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1. Project Overview 
1.1. Introduction 

Fisheries management regulations for the Bering Sea groundfish fisheries have been 

incrementally developed over time in response to changes in legislation, resource conditions, 

catches, industry structure, scientific information and many other factors. Each new layer of 

regulation has been added to achieve a specific objective—without necessarily considering the 

incremental effects on the objectives of the overall management system. Furthermore, existing 

regulations have not typically been redesigned to minimize their adverse effects when interacting 

with newly added layers of regulations. The result is an increasingly complex and rigid system of 

layered management that restricts the adaptive capabilities of fishermen that are necessary for 

achieving both economically and ecologically sustainable exploitation.  

The purpose of this study is to evaluate the current management system that governs the 

Bering Sea groundfish fisheries and examine whether a simpler set of better-coordinated 

regulations might result in higher sustainable harvests or lower harvesting costs, with no 

appreciable effects on ecosystem composition and functioning.  To accomplish this task, we  

developed a bioeconomic model based on spatial and temporal fishing opportunities, ecological 

conditions and regulatory constraints. The multi-fishery simulation model is capable of 

evaluating what the biological and economic outcomes would have been in recent years, had the 

system of regulations been different. Using prevailing stock conditions and fishing pressure 

predictions from our model, the stock and economic outcomes in different Bearing Sea 

groundfish fisheries can be compared under alternative combinations of regulations in order to 

identify those regulations that allow increased fishery benefits and meet ecosystem goals. 

The specific application of this project was to develop a modeling framework that is capable 

of evaluating policy alternatives that address the regulatory mechanisms that inhibit the Bering 

Sea groundfish 2 million mt Optimum Yield (OY) from being harvested. A back-of-the-envelope 

calculation indicates that the wholesale value of foregone harvests over the last decade ranges 

from approximately 100 to 500 million dollars annually. Several different regulatory 

mechanisms have been used in multispecies fisheries worldwide to address the challenge of 

“catch-quota balancing”, all of which are relevant for facilitating the harvest of the 2 million mt 

OY in the BSAI groundfish fisheries. Our goal was to evaluate the relaxation of a rigid 

regulatory characteristic of the BSAI groundfish management system—namely, the non-
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tradability of quota across sectors.  Allowing for cross-sector trade should enable reallocations of 

quota over the year such that quotas better balance against catch compositions. 

Evaluating the non-tradability of quota across sectors requires developing and estimating 

models for all major fleets in the Bering Sea groundfish fisheries. These models must be capable 

of predicting how the catch composition of a fleet changes under different regulatory measures, 

total allowable catches (TACs), and fleet apportionments of the TACs. Accordingly, we 

developed an empirical modeling framework in which industry is faced with an annual planning 

problem: the allocation of intra-annual fishing effort to maximize annual profits, while balancing 

their annual catch composition with a portfolio of multispecies quotas. Interviews with industry 

representatives indicated that the primary ways vessels adjust their catch composition throughout 

the year is by adjusting where and when they fish, and what they are fishing for (i.e. their target 

or directed fishery). Thus, our model depicts fleet behavior as a two-stage decision process, 

whereby a fleet allocates fishing effort across broader fishing opportunities in the first stage 

(such as a target fishery), and subsequently allocates fishing effort across more refined fishing 

opportunities in the second stage (such as a fishing location). This two-stage decision process 

takes place in every time step (e.g. weekly) and is influenced by the prevailing biological (e.g. 

CPUE), economic (e.g. remaining quota), regulatory (e.g. time-area closures), and environmental 

(e.g. ice cover) conditions. Using our estimated model, we are able to simulate area- and fishery-

specific fishing effort under observed and hypothetical regulatory measures. Furthermore, our 

model is capable of simulating changes in annual catch compositions resulting from changes in 

fishing behavior induced by changes in regulatory measures. 

We were able to implement our modeling framework for the American Fisheries Act (AFA) 

Offshore fleet and the Amendment 80 (A80) fleet. In particular, for these two fleets, we are able 

to simulate historical fishing effort and catches, and conduct fleet-specific policy simulations, 

with varying degrees of success. Unfortunately, data and time limitations prevented us from 

implementing the model for the other major Bering Sea groundfish fleets—namely the AFA 

Inshore and Mothership fleets, as well as the Freezer longline fleet—and therefore, we were not 

able to evaluate the relaxation of the non-tradability of quota across sectors. Despite this, we 

believe that this project has made a significant contribution towards developing a framework for 

conducting both fleet-specific and multi-fleet evaluations of alternative management policies for 

Bering Sea groundfish fisheries. This is an important contribution given the shortcomings that 
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have recently been identified in current methods for evaluating potential prohibited species catch 

(PSC) management measures for the AFA fleet (Chinook salmon) and the Amendment 80 fleet 

(Pacific halibut). The development and expansion of these methods for policy evaluation in the 

Bering Sea groundfish fisheries remains an active area of research for the research team, and we 

expect this research to make significant contributions to the management of Bering Sea 

groundfish fisheries in the near future. 

1.2. Project Implementation 

1.2.1. The Big Picture 
In order to evaluate what the biological and economic outcomes would have been in the Bering 

Sea groundfish fisheries had the system of regulations been different, a model is required that 

links regulations, to fleet outcomes, to biological outcomes (Figure 1). Importantly, such a model 

must be mechanistic. A mechanistic model describes the underlying processes and relationships 

that drive the observed economic and biological patterns in the Bering Sea groundfish fisheries. 

In contrast, a purely statistical (or reduced form) model uses observed economic and biological 

patterns to calibrate model outputs to past observations. While a statistical model is sufficient for 

evaluating scenarios that leave existing regulation in place, it is not capable of evaluating 

scenarios with regulations that have never occurred.  A mechanistic model, in contrast, is capable 

of evaluating different regulatory scenarios because it can generate hypothetical outputs resulting 

from the interaction between the underlying economic and biological processes and the 

hypothesized regulatory scenarios. 

 Figure 1 provides an overview of the main components that make up the Bering Sea 

groundfish fisheries.1 The Council Process consists of carrying out and implementing important 

pieces of federal legislation, most notably the Magnuson-Stevens Act, the National 

Environmental Policy Act, the Endangered Species Act, and the Marine Mammal Protection Act. 

The Council meets these mandates by developing and implementing management measures that 

regulate the fishing industry’s use of fishery resources. Examples of such regulations include 

setting Allowable Biological Catches (ABCs), species- and fleet-specific Total Allowable 

Catches (TACs), and spatial and temporal fishery closures.  These regulations determine the 

                                                
1 Figure 1 is a simplified depiction of the various components of the Bering Sea groundfish fisheries and necessarily 
omits other important processes, especially those that connected the Bering Sea groundfish fisheries to external 
forces, such as market forces, political forces, and environmental forces. 
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institutional setting in which the fishing industry acts. In particular, the regulations set by the 

Council Process feed into an Industry Process, whereby companies and vessel owners choose 

where, when, how, and for what to fish. In turn, the Industry Process feeds into the Biological 

Process—for example, through species- and age- specific catch compositions—and back into the 

Council Process—for example, through lobbying efforts. The Biological Process represents the 

mechanisms that determine abundance, its age and species composition, and its spatiotemporal 

distribution, in response to harvesting activities of the industry. The Biological Process in turn 

feeds into the Council Process—for example, through the setting of TACs and spatiotemporal 

closures—and back into the Industry Process—for example, through changes in the 

spatiotemporal distribution of abundance. Thus, the regulatory process, industrial process, and 

the biological process are linked in many different and complex ways. In order to evaluate 

hypothetical management scenarios for Bering Sea groundfish fisheries, it is therefore important 

to understand the underlying mechanisms for each process, as well as the mechanisms that link 

the different processes. 

 In this project, we focus on only a subset of the processes and linkages presented in 

Figure 1—namely the Industry Process and the link between regulations, industry behavior, and 

catch and economic outcomes. In particular, we build a model that is capable of evaluating the 

fishing industry’s short-run response to particular management measures, and how this translates 

into annual catch and profit outcomes. We do not attempt to model how the Industry Process 

feeds into the Biological Process, or how the Biological Process feeds back into the Industry 

Process and Council Process. Nor do we attempt to model the Council Process itself. While 

such mechanisms are important for understanding the system in its entirety, focusing on the 

Industry Process is a necessary first step for evaluating system-wide impacts of different 

regulatory measures. In the future, our model could be combined with models of the biological 

and Council processes for a more holistic evaluation of the Bering Sea groundfish fisheries 

management system. 

1.2.2. The Research Process 

Evaluating the current management system that governs the Bering Sea groundfish 

fisheries is a formidable task as it requires a sound understanding of how the current 

management system actually works, and how the industry perceives and responds to the 

management system. Not only is the current regulatory system extremely complicated and 
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difficult to understand, but it affects members of the fishing industry in very heterogeneous 

ways, with implications that are not easily understood. We therefore took an iterative approach to 

the proposed research, whereby we followed an inductive process of moving back and forth 

between hypothesis, observation, and testing. Such an approach begins with an initial hypothesis, 

which is subsequently refined and clarified through detailed observations, which informs the 

collection of appropriate data and the formulation of the models. As the economic and regulatory 

environment becomes clearer over the course of the project, the data-collection and modeling 

strategy can be adjusted in response. Following this approach, our research process took on the 

form depicted in Figure 2.  

1.2.2.1. Phase I: Understanding the fisheries 

Our initial hypothesis for this project was that a simpler set of better-coordinated regulations for 

the Bering Sea groundfish fisheries might result in higher sustainable harvests or lower 

harvesting costs, with no appreciable effects on ecosystem composition and functioning. While 

this hypothesis was generally supported by all industry and management personnel consulted 

throughout the project, it was quite broad, open ended, and overly ambitious. More refinement 

was needed to develop a set of testable hypotheses regarding the complicated nature of the 

Bering Sea groundfish fisheries.  

