program had an 

unintended consequence of contributing to the loss of heterogeneity in the Bristol Bay drift gillnet fleet. 

That unintended effect may have lessened the effectiveness of the dual-permit program at achieving its 

objective of attracting young fishermen and encouraging local permit holdings. Here again, our analyses 

highlight the vital role of permit gifting as a mechanism for supporting local holdings of Bristol Bay 

salmon drift gillnet permits. It is a truism that in a Limited Entry fishery, in the end, relaxing constraints 

on vessel capacity and gear power only benefits shipyards and chandlers. A corollary is that relaxing 

constraints on vessel capacity and gear power increases barriers to entry that disproportionately 

disadvantage young fishermen and residents of rural regions.

While most of the loss of limited entry permits from regions nearest the fishery is a result of 

sales, over time, migration of permit holders has been another significant component of the decline in 
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local holdings of fishing permits. Surprisingly, in our analysis of nine gillnet fisheries in Southeast 

Alaska, Southcentral Alaska, and Southwest Alaska, differences in wage rates, unemployment rates, and 

exvessel prices of salmon did not help explain the variation of permit migration over time or across 

fisheries. Instead, permit migration was affected by differences in the average number of days when 

landings occurred, changes in the market value of LEPs, fishery-to-fishery differences in the total number 

of LEPs, and annual differences in the number of latent (unfished) permits. Unfortunately, except for 

season length, the factors that affect permit migration are outside the influence of fishery regulators. 

Furthermore, while fishery regulators can affect season length, they cannot control the biology and 

phenology that determine salmon run timing or the scale efficiencies that factor into when seafood 

processors will be willing buyers.
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