Throughout the entire project, the research team spent a considerable amount of time 

“Understanding the Fisheries” (Phase I). The goal of Phase I was to develop an understanding of 

the current management system and its perceived deficiencies, in order to refine our initial 

hypothesis and to shape the modeling framework used for hypothesis testing. Phase I consisted 

of the following three tasks: i) conducting “detective work”; ii) acquiring, assembling, and 

understanding datasets; and iii) conducting interviews with Bering Sea fleet managers, fishery 

managers, and fishermen. Our detective work primarily consisted of attending industry and 

management meetings, and digging through regulatory documents, stock assessments, Council 

analyses, and industry reports. This detective work was essential for the project team to 

understand the general framework within which the groundfish fisheries operate, the context of 

the different fleets, and the detailed regulations that affect the operational capacity of the fleets. 

While Figure 2 depicts Phase I as being the first stage of the research process, we continually 

revisited this phase of the project, as we learned and discovered new elements of the 

management process along the way. While the major output of this detective work was the 
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development of our understanding of the fisheries for use in the latter phases of the project, we 

summarize our understanding of the historical and current context of the Bering Sea groundfish 

regulatory system in Section 2 and the groundfish fleets in Section 3 of this report. 

A considerable amount of time was also spent acquiring and assembling datasets to be used 

for model development, estimation purposes, and hypothesis testing. Many of the acquired 

datasets were publicly available, such as trawl survey information, while access to other non-

public datasets, such as North Pacific groundfish observer data, required establishing 

partnerships external to this project. Ultimately, we assembled multiple datasets for use in this 

project: daily and weekly catch and participation, by fleet, area, and target fishery; estimated 

CPUE maps, by year, week, fleet, species and target fishery; fishery and spatial closures, by 

year, fleet, fishery, and area; and annual TACs, ABCs, fleet allocations, prohibited species 

allocations, and quota allocations. The primary data sources used to assemble these datasets are 

outlined in Appendix B. 

Early on in the project, we conducted detailed interviews with Bering Sea fleet managers, 

fishery managers, and fishermen, in order to gain a detailed picture of how fishery participants 

and managers perceive how regulations actually work and what their effects are. What actually 

happens in fisheries is always more complex and nuanced than what is described in regulations 

and management reports. In addition, the interviews provided an opportunity to gain an 

understanding of important tradeoffs fishermen face when making decisions. Creating a 

mechanistic model of fishing behavior requires a reasonably accurate depiction of a fisherman's 

decision-making process. Our goal was to gain insight into the important aspects of fishing 

decisions to incorporate them as best possible into our behavioral model. Insights gained from 

our interviews were critical for designing the fleet model in Phase II. The interviews were also 

critical for refining our initial hypothesis. In particular, we were able to gain input from the 

industry concerning alternative policy scenarios that were both relevant from the perspective of 

Bering Sea groundfish participants and tractable from a modeling perspective. Additional details 

regarding the interviews is given in Section 4 of the report. 

1.2.2.2. Phase II: Developing alternative policy scenarios and an empirical fleet model 
The development of our understanding of the fisheries in Phase I was essential for developing 

alternative policy scenarios and a mechanistic model of the fleet.  Our interviews with industry 

representatives indicated interest in evaluating policy alternatives that address regulatory 
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mechanisms that inhibit the 2 million mt OY from being harvested—particularly those that 

facilitate “catch-quota balancing”. We therefore refined the scope of our analysis to investigate 

the hypothesis that allowing for the cross-sector trading of quota should enable reallocations of 

quota over the year such that quotas better balance against catch compositions.  

Evaluating the non-tradability of quota across sectors requires developing and estimating 

models capable of predicting how the catch composition of a fleet changes under different 

regulatory measures, total allowable catches (TACs), and fleet apportionments of the TACs. 

Accordingly, we developed an empirical modeling framework in which industry is faced with an 

annual planning problem: the allocation of intra-annual fishing effort to maximize annual profits, 

while balancing their annual catch composition with a portfolio of multispecies quotas. 

Interviews with industry representatives indicated that the primary ways vessels adjust their 

catch composition throughout the year is by adjusting where and when they fish, and what they 

are fishing for (i.e. their target or directed fishery). Thus, our fleet model was designed to be 

capable of capturing these primary decision margins in a way that is practical for investigating 

the complicated interaction between industry fishing behavior and the many regulatory 

constraints that dictate where, when, and for what vessels can fish.  

In order for the fleet model to operate and produce policy simulations regarding catch 

compositions, it was necessary to develop a biological model that provides species distributions 

and abundances in space and time. Importantly, the spatial and temporal heterogeneity in species 

distributions provides the mechanism through which the fleet is able to alter their behavior and 

adjust their catch compositions to be consistent with their quota allocations. We estimate catch 

per unit effort (CPUE) values for multiple species for all possible area, time, and target fishery 

combinations, even for those combinations with no observed CPUE values. It is important to 

note that the biological model itself is not a mechanistic model of the Biological Process 

depicted in Figure 1; rather, it is a statistical model that captures the historical spatial and 

temporal patterns of CPUE. Thus, there is no potential feedback from the biological model to the 

fleet model, and vice versa. A description of the biological and fleet models is given in Section 5 

of the report.  

1.2.2.3. Phase III: Historical simulations 
We took the conceptual fleet and biological models developed in Phase II and applied 

them to the Amendment 80 fleet and the AFA Offshore fleet, with the goal of evaluating the 
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model’s capability of reproduce historical effort and catch distributions. This is an important and 

necessary verification exercise for determining whether the model is capable of producing 

realistic predictions for the Bering Sea groundfish fisheries in alternative policy scenarios. As 

shown in Figure 2, there was a considerable amount of iteration between the historical 

simulations in Phase III, the development of the policy scenarios and the biological and fleet 

models in Phase II, and the “understanding the fisheries” process in Phase I. For example, there 

were many instances in which the biological and fleet models were revised to account for 

management regulations that we didn’t initially understand, which were highlighted by poor 

predictions in our historical simulations. 

1.2.2.3.1. The Amendment 80 fleet 
The Amendment 80 fleet provides a unique opportunity to apply the methods developed 

for the fleet and biological models because of the tremendous data coverage that exists for this 

fleet. Because all vessels in this fleet are catcher processor trawlers and primarily participate in 

North Pacific federal groundfish fisheries, we have a nearly comprehensive dataset of fishing 

effort across all fisheries in the Bering Sea, Aleutian Islands, and Gulf of Alaska. For the 

Amendment 80 fleet, we model effort decisions at the week level, where a fishing day is a unit of 

effort, and model how vessels or companies allocate the number of days in a week across various 

“métiers”, defined as a fishing location and directed fishery combination. For example, in any 

given week, a vessel is modeled as allocating fishing days to directed fisheries—such as rock 

sole, yellowfin sole, and/or other BSAI/GOA fisheries (including not fishing at all)—in the first 

stage. In the second stage, a vessel allocates fishing days across locations, conditional on the 

fishery chosen in the first stage. For instance, if a vessel decides to allocate a certain amount of 

fishing days to the directed rock sole fishery, then those fishing days are subsequently allocated 

across fishing locations. We model fishing locations at the level of NMFS management areas and 

we model the main directed fisheries for the Amendment 80 fleet in the Bering Sea (rock sole, 

yellowfin sole, flathead sole, Pacific cod, Pacific ocean perch, Arrowtooth flounder, and 

Greenland turbot), Aleutian Islands (Atka mackerel, Pacific ocean perch, Pacific cod, 

Arrowtooth flounder, and Greenland turbot), and the Gulf of Alaska (groundfish, flatfish, and 

rockfish).  

The model predictions of weekly targeting patterns for the Amendment 80 fleet are fairly 

consistent with those that are actually observed. In fact, the model is able to predict effort 
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distributions out-of-sample quite accurately. However, these predictions are generated using the 

exogenously-determined values of predictor variables that have been observed in the past—such 

as the amount of quota that a vessel has remaining in a season. When the predictor values are 

allowed to be determined endogenously, as is necessary for alternative policy simulations, the 

model predictions do not accurately reflect the observed targeting decisions of the fleet. We 

believe that outliers from the estimated CPUE distributions are responsible for the poor 

simulation results, and the research team is actively engaged in correcting this issue. Once we 

have ironed out this issue, we anticipate that the Amendment 80 application will be capable of 

evaluating a number of interesting and relevant fleet-specific policy alternatives. The details of 

the Amendment 80 application are given in Section 6. 

1.2.2.3.2. The American Fisheries Act Offshore fleet 
The AFA Offshore fleet provides a less-than-ideal opportunity for applying our fleet and 

biological models to explore policy alternatives. This is due to the fact that vessels in the AFA 

Offshore fleet participate in fisheries in both Alaska and the West Coast. Capturing the fishing 

opportunities in the West Coast is important for understanding the behavior of this fleet in 

Alaskan fisheries because it partially determines which fisheries the AFA Offshore fleet will 

participate in between the A- and B-season quota for pollock. Unfortunately, we were only able 

to acquire limited data for the relevant West Coast fisheries. In addition, we were not able to 

acquire fishing activity in the Aleutian Islands for the Offshore fleet. Thus, vessels are 

unobserved during many weeks: the vessel may be docking for maintenance, operating in the 

Aleutian Islands, or operating in fisheries outside of Alaska.  In response, we modeled the AFA 

Offshore fleet at a more aggregated level than the Amendment 80 fleet. Given limited data on the 

activities outside of the Bering Sea, we do not distinguish between them, and instead define the 

catcher-processors’ choice set by two stage-1 alternatives (Alaska and “outside of Alaska) and 

two stage-2 alternatives under the Alaska branch (pollock and yellowfin sole). We model effort 

as allocating an entire week to a region and fishery, as opposed to the number of days in a week 

for the A80 fleet. The total number of vessels operating in the West Coast Pacific hake fishery 

(not just AFA vessels) is used as a proxy of attractiveness of Pacific hake fishery. 

Given the more aggregated level, the model does remarkably well at predicting 

participation in the BS pollock fishery. This is true for both in-sample and out-of-sample 

predictions. When predictor variables, such as quota usage, are allowed to be determined 
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endogenously, the model is still able to predict observed vessel participation quite well, and does 

not run into the same problem as the Amendment 80 application. Thus, we deem that the model 

estimated for the AFA Offshore fleet is capable of conducing policy simulations, which are 

discussed in the following section. The details of the AFA Offshore application are given in 

Section 7. 

1.2.2.3.3. AFA Inshore, AFA Mothership, and Freezer Longline fleets 
Unfortunately, we were not able to apply the fleet and biological models to the AFA Inshore, 

AFA Mothership, and Freezer Longline (FLL) fleets. This is primarily due to two reasons. First, 

the applications to the AFA Offshore and Amendment 80 fleets were to serve as a “proof of 

concept” for the biological and fleet models. Our initial plan was to implement the models for 

the AFA Inshore, AFA Mothership, and FLL fleets once we had sufficiently developed and 

tested the modeling framework for the AFA Offshore and Amendment 80 fleets. Given the 

trouble we had with the historical simulations for the Amendment 80 fleet, we decided not to 

expand the model to additional fleets until we could troubleshoot the model for the Amendment 

80 fleet. In short, we simply underestimated the amount of time it would take to implement the 

model for the AFA Offshore and Amendment 80 fleets, and eventually ran out of time. 

 Second, the remaining fleets have data limitations that create complications for the 

implementation of our modeling framework. In particular, AFA catcher vessels are only partially 

observed when participating in non-pollock fisheries in the Bering Sea, Aleutian Islands, and 

Gulf of Alaska. Thus, a large portion of their fishing effort is unobserved, and therefore hard to 

capture the choice sets and decision margins for this fleet. While fish ticket data may alleviate 

this problem to some extent, we were not able to acquire such data. Similarly, the FLL fleet has 

only been fully observed in recent years, resulting in a large portion of effort being unobserved. 

Again, while processor production reports may be able to alleviate this problem to some extent, 

we were not able to acquire such data.  

 The research team is still interested in applying our methods to these fleets and tackling 

some of the data issues that come along with them.  

1.2.2.4. Phase IV: Policy simulations 

Given the difficulties we encountered with the historical simulations for the Amendment 80 fleet, 

we decided to conduct policy simulations for the AFA Offshore fleet, as a way to demonstrate 

how the fleet models can be used to investigate alternative policy scenarios.  
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 We apply the simulation model for the AFA Offshore fleet to examine a potential policy 

alternative that has been raised for analysis in the Council Process—namely, opening the B 

season for pollock earlier. Specifically, we simulate the AFA Offshore fleet’s fishery target 

choice in a response to opening the B season two weeks earlier, holding the end date of the 

season at the status quo. The aim of this change is to provide the fleet an opportunity to utilize 

their pollock quota with lower prohibited species takes. In particular, we hypothesize that if the 

B season were to open earlier, the fleet will be able to catch pollock and use their quota before 

Chinook salmon CPUE increases at the end of the season. A significant countervailing 

consideration with the proposal of opening the B season earlier is the non-Chinook bycatch 

species. While there is a lower Chinook salmon CPUE rate in the early periods in the B season, 

the non-Chinook salmon CPUE is not negligible. Therefore, shifting the timing of participation 

may trade off greater bycatch of non-Chinook salmon against Chinook salmon. Therefore, our 

interest in this policy change is the changes in the timing and total amount of bycatch species 

caused by changes in the target species choice of the harvesters. 

 The policy simulation results show that the fleet chooses to target pollock in the early 

weeks in the B season, and stop targeting pollock earlier than in the status quo prediction. In 

other words, the participation pattern shifts toward the beginning of the B-season. This is an 

expected result, because Chinook salmon CPUE is very low in the beginning of the season, and 

the model reflects harvesters’ desire to avoid high Chinook encounter rates later in the season. In 

addition, our policy simulation shows that while the total amount of Chinook bycatch decreases 

with the policy change, non-Chinook catch is not affected very much, and even slightly 

decreases. Overall, our policy simulation shows that by opening the B season earlier than the 

current date, harvesters obtain the opportunity to catch pollock and exploit their allocated pollock 

quota earlier in the season, resulting in decreased Chinook salmon bycatch without damaging 

non-Chinook salmon bycatch. The details of the policy simulation are given in Section 7.4. 

1.3. Project Outputs 

As discussed in the previous section, we were able to implement our modeling framework for the 

American Fisheries Act (AFA) Offshore fleet and the Amendment 80 (A80) fleet. In particular, 

for these two fleets, we are able to simulate historical fishing effort and catches, and conduct 

fleet-specific policy simulations, with varying degrees of success. Unfortunately, data and time 

limitations prevented us from implementing the model for the other major Bering Sea groundfish 
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fleets—namely the AFA Inshore and Mothership fleets, as well as the Freezer longline fleet—

and therefore, we were not able to evaluate the relaxation of the non-tradability of quota across 

sectors. In addition, difficulties in the historical simulations for the Amendment 80 fleet 

prevented us from conducting policy simulations for this fleet. Nonetheless, we believe that this 

project has made a significant contribution towards developing a framework for conducting both 

fleet-specific and multi-fleet evaluations of alternative management policies for Bering Sea 

groundfish fisheries. This is an important contribution given the shortcomings that have recently 

been identified in current methods for evaluating potential prohibited species catch (PSC) 

management measures for the AFA fleet (Chinook salmon) and the Amendment 80 fleet (Pacific 

halibut). 

 We are currently in the process of preparing multiple manuscripts from this research for 

submission to peer-reviewed journals. The first manuscript is a “methods paper” that develops 

the two-stage fishery and location choice model presented in Section 5. We will use the 

Amendment 80 application in Section 6  as an example of how our model can be implemented 

and used for policy analysis—provided that we can iron out the current roadblocks we have 

encountered. In particular, we will conduct policy simulations for the Amendment 80 fleet under 

lower allocations of halibut PSC. 

 The second manuscript investigates the role of aggregating decision margins in predictive 

models of fleet behavior. In particular, what is the added value of incorporating spatial decisions 

in models of fishery choice? As discussed below, the scale at which modeling takes place is an 

interesting and challenging question for a researcher. In particular, does modeling the spatial 

dimension matter when investigating non-spatial policies? We are using both the Amendment 80 

and AFA Offshore fleet applications to investigate these questions. 

 The third manuscript is a “policy paper”  describing the Bering Sea layer cake of 

regulations, which will ultimately extend the description of the common property institutions in 

the BSAI groundfish fisheries in Holland and Ginter (2001). In particular, this manuscript will 

discuss how the delineation of the groundfish fisheries into homogenous fleets with common 

vessels and gear type may have promoted cooperative management, but may have come at the 

cost of allocation problems across fleets (e.g. Pacific cod, halibut PSC, Chinook salmon PSC). 

 We have already submitted multiple proposals for funding extensions to the work 

completed in this project (e.g. NPRB, Saltonstall-Kennedy). These proposals address some of the 
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research challenges we encountered during the lifetime of this project, which are highlighted in 

the following section, as well as extend our framework to different management areas and fleets, 

such as the Gulf of Alaska. 

 Finally, this project resulted in considerable institutional knowledge building for 

investigators Matt Reimer and Chris Anderson, who have both taken positions as members of the 

Science and Statistical Committee (SSC) for the North Pacific Fisheries Management Council. 

As previously discussed, a great deal of time during this project was spent in the Phase I 

“Understanding the Fisheries” stage. We believe this has been a valuable asset to us in terms of 

moving our fisheries research agendas forward for fisheries in the North Pacific and developing 

the institutional knowledge that is necessary to due diligence as an SSC member.  

1.4. Directions for future research 

Throughout the duration of this project, we have run into a number of methodological 

challenges, some of which we were able to overcome, and some of which we were not successful 

in addressing. Some of these challenges are very important for moving forward towards policy 

evaluation in the Bering Sea groundfish fisheries. We briefly discuss these challenges below. 

When constructing a model of fleet behavior, a series of modeling decisions must be made 

prior to model estimation: Who is the decision maker? Over what period of time are decisions 

being made? How are decision margins aggregated? What are the other primary decisions being 

made by decision units? Ultimately, researchers must find a balance between defining decision 

margins that represent the “true” choice alternatives of fishers while keeping the number of 

decision margins manageable and tractable. As an example, if we define fishing locations at a 

relatively fine scale to capture the fact the spatial and temporal fishing decisions are continuous 

(as opposed to discrete) choices, then we reduce the risk of aggregation bias and increase our 

ability to identify “policy-invariant” parameters that enable the investigation of alternative policy 

measures. However, with increased fineness, we are less likely to obtain meaningful information 

from the data for a given location due to the sparseness of the data and increasingly likely to 

misspecify fishers’ preferences and information sets, which can magnify prediction error through 

post-estimation aggregation. Achieving this balance is critical for conducting meaningful policy 

simulations. 

For the research conducted in this project, this problem was amplified due to the fact the 

multiple margins at different scales matter. For instance, decisions regarding annual quota 
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management likely takes place at multiple scales. At the more aggregate level, fishery 

participation over the season is likely to be captured sufficiently at a week—or perhaps even 

monthly—level, depending on the fishery. For modeling quota management, however, haul-level 

outcomes can be important, especially when recognizing that haul-level catch is stochastic (and 

sometimes highly variable) while quotas are typically “hard”. Thus, being able to incorporate 

decisions at multiple scales is an important, but under-researched area.  

In addition, our research modeled a dynamic decision-making process in a “reduced-form” 

way, in the sense that we did not solve the full dynamic program embedded in a harvester’s 

annual planning program. We therefore relied on identifying the shadow cost of using quota 

through the revealed choices fishermen, as opposed to identification through the imposition of 

strong structural assumptions of dynamic optimization. While this may be sufficient in some 

cases, particularly those in which quota is exhausted and binding, it is insufficient for examining 

policies related to quotas for species that have not been binding in the past. As an example, since 

the implementation of Amendment 91, Chinook salmon bycatch has be very low and well below 

the current hard caps. Thus, with our approach, we are not able to evaluate policies related to 

reducing Chinook salmon PSC allocations because we have never seen behavior induced by 

binding (or nearly binding) quota. Thus, an important future research area is the development of 

empirical dynamic programing methods that are able to capture location and fishery choices. 

2. BSAI Groundfish Management: An Overview 

The Federally managed groundfish fisheries off Alaska are some of the Nation’s most important 

in terms of quantity of fish caught and value of products produced. The catch from these 

fisheries totaled 2.2 million tons and $878 million in ex-vessel value in 2013, accounting for 

48% and 22%, respectively, of the total weight and ex-vessel value of U.S. domestic landings in 

2012 (Fissel et al., 2014). Alaska’s Fishery Management Plans (FMPs) for groundfish are 

divided into two geographic regions, the Bering Sea and Aleutian Islands area (BSAI) and the 

Gulf of Alaska (GOA). The BSAI supplies the largest portion of catch and ex-vessel value to 

Alaska’s federal groundfish fisheries at 88% and 79%, respectively, in 2013. 

 The federal groundfish fisheries off Alaska consist of a wide variety of fishing vessels, 

ranging from small skiffs using longlines to catch halibut, to large catcher-processors (CPs) 

which catch and process groundfish in the Bering Sea (NPFMC, 2012). Vessels are grouped into 

fleets based on their target species, vessel and gear type, licenses, and/or eligibility for catch 
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share programs. Distinguishing between fleets is an important task when considering the Alaskan 

federal groundfish fisheries, as each fleet is regulated differently, in terms of which species (and 

how much) they are allowed to catch and retain, who is allowed to participate, and where and 

when they are able to fish. Moreover, fleets are not mutually exclusive, as many vessels are 

members of multiple fleets (see Table 1 for an example).  

2.1. The Evolution of Layered Management: A Brief History  

The Magnuson-Stevens Fishery Conservation and Management Act (MSA) of 1976 established 

the North Pacific Fishery Management Council (NPFMC), along with seven other regional 

fishery management councils. The NPFMC was given authority to, among other things, 

determine whom, or which vessels, may take part in the federally managed groundfish fisheries 

off Alaska. The MSA brought about an opportunity to transform the massive stocks of 

groundfish in the North Pacific from being open access fisheries dominated by foreign fleets 

(Holland, 2000). The initial Fisher Management Plans (FMPs) adopted by the NPFMC sought to 

remedy overfishing by foreign fleets through the establishment of catch reductions and the 

implementation of a catch-quota management system (Megrey and Wespestad, 1990). 

 The NPFMC began managing the groundfish complex by setting optimum yields (OY) 

for each of the main species and species complexes: pollock, yellowfin sole, other flounders, 

Pacific ocean perch, sablefish, Pacific cod, herring, squid, and other species. The total removals 

of groundfish were regulated through annual quotas, or total allowable catches (TACs). Foreign 

vessels were required to report catch and effort, monthly and annually, and provide check-in and 

check-out reports by radio. Further, all vessels were required to provide accommodations for an 

observer. The National Marine Fisheries Service was made responsible for in-season 

management of the fisheries, and closed directed fisheries for each species or complex whenever 

the TAC was taken (NOAA, 2004). The concerns over bycatch of “prohibited species”—i.e. 

species traditionally harvested by domestic fisheries, such as Pacific halibut, Pacific herring, red 

king crab, Tanner crab, and Pacific salmon—were also recognized by the NPFMC. Bycatch 

limitation zones and prohibited species catch (PSC) limits for red king crab and halibut—

apportioned to specific target species, such as flatfish—were established early on in the 

management process, in addition to area closures for particular gear types (Witherell and 

Pautzke, 1997). Time-area closures were also used to protect domestic fishermen from grounds 

preemption and gear conflicts caused by mobile foreign trawl gear. In short, early regulations of 
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the BSAI were primarily designed to control the predominantly foreign fisheries; however, the 

fundamental management tools that were established would ultimately serve as the basis for 

managing domestic fishing later on (NOAA, 2004). 

 During the 1980s, the NPFMC implemented a policy of “Americanization”, whereby 

catches of foreign participants were restricted, eventually leading to their exclusion from the 

fisheries within the US EEZ. Successful Americanization of the domestic groundfish fishery 

eventually led to rapid growth in the number of domestic vessels—including the building of a 

large number of catcher-processor vessels, increased conversions of surplus oil rig tender vessels 

to fishing vessels, and the attraction of vessels from areas with depressed fisheries such as new 

England—and increased fishing power due to improved fishing electronics, larger nets, etc. For 

example, the number of boats participating in the groundfish fisheries increased from slightly 

over 2,000 boats in 1977 to a fleet size of 4,963 boats in 1991 (Witherell, 1995). As a result, the 

larger number of vessels fishing for limited TACs created a race-for-fish, inducing shorter season 

lengths (some as short as a few weeks) for groundfish species that in the past had been fished all 

year (Megrey and Wespestad, 1990). In general, Americanization of the groundfish fisheries 

happened more quickly than anticipated, and left a “gap” in the regulatory structure that had been 

designed to manage foreign vessels and their impact on domestic fisheries. For example, very 

few regulations were designed to protect the traditional domestic fisheries for crab, halibut, 

salmon, and herring from the burgeoning new domestic groundfish fleet. Further, the demise of 

the foreign fleet left a gap in at-sea data collection since observers had only been required on all 

foreign (as opposed to domestic) fishing and processing vessels (NOAA, 2004). 

 The 1980s also saw the NPFMC move to a new process for setting target-species TACs, 

whereby an OY range of 1.4 to 2.0 million mt was set for the entire groundfish complex in the 

BSAI. TACs for each species were subsequently set such that each species’ TAC was below its 

individual OY, while the sum of all TACs did not exceed the upper end of the OY range for the 

groundfish complex. This TAC-setting process for the BSAI has largely remained constant to the 

present day, with adjustments over time to address new species (namely disaggregating species 

complexes into individual species) and region-specific stocks. In 1990, the NPFMC imposed an 

industry-paid comprehensive Observer Program on the domestic fleet that required 100 percent 

observer coverage on all vessels over 124 feet and 30 percent coverage on the between 60 feet 

and 124 feet (NOAA, 2004). The Observer Program implemented in 1990 has remained mostly 
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unchanged until being restructured in 2013. 

In 1992, the NPFMC took action to limit participation in BSAI groundfish fisheries by 

adopting a moratorium on entry of additional vessels into the groundfish fisheries. The 

moratorium on entry was eventually replaced with a license limitation program (LLP), which 

was implemented in 2000 (Holland and Ginter, 2001). While the moratorium placed a limit on 

the number of vessels that could participate in the groundfish fisheries, in practice, there were far 

more vessels than were necessary to efficiently harvest the TACs for the target species. As such, 

the remaining fleet competed with each other to secure shares of the TACs, both by racing for 

fish on the fishing grounds, and by competing for apportionments of the TACs within the 

Council process itself. The result was an array of amendments to the FMP that apportioned 

TACs and PSC limits across gear, vessel sizes and types (Holland and Ginter, 2001). In 1992, for 

example, the BSAI pollock TAC was split between vessels that delivered to offshore catcher 

processors (CPs) and vessels that delivered to onshore processors, which eventually led to the 

American Fisheries Act in 1998 (more on this below). Allocations were also made among gear 

groups in the BSAI Pacific cod fishery, whereby the TAC was trawl gear, fixed gear, and jig gear 

in 1994 (Witherell, 2000).  

 Over time, the NPFMC has gradually moved away from limited access “race-for-fish” 

management practices, and instituted some form of catch share programs in many of its fisheries. 

The halibut and sablefish Individual Fishing Quota (IFQ) program in the GOA was the first of its 

kind in the United States. The American Fisheries Act (implemented by U.S. Congress) and the 

Amendment 80 program brought about the creation of harvester cooperatives, which allowed 

vessels to allocate among themselves within a cooperative their sector's share of the target and 

PSC allocations. In general, the creation of these quasi-property rights to allocations of overall 

TACs to cooperatives has proven to be successful in ending the race for fish and generating 

efficiencies within each sector, largely due to the fact that these quasi-property rights are 

relatively secure and that allocations are made to relatively homogenous groups of vessels, as 

delineated by gear, vessel type, ownership, and target species (Holland and Ginter, 2001). 

However, as discussed extensively below, these “rights-based” management policies have been 

designed to achieve a specific objective—often for a specific user group—without necessarily 

considering the incremental effects on the objectives of the overall management system. Nor 

have previous regulations that were designed for the management of limited access foreign and 
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domestic fisheries been redesigned (or eliminated) to be consistent with regulatory programs 

added at later times. This has resulted in an increasingly complex and rigid system of layered 

management measures which may lead to suboptimal results, in the sense that the same 

biological objectives could be achieved with significantly greater net economic benefit to the 

nation. The nature of the current overlapping regulatory system for the BSAI groundfish 

complex is the focus of the remaining discussion in this section. 

2.2. Current BSAI groundfish management 

The Fishery Management Plan (FMP) for the groundfish fisheries of the BSAI consists of 

numerous regulatory measures aimed at meeting the National Standards of the MSA, as well as 

being consistent with the requirements of other regulations including the Marine Mammal 

Protection Act, the Endangered Species Act, the Migratory Bird Treaty Act, and several other 

Federal laws. Current regulatory measures include: setting OY and TACs for the main target 

species of the groundfish complex; apportioning TAC to user groups (or sectors), as defined by 

LLP endorsements; time, area, and gear restrictions;  setting and apportioning prohibited species 

catch (PSC) limits; and setting retention and utilization requirements. 

2.2.1. Setting Total Allowable Catches (TACs) 
Three reference points are used for management of groundfish fisheries in the BSAI. The 

overfishing level (OFL) is the catch limit which should never be exceeded. It is based on the 

fishing mortality rate associated with producing the maximum sustainable yield (MSY) on a 

continuing basis. The acceptable biological catch (ABC) is the annual sustainable catch limit, 

and is set lower than the OFL. The buffer between these reference points allows for scientific 

uncertainty in single species stock assessments, ecosystem considerations, and operational 

management of the fishery. The total allowable catch (TAC) is the annual catch target that 

incorporates economic considerations and management uncertainty. The BSAI groundfish FMP 

prescribes that TAC may equal but never exceed ABC, such that TAC≤ABC<OFL. The sum of 

TACs for all groundfish stocks must also remain below the upper limit of the OY range for the 

groundfish species complex (2 million mt), which can be (and often is) constraining. A TAC 

may be set lower than ABC for a variety of reasons, such as to remain under the 2 million mt OY 

upper limit for the groundfish species complex; to increase a rebuilding rate or address other 

conservation issues; to limit incidental bycatch; or to account for state water removals (NPFMC, 

2015b). 
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 Groundfish stock groupings for establishing TACs have evolved over time as new 

scientific information has become available and new markets have developed for certain species. 

The original fishery management plans set TACs for the few major target species (e.g., pollock, 

cod, sablefish), with the remaining species managed in a few complex groups (e.g., flounders, 

rockfish, other species). Over time, with new information and new fisheries developing, species 

were separated out from the complexes and assigned their own catch limits.2 Currently, the 

NPFMC sets catch limits for the following species: pollock, Pacific cod, flounders (Greenland 

turbot, arrowtooth flounder, Kamchatka flounder, yellowfin sole, rock sole, flathead sole, Alaska 

plaice, and other flatfish), sablefish, Atka mackerel, rockfish (Pacific Ocean perch, northern 

rockfish, rougheye/blackspotted rockfish, shortraker rockfish, and other rockfish), squid, skates, 

sharks, sculpins, and octopus (NPFMC, 2015b).   

The annual TACs for each of managed species for the years 2004 to 2013 can be seen in 

Figure 3. Pollock is clearly the dominant groundfish species in the BSAI, followed by Pacific 

cod, yellowfin sole, and (to a lesser extent) rock sole and Atka mackerel. Further, with the 

exception of the years 2008-2010 which were characterized by poor pollock stock assessments, 

the sum of the TACs has been constrained by the 2 million mt upper limit for the groundfish 

species complex. The constraining nature of the 2 million mt upper limit can be seen in Figure 4, 

which depicts the TAC to ABC ratio for each of the managed groundfish species in the BSAI. 

Prior to 2008, the majority species had TACs set well below their ABC due the constraining OY 

upper limit and the larger pollock TACs. In contrast, for the years 2008-2010, many species had 

TACs equal to their ABCs due to the fact that the pollock TACs and ABCs were less than two-

thirds of the pre-2008 size, creating “slack” under the 2 million mt limit for other species. This 

situation reversed to its pre-2008 status in 2011 when the 2 million mt limit was once again 

constraining due to a rebounding pollock ABC. In general, for years when the  2 million mt 

upper limit is constraining, increasing the TAC for one species must be balanced by a 

corresponding reduction in TAC for another species, creating a zero-sum game for the sectors 

participating in the BSAI groundfish fisheries. 

2.2.2. Apportioning the Total Allowable Catches 
Once TACs are set for the managed species of the BSAI groundfish fisheries, most are 
                                                
2 See NPFMC (2015b) for a more complete description of the evolution of stock groupings in the BSAI and GOA 
groundfish FMPs. 
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subsequently apportioned to specific sectors (as delineated by the endorsements on LLP permits, 

CDQ permits, and/or permits associated with catch share programs) and uses (e.g., as an 

incidental catch allowance in other directed fisheries). How TACs are apportioned between 

sectors differs across species, and is the result of nearly 40 years of managing disputes between 

domestic and foreign fleets in the North Pacific.  

2.2.2.1. BS Pollock 

The American Fisheries Act established eligibility to participate in the BSAI pollock fishery and 

how the pollock TAC is apportioned across the offshore, inshore, and mothership sectors.3 CDQ 

groups are allocated 10% of the pollock TAC and 3% is set aside as an incidental catch 

allowance (ICA) for pollock catch in other directed fisheries. The remaining TAC is divided up 

as follows: catcher vessel inshore sector (50%), catcher processor offshore sector (40%), and 

catcher vessel mothership sector (10%) (NPFMC, 2015a). Directed fishing for pollock is not 

permitted in the Bering Sea for non-AFA and non-CDQ vessels. 

2.2.2.2. BSAI Pacific cod 

Prior to 2014, Pacific cod was managed as a single stock in the Bering Sea and Aleutian Islands. 

The BSAI Pacific cod TAC is fully subscribed, and is targeted by multiple gear types—primarily 

by trawl and hook-and-line catcher processors, with smaller amounts taken by hook-and-line 

catcher vessels, jig vessels, and catcher vessels employing pot gear. The BSAI Pacific cod TAC 

has been apportioned among the different gear sectors since 1994, and a series of amendments 

have modified or continued this allocation system—with the most recent adjustment taking place 

in 2008 with Amendment 85. After 10.7% of the TAC is allocated to CDQ fisheries, the Pacific 

cod TAC is apportioned as follows (NPFMC, 2015a): 

• 48.7% to HAL CPs 
                                                
3 Pollock is actually managed as three separate stocks: the Eastern Bering Sea stock, the Aleutian 

Islands stock, and the Central Bering Sea-Bogoslof Island stock (NPFMC, 2015b). The Bogoslof 

District is closed to directed fishing for pollock, and a small amount pollock in this area is 

designated as incidental catch in other directed fisheries. The Aleutian Islands stock is fully 

allocated to the Aleut Corporation, for the purpose of economic development of Adak, after 

deducting 10% of the TAC for CDQ groups and a small incidental catch allowance for other 

directed fisheries. 
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• 0.2% to HAL CVs ≥ 60ft 

• 2% to HAL or pot CVs < 60ft 

• 1.5% to pot CPs 

• 8.4% to pot CVs ≥ 60ft 

• 1.4% to vessels using jig gear 

• 2.3% to AFA trawl CPs 

• 13.4% to non-AFA trawl CPs 

• 22.1% to trawl CVs 

2.2.2.3. BSAI Yellowfin sole 
After deducting 10.7% for CDQ groups and an ICA, the remaining yellowfin sole TAC is split 

between the non-AFA trawl CPs (i.e. A80 vessels) and the BSAI trawl limited access sector. The 

proportion of the remaining TAC that is allocated to either sector depends on the size of the 

yellowfin TAC, and ranges from 93% for the non-AFA trawl CPs when the yellowfin TAC is 

small (≤87,800mt) to 60% for the non-AFA trawl CPs when the yellowfin TAC is large 

(>125,000mt) (see p.57 of NPFMC, 2015a). 

2.2.2.4. AI Atka mackerel 
Prior to 1992, the Atka mackerel ABC and TAC were set for the entire Aleutian Islands district 

with no additional spatial management. In 1993, the Council recognized the need to disperse 

fishing effort throughout the range of the stock to minimize the likelihood of localized 

depletions, and apportioned the Atka mackerel ABC geographically. Currently, the Atka 

mackerel ABC is divided across the Western Aleutian District, Central Aleutian District, and 

Eastern Aleutian District/Bering Sea. CDQ groups are currently allocated 10.7% of the total AI 

Atka mackerel TAC. After subtracting an ICA, the remaining portion of the Atka mackerel TAC 

is apportioned as follows (as of 2012): 

• Western Aleutian District: 100% to non-AFA CP trawlers (i.e. A80 vessels). 

• Central Aleutian District and Eastern Aleutian District/Bering Sea: 90% to non-AFA CP 

trawlers, 10% to BSAI trawl limited access sector.4 

                                                
4 Up to 2% of the Eastern Aleutian District/Bering Sea TAC is also required to be allocated to jig gear. The 90% and 
10% apportionments to the A80 and trawl limited access sectors, respectively, take place after the jig allocation is 
deducted (NPFMC, 2015a)  



 22 

2.2.2.5. AI Pacific ocean perch (POP) 
Similar to Atka mackerel, the POP ABC is currently divided across the Western Aleutian 

District, Central Aleutian District, and Eastern Aleutian District. CDQ groups are currently 

allocated 10.7% of the total AI POP TAC. After subtracting an ICA, the remaining portion of the 

Atka mackerel TAC is apportioned as follows (as of 2009): 

• Western Aleutian District: 98% to non-AFA CP trawlers, 2% to BSAI trawl limited 

access sector. 

• Central Aleutian District and Eastern Aleutian District: 90% to non-AFA CP trawlers, 

10% to BSAI trawl limited access sector. 

2.2.2.6. Rock sole and Flathead sole 
After subtracting 10.7% for CDQ groups and an ICA, the remaining TAC for rock sole and 

flathead sole is allocated to the non-AFA trawl CPs (i.e. A80 vessels) (NPFMC, 2015a). 

2.2.2.7. Sablefish 
A separate sablefish ABC exists in the BS and AI. The BS TAC is apportioned equally between 

vessels using fixed gear (including HAL and pot) and vessels using trawl gear. The AI TAC is 

apportioned such that vessels using fixed gear are allocated 75% and vessels using trawl gear are 

allocated 25% (NPFMC, 2015a). 

2.2.2.8. Remaining species 

The TACs for the remaining species managed by the NPFMC are not apportioned across user 

groups, and are therefore regulated as limited access fisheries, where the degree of access differs 

across species. For example, rougheye rockfish, northern rockfish, shortraker rockfish, skates, 

sculpins, sharks, squids, and octopuses are closed to directed fishing for all sectors in the BSAI 

groundfish fisheries (as of 2014). These species are therefore caught only as incidental catch in 

other directed fisheries, where the degree of retention depends on the “basis” (or the targeted) 

species, as defined by the maximum retainable amounts (described further below). In contrast, 

Alaska plaice is open to directed fishing for all user groups, while Arrowtooth flounder, 

Kamchatcka flounder, and Greenland turbot, are closed to directed fishing only for the BSAI 

limited access trawl sector and open to all other sectors. Directed fishing is prohibited for any 

species in which cumulative catch nears the TAC, and many of these species are closed to 
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directed fishing for fixed periods throughout the year.5 

2.2.2.9. Summary of TAC apportionments 

Although all species managed by the NPFMC in the BSAI groundfish fishery are regulated 

through the use of OFLs, ABCs, and TACs, they differ greatly in how TACs are apportioned 

across user groups. At one extreme, the TACs for species such as pollock (in the BS), rock sole, 

and flathead sole are fully apportioned (after the removal of CDQ and ICA) to sectors that have 

well-defined quasi-property rights over these allocations, and the catch of such species by other 

sectors occurs as incidental catch in other directed fisheries. At the other extreme, species such 

as Alaska plaice, arrowtooth flounder, Kamchatka flounder, and Greenland turbot are not 

apportioned across user groups and are essentially managed as limited access fisheries. In 

between these two extremes, species such as Pacific cod, yellowfin sole, Atka mackerel, and 

POP are apportioned to sectors that have well-defined quasi-property rights over these 

allocations and to sectors that do not. The extent to which vessels can retain non-targeted species 

and participate in limited access directed fisheries depends on a complicated set of regulations 

that define eligibility for access fisheries, sideboard limitations, and maximum retainable 

amounts. 

2.2.3. Sideboards 

The NPFMC restricts the ability of vessels in “catch share” programs (i.e. those vessels listed 

under the AFA and A80 program) to engage in directed fishing for non-allocated groundfish 

species to protect participants in other groundfish fisheries from potential adverse spillover 

effects from catch share fisheries. For instance, sideboards limits (or annual harvest limits) are 

set specifically for AFA CPs for each groundfish species or species group in which a TAC is 

specified, and are managed through directed fishing closures (50 CFR 679.64(a)). For many 

species, directed fishing is prohibited for AFA CPs throughout the year (e.g. rock sole and 

flathead sole) so that only incidental catch for those species accrues against the sideboard limit.  

 AFA catcher vessel sideboard amounts are based on the fleet’s total catch in non-pollock 

target fisheries during 1995-1997. There are specific exemptions to the sideboard limits for 

catcher vessels less than 125ft in length that landed less than 1,700 mt of pollock on average 

                                                
5 More information on directed fishery closures can be found in “Federal Fishing Regulations: Fisheries of the 
Exclusive Economic Zone Off Alaska” (50 CFR Part 679), found at 
https://alaskafisheries.noaa.gov/regs/default.htm.  
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during 1995-97. These vessels were exempted from the BSAI Pacific cod sideboard limits if they 

made at least 30 landings in the BSAI Pacific cod fishery from 1995-97. In the GOA, catcher 

vessels meeting the vessel length and BSAI pollock harvest requirement were exempted from the 

sideboard limits if they made at least 40 GOA groundfish landings from 1995-97. There are 10 

AFA catcher vessels that have a sideboard exemption for Pacific cod (NPFMC, 2012). 

Vessels in the Amendment 80 fleet are subject to sideboard limits for Gulf of Alaska 

species—such as pollock, Pacific cod, and various types of rockfish—depending on whether or 

not they participate in the Central GOA Rockfish Program. 

2.2.4. Maximum Retainable Amounts (MRAs) 
An MRA is the maximum round weight of a species or species group closed to directed fishing 

that may be retained onboard a vessel. NMFS established MRAs to allow vessels engaged in 

fishing for species or species groups open to directed fishing (basis species) to retain a specified 

amount of species or species group closed to directed fishing. MRA percentages serve as a 

management tool to slow the harvest rates and reduce the incentive for targeting species closed 

to directed fishing. MRAs allow for some retention of species closed to directed fishing instead 

of requiring regulatory discards of these species. MRA percentages reflect a balance between the 

recognized need to slow harvest rates and minimize the potential for discards, and, in some 

cases, provide an increased opportunity to harvest available total allowable catch (TAC) through 

limited retention. 

The percent of a species or species group closed to directed fishing retained in relation to the 

basis species must not exceed the MRAs listed in Table 11 to 50 CFR part 679.6 Vessels are 

determined to have complied with specified MRAs by comparing the estimated round weight of 

the retained species closed to directed fishing with the estimated round weight of the retained 

basis species. The amount of round weight of each retained species must not exceed the MRA, a 

specified percent, of the round weight of a basis species. For example, when Pacific cod is open 

to directed fishing and arrowtooth flounder is closed to directed fishing, a vessel operator may 

retain a round weight equivalent amount of arrowtooth flounder of up to 35 percent of the round 

weight equivalent of Pacific cod that is retained onboard the vessel. In this example, all 

incidental catch of arrowtooth flounder in excess of the 35 percent MRA must be discarded.  

                                                
6 https://alaskafisheries.noaa.gov/rr/tables/tabl11.pdf  
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3. Fleet Profiles 
3.1. The American Fisheries Act (AFA) Pollock fleets 

The Bering Sea and Aleutian Islands (BSAI) fishery for pollock is among the largest commercial 

fisheries in the world, with average annual catches more than 1 million metric tons (Ianelli et al., 

2013). BSAI pollock harvests represent roughly 40% of global whitefish production, making it 

the largest fishery in the United States by volume. Market disposition is split fairly evenly 

between fillets, whole (headed and gutted), and surimi, with roe from pre-spawning Pollock 

being an important component of commercial production (Fissel et al., 2014). 

There are three types of vessels that participate in the BSAI walleye pollock fishery: 

catcher vessels (CVs) that deliver their catch onshore, catcher processors (CPs) that catch and 

process their catch at sea, and motherships that are at-sea processors receiving deliveries from 

CVs but do not catch any of their own fish. Pollock in the BSAI management area are targeted 

only with pelagic (mid-water) trawl gear. The American Fisheries Act (AFA) Pollock 

Cooperatives Program was established by the United States Congress under the American 

Fisheries Act in 1998, represented the culmination of a decade-long struggle over the allocation 

of Alaska’s walleye pollock in the BSAI. The AFA institutionalized a resource allocation scheme 

among competing onshore and offshore components of the fish processing industry, and was 

implemented for the CP sector in 1999 and the CV and mothership sectors in 2000 (NOAA, 

2004). The goals of the AFA were to resolve frequent allocation disputes between the inshore 

(CVs) and offshore (CPs and motherships) sectors and reduce externalities as a result of the race 

for fish. The AFA established minimum U.S. ownership requirements, vessel and processor 

participation requirements, defined the list of eligible vessels, finalized the TAC allocation 

among sectors, provided an allocation to the CDQ Program, and authorized the formation of 

cooperatives. The allocation of the Bering Sea TAC to the AFA (after the 10% allocation to the 

CDQ program is deducted and for incidental catch in other fisheries), is 50% to the CV sector, 

40% to the CP sector, and 10% to the mothership sector. Additionally, nine vessels were 

decommissioned as part of the AFA for a total cost to the remaining participants of 90 million 

(Fissel et al., 2014). 

Participation in the AFA pollock fishery is permitted only by the vessels listed in the 

American Fisheries Act, and those eligible vessels are authorized to form cooperatives, which 

receive an allocation (exclusive harvest privilege) of a percentage of the BS pollock TAC from 
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NOAA Fisheries. Ten such cooperatives were developed as a result of the AFA: seven inshore 

co-ops, two offshore co-ops, and one mothership co-op. There are also excessive use caps in both 

the inshore harvesting and processing sectors which state that no entity can harvest more than 

17.5% or process more than 30% of the directed fishing allowance of pollock allocated to the 

inshore sector. The AFA also required that the NPFMC develop a set of sideboard regulations to 

protect non-pollock groundfish harvesters from excess effort that may have been released from 

the Pollock fishery due to rationalization. 

The Bering Sea directed pollock fishery is divided into two seasons: the “A” season 

(January 20 – June 10) and the “B” season (June 10 - November 1). The “A” season fishery has 

historically focused on roe-bearing females, and is concentrated north and west of Unimak Island 

and along the 100-meter contour between Unimak and the Pribilof Islands. “A” season pollock 

also provide other primary products such as surimi and fillet blocks, but yields on these products 

are slightly lower than in the “B” season, when pollock carry a lower roe content and are thus 

primarily targeted and processed for surimi and fillet blocks.  

In addition to receiving an allocation of the BSAI Pollock TAC, each AFA sector is also 

allocated a portion of a Chinook salmon PSC limit, starting in 2011. Chinook salmon PSC limits 

are subject to seasonal apportionment: 70 percent to the A season and 30 percent to the B season. 

An AFA sector will receive a portion of a 47,591 Chinook salmon PSC limit if: i) the sector does 

not have an approved Chinook salmon  bycatch incentive plan agreement (IPA); or ii) the sector 

has exceeded its performance standard (i.e. exceeding its annual threshold amount in any three of 

seven consecutive years). Otherwise, an AFA sector will receive a portion of a 60,000 Chinook 

salmon PSC annual limit. Transferable allocations of Chinook salmon PSC limits are further 

apportioned to cooperatives based on their percentage allocations of pollock. Any portion of 

Chinook salmon PSC allocation that is remaining at the end of the A season is rolled over into 

the B season.7 

3.1.1. The AFA Offshore sector 

In 1998, the owners of the CPs and CVs that deliver to CPs in the BSAI pollock fishery jointly 

formed fishing cooperatives to coordinate pollock harvesting efforts.  At the time of AFA 

implementation, 20 CPs were eligible to participate in the offshore fisheries, as well as 7 CVs 

                                                
7 More details on the allocation of Chinook salmon PSC limits can be found in the Federal Registrar (679.21.f). 
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eligible to fish and deliver a sub allocation to CPs. The single cooperative for the CP owners is 

the Pollock Conservation Cooperative (PCC), and is made up of the nine CP companies that met 

the eligibility requirements for AFA. The cooperative for the CV owners is the High Seas 

Catchers’ Cooperative (HSCC). An agreement called the “Cooperative Agreement Between 

Offshore Pollock Catchers’ Cooperative and Pollock Conservation Cooperative” was developed 

to facilitate efficient harvest management and accurate harvest accounting between the PCC and 

the HSCC. The Cooperative Agreement governs the harvest and processing of the HSCC 

members’ share of the BSAI directed pollock fishery and the transfer of pollock allocations 

between members of the two cooperatives (PCC Annual Report, 2015). Each member of the 

PCC and the HSCC is allocated a percentage of the directed fishery specified under Section 

206(b) of the AFA. The percentage of the CP directed pollock fishery allocated to each PCC 

member is shown in Table 2 (PCC Annual Report, 2015).   

3.1.2. The AFA Inshore sector 
The American Fisheries Act determined eligibility for catcher vessels and processing plants 

based on historical catch or processing, and a total of 111 catcher vessels and 8 processing plants 

qualified. The AFA specifies that Pollock taken in the inshore sector’s directed fishery can only 

be taken by qualified vessels and delivered to qualified processing plants. These vessels and 

processors are collectively called that AFA Inshore sector (NPFMC, 2012). The AFA allocates 

50% of the BSAI Pollock TAC to the Inshore sector after CDQ and incidental catch allocations 

are deducted. Each qualifying member of the Inshore sector is allocated a percentage of the 

directed fishery specified under Section 206(b) of the AFA, which is subsequently vested into 

one of the seven cooperatives that were formed under the AFA. The percentage of the Inshore 

directed pollock fishery allocated to each cooperative is shown in Table 3 (Intercoop Annual 

Report, 2015). 

3.1.3. The AFA Mothership fleet 

The American Fisheries Act determined eligibility for three motherships and nineteen catcher 

vessels to deliver to these motherships. As of 2010, all nineteen catcher vessels were members of 

the Mothership Fleet Cooperative. Thirteen of these vessels were ‘dual qualified’ for both the 

Mothership and Inshore sectors (NPFMC, 2012). The AFA allocates 10% of the BSAI Pollock 

TAC to the Inshore sector after CDQ and incidental catch allocations are deducted. 
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3.2. The Amendment 80 fleet 
The Amendment 80 (A80) fleet is a group of catcher processors that use non-pelagic trawl gear 

to target groundfish primarily in the Bering Sea and Aleutian Islands. The A80 fleet is comprised 

of vessels that have historically prosecuted groundfish fisheries other than pollock, such as 

flatfish (e.g. rock sole, yellowfin sole, flathead sole), Atka mackerel, and Pacific ocean perch, 

and thus did not meet the eligibility requirements for the American Fisheries Act. Vessels in the 

A80 fleet embark on trips of 1-2 weeks in length, processing harvested fish onboard. Processing 

is typically minimal, often involving heading and gutting the fish, freezing them, and ultimately 

delivering them to brokers or wholesalers for direct sale or further processing. Since the early 

2000s, twenty-three vessels have actively participated in the fishery, ranging in size from 91 to 

295 feet (median=154) with horsepower ranging from 850 to 7000 (median=2250). 

Prior to 2008, the A80 fleet operated as a limited license program with fleetwide TACs 

allocated to each target and prohibited species. If regulators anticipated that a particular species’ 

TAC would be exceeded, the fishery was closed to “directed fishing,” resulting in a substantial 

reduction in the proportion of that particular species that could be retained. The most problematic 

prohibited species for the A80 fleet is Pacific halibut, was allocated to the fleet as a common 

property TAC prior to 2008. The fleetwide allocation of PSC quota for halibut was further 

divided between various seasonal target fisheries based on their anticipated usage of the quota, in 

an effort to ensure the potential targeting of all fisheries in a year. Given the common property 

nature of the Pacific halibut allocations, there was a general lack of individually costly effort to 

avoid halibut bycatch (Abbott and Wilen 2010, 2011), resulting in many subfisheries—

particularly rock sole and yellowfin sole—closing pre-maturely when a binding halibut TAC was 

reached, leaving millions of dollars of unharvested target-species quota.  

 In 2008, Amendment 80 to the BSAI Groundfish Fishery Management Plan (NPFMC 

2007a) was implemented. The provisions of A80 were designed to facilitate increased target 

catch and profits, reduce bycatch and discards, and increase flexibility while complying with 

target and prohibited species TACs. Implementation of A80 resulted in two major changes to 

fishery regulations. First, A80 granted a defined share of the total A80 TAC for the six primary 

target species (yellowfin sole, rock sole, flathead sole, Pacific cod, Atka mackerel, and Pacific 

Ocean perch) to each vessel in the previous limited-entry program according to its catch history. 

Second, vessels could vest their shares in either a cooperative formed by participating members 
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or in the limited-access common-pool fishery. Cooperatives are given considerable flexibility as 

to how catch entitlements are internally allocated. Leasing arrangements and/or non-arm’s-length 

methods of internal reallocation are all feasible, and some trading between cooperatives is 

allowed as well. Vessels that join the limited-access fishery vest their shares in a common pool 

that is available to all vessels in the limited-access fishery, similar to pre-A80 management. In 

addition, cooperatives are allocated shares of PSC TACs according to their holdings of target 

quota shares. In practice, vessels have primarily fished their own target and PSC allocations, 

although some stacking of quota on vessels has occurred within a company and there are a 

significant number of exchanges of quota of one species for another as company owners 

determine which species they expect they will need or hold in excess.  

Immediately following the implementation of A80, a subset of the fleet (16 vessels) 

formed a single cooperative (called the Alaska Seafood Cooperative, initially known as the Best 

Use Coalition) while the remaining 6 vessels (5 from the same company, the Fishing Company 

of Alaska) elected to stay in the limited-access sector. In 2011, all vessels in the limited-access 

sector decided to form a second cooperative under the name of the Alaska Groundfish 

Cooperative, eliminating the limited-access sector. 

4. Developing Alternative Policy Scenarios 
Early on in the project, we conducted detailed interviews with Bering Sea fleet managers, fishery 

managers, and fishermen, which had several important purposes. First, they were intended to 

gain a detailed picture of how fishery participants and managers perceive how regulations 

actually work and what their effects are. What actually happens in fisheries is always more 

complex and nuanced than what is described in regulations and management reports.  

 Second, the interviews were intended to gain an understanding of important tradeoffs 

fishermen face when making decisions. Creating a mechanistic model of fishing behavior 

requires a reasonably accurate depiction of a fisherman's decision-making process. Our goal was 

to gain insight into the important aspects of fishing decisions to incorporate them as best possible 

into our behavioral model. Insights gained from our interviews were critical for designing the 

fleet model described in Section 5. Finally, we used the interviews to gain input from the 

industry concerning alternative policy scenarios for evaluation so that our analysis addressed 

regulations and policies that are relevant to participants in the Bering Sea groundfish fisheries.  
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4.1. Interview Groups 
 With the cooperation of PCCRC board member Ed Richardson, the project team 

scheduled meetings with many key industry groups in Seattle during the week of Alaska 

Fisheries Science Center’s Plan Team meetings and the Pacific Marine Exposition (November 

18-21, 2013). We met with the following groups of industry members: 

1. Amendment 80 fleet (Alaska Seafood Cooperative, AKSC): Jason Anderson 

(AKSC Manager), Bill Orr (Iquique U.S.), Mark Fina (U.S. Seafoods), Matt Upton (U.S. 

Seafoods), John Gauvin (AKSC Fisheries Science Director), Keith Bruton (O’Hara 

Corporation), and Dave Wood (U.S. Seafoods). 

2. AFA Offshore: Donna Parker (Arctic Storm). 

3. AFA Inshore: Brent Paine (United Catcher Boats), and John Gruver (United 

Catcher Boats). 

4. AFA Mothership and AFA Inshore: James Mize (Premier Pacific Seafoods) and 

Sylvia Ettefagh (Unalaska Fleet Cooperative). 

5. Data Management: Karl Haflinger (Sea State) and Ed Richardson (At-sea 

Processors). 

6. AFA Offshore, AFA Inshore, and Cod Freezer Longliner: Craig Cross (Aleutian 

Spray Fisheries) and Karl Bratvold (Starbound, Captain). 

7. AFA Offshore and AFA Inshore: Mike Luchino (Trident Seafood) and Dave 

Benson (Trident Seafood). 

8. Cod Freezer Longliner: Chad See (Freezer Longline Coalition). 

9. NMFS In-season Managers: Mary Furuness and Obren Davis. 

10. AFA Offshore: Jan Jacobs (American Seafoods). 

4.2. Major themes from the interviews 
Three major themes emerged from our interviews with industry members concerning 

management regulations that impede industry from efficient operation: i) the 2 million mt cap on 

total allowable catch; ii) regulations that prevent the 2 million mt cap from being harvested; and 

iii) regulations that increase the cost of harvesting the 2 million mt cap. 

4.2.1. The 2 million mt cap 

Optimum yield (OY) for the BSAI groundfish complex is specified as 85 percent of the historical 

estimate of the maximum sustainable yield (MSY) range (1.4 to 2 million mt). Correspondingly, 
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the NPFMC has established a 2 million mt cap on the sum of all annual species-specific total 

allowable catches (TACs). In the past, the sum of all species-specific annual acceptable 

biological catches (ABCs) tends to exceed 2 million mt. This suggests to many industry 

members that OY could be larger than the current 2 million mt cap. Increasing OY would give 

the NPFMC’s some room to adjust species- and sector-specific TACs to alleviate pressure from 

constraining species, such as cod. Furthermore, given that OY is rarely harvested because of 

interactions among prevailing fishery regulations, increasing OY from 2 million mt could be a 

strategy to actually allow the industry to harvest 2 million mt of groundfish. 

4.2.2. Regulations that prevent harvesting the 2 million mt cap 
BSAI groundfish sectors and individual vessels are allocated portions of multiple species-

specific TACs underneath the 2 million mt cap. Cooperatives and individual vessels are therefore 

tasked with managing a portfolio of target species quotas and PSC allocations while abiding by 

regulations governing bycatch of non-targeted and prohibited species. It is often the case that 

sectors are unable to harvest their entire quota allocation, thus leaving a portion of the 2 million 

mt cap unharvested. As indicated by industry member interviews, the primary reason that 

harvesters are unable to utilize their entire quota is that sector allocations are often out of balance 

with the realized catch composition of the fleet. For some sectors, a specific species acts as a 

“choke” species—whereby the quota for a species is small compared to its relative abundance—

preventing the catch of other target species in the joint harvesting process. The TAC setting 

process for a multi-species and multi-sector fishery is complicated because it is very difficult to 

know ex ante the catch composition of each sector.  

Fishermen have some capability to alter the species composition of their catch through the 

location and timing of their trips. Time and area closures therefore restrict fishermen’s ability to 

balance their catch composition with their portfolio of quotas. In addition, time and area closures 

have the potential to increase bycatch. Multiple interviewees related experiences in which a time 

and area closure prevented fishermen from harvesting in a relatively “clean” area, forcing them 

to fish in less than optimal areas and times.  

Overall, a more flexible regulatory system could possibly provide a mechanism for harvesters 

to balance their catch composition with their quota portfolio even if management allocates out-

of-balance TACs at the beginning of the year. For example, it is often the case that a “choke” 

species in one sector has a relatively non-binding quota for another sector. Allowing cross-sector 
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trading/purchasing of quota is one potential mechanism through which catch composition can 

align with quota without relying on management to get the initial allocation right. Furthermore, a 

more flexible approach to closures—perhaps through regulations similar to the “rolling hot spot” 

salmon closures—may be more conducive to meeting bycatch avoidance goals.  

4.2.3. Regulations that increase the cost of harvesting the 2 million mt cap 
Industry interviews also revealed regulations that increase the cost—or decrease the wholesale 

value—of the BSAI groundfish fisheries, even if the fleet was able to harvest the entire 2 million 

mt OY. For example, maximum retainable amounts (MRAs) are the maximum amount of catch 

that can be retained for a species that is closed to directed fishing, requiring any catch above the 

MRA to be discarded. This can be a particularly costly process, especially for catcher vessels 

that do not have a production line to sort and identify fish that must be discarded. As another 

example, time and area closures impose additional costs on the fleet by forcing fishermen to 

harvest in areas further away from port, and by preventing fishermen from harvesting in areas or 

times that contain fish with higher wholesale value (e.g. roe-bearing fish).  

4.3. Policy alternatives for evaluation  
Choosing alternative policy scenarios to evaluate with our model requires selecting policies that 

are both of interest to the industry and are feasible from a modeling perspective. It was important 

to identify these scenarios at the beginning of the project so that the model could be designed 

specifically to evaluate these policies. Given that this project was focused on exploring the 

policy implications of alternative policies for the Industry Process (Figure 1), our interviews 

with industry members highlighted a number of interesting, but infeasible, policy alternatives. 

For example, evaluating the impacts of increasing the 2 million mt cap is beyond the scope of 

this project as our biological model will not include a Bering Sea food web to evaluate the 

ecosystem effects of non-marginal changes in overall harvests.   

 Given the previous considerations, our goal at the outset of the project was to evaluate 

policy alternatives that address the regulatory mechanisms that inhibit the 2 million mt cap from 

being harvested. We believe that evaluating different policy alternatives that facilitate “catch-

quota balancing” is both feasible from a modeling perspective and includes solutions that may 

gain traction in the management process. For instance, Figure 5 shows the proportion of the TAC 

that is actually harvested in the BSAI groundfish fisheries from 2004 to 2012. Species such as 

rock sole, yellowfin sole, and flathead sole are allocated, but consistently underharvested, 
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species. While a large portion of the Pollock TAC is harvested on an annual basis, the absolute 

amount of unharvested pollock can actually be fairly significant in some years, due to its large 

TAC (Figure 6). Figure 7 plots the foregone value for each species due to unharvested TAC, 

using product-specific wholesale prices (Fissel et al., 2014) and assuming that the product 

composition of catch would remain the same if the TAC for each species was exhausted. Thus, 

the estimated wholesale value of foregone harvests over the last decade ranges from 

approximately 100 to 500 million dollars annually.  

Several different regulatory mechanisms have been used in multispecies fisheries worldwide 

to address the challenge of catch-quota balancing, all of which are relevant for facilitating the 

harvest of the 2 million mt OY in the BSAI groundfish fisheries. As detailed in Sanchirico et al. 

(2006), these mechanisms include: rollover provisions, whereby quota can be carried forwards or 

backwards across seasons—similar to the AFA inshore sector’s Salmon Savings Incentive 

Program; deemed value payments, whereby fishermen are charged a fee for harvesting species 

over and above their quota; and cross-species exchanges, whereby quota of one species can be 

traded for quota of another species at some prescribed ratio—similar to the recently approved 

Flatfish Flexibility Program for the Amendment 80 sector.  

While our initial goal was to evaluate several alternative implementations of these catch-

quota balancing mechanisms, we were not able to get to a point in the project to actually execute 

such evaluations. As discussed in Section 1, development and estimation of both the fleet models 

and the CPUE models took considerably more time than anticipated. In addition, we ran several 

unanticipated roadblocks regarding the modeling and estimation process, some of which we are 

still trying to work out. Despite the fact that the formal period of this project is complete, we are 

still moving forward towards our goal of evaluating catch-quota balancing mechanisms for the 

Bering Sea groundfish fisheries. 

5. Fleet and Biological Models 
Our interviews with industry representatives (Section 4) indicated interest in evaluating policy 

alternatives that address regulatory mechanisms that inhibit the 2 million mt cap from being 

harvested—particularly those that facilitate “catch-quota balancing”. Moreover, industry 

representatives indicated that the primary ways vessels adjust their catch composition throughout 

the year is by adjusting where and when they fish, and what they are fishing for (i.e. their target 

or directed fishery). For example, vessels from the AFA Offshore fleet may choose to participate 
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in fisheries in the Alaska or Pacific Northwest regions, with subsequent fishery choices being 

made conditional on the region that a vessel is participating in (e.g., the directed fishery for 

pollock or in the limited access yellowfin sole fishery in Alaska). Thus, our fleet model must be 

capable of capturing these primary decision margins in a way that is practical for investigating 

the complicated interaction between industry fishing behavior and the many regulatory 

constraints that dictate where, when, and for what vessels can fish. Furthermore, the model must 

also be able to capture how vessels and companies manage a portfolio of fishing quotas over the 

course of year.  

Our model depicts fleet behavior as a two-stage decision process, whereby a vessel (or a 

group of vessels) allocate fishing effort across broader fishing opportunities in the first stage, and 

subsequently allocate fishing effort across more refined fishing opportunities in the second stage. 

This two-stage decision process takes place in every time step (e.g. weekly) and is influenced by 

the prevailing biological (e.g. CPUE), economic (e.g. remaining quota), regulatory (e.g. time-

area closures), and environmental (e.g. ice cover) conditions. The diagram in Figure 9 provides 

an example of the two-stage decision process for the Amendment 80 fleet. For a given week, a 

vessel allocates fishing effort (as measured by the number of fishing days or hauls) to the 

directed rock sole fishery, the directed yellowfin sole fishery, and/or other Bering Sea/Aleutian 

Islands/Gulf of Alaska fisheries (including not fishing at all) in the first stage. In the second 

stage, the a vessel allocates effort across locations, conditional on the fishery chosen in the first 

stage. For instance, if a vessel decides to allocate a certain amount of effort to the directed rock 

sole fishery, then that effort is subsequently allocated across fishing locations within the fleet’s 

choice set, as depicted in Figure 9 by the relevant ADF&G statistical areas in the Bering Sea. 

Our two-stage model depicts fleet behavior at a given time step as a process of backwards 

induction. In the second stage, we model effort as being allocated in order to maximize expected 

utility, conditional on a given amount of effort allocated to a specific fishing opportunity in the 

first stage. The expected maximized utility that results from the second-stage allocation process 

is then used as a key variable in the fleet’s effort allocation across fishing opportunities in the 

first stage. For example, if we let EU represent the expected maximized utility that a vessel will 

receive from allocating a given amount of effort across locations in the directed rock sole fishery, 

then EU enters into the expected utility for allocating a unit of effort to the directed rock sole 

fishery in the first-stage of the decision making process. Importantly, EU serves as a link 
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between the second-stage effort allocation process and the first-stage effort allocation process. 

For example, any factor that influences how effort is allocated across locations in the second 

state—such as area closures—will also influence the directed fishery choice in the first stage.  

We develop an empirical modeling framework in which fishers are faced with an annual 

planning problem: the allocation of intra-annual fishing effort to maximize annual profits, while 

balancing their annual catch composition with a portfolio of multispecies quotas. The starting 

point for our modeling framework is the fishing location choice literature, in which fishers' trip- 

and haul-level decisions of fishing locations are represented in a discrete choice framework (e.g., 

Eales and Wilen, 1986;  Campbell and Hand, 1999;  Smith and Wilen, 2003;  Hutton et al., 2004;  

Haynie, Hicks and Schnier, 2009;  Hicks and Schnier, 2010;  Abbott and Wilen, 2011). In these 

models, location choice is modeled as a Random Utility Model (RUM) whereby fishers select 

the location at any given time step that maximizes their indirect utility, which is typically 

specified to be a function of expected revenue and the distance from the fisher's home port or 

previous fishing location. Observed trip- and haul-level data are used to estimate how fishers 

with different physical characteristics trade off the additional costs of travel distance with 

expected revenue. These models are used primarily to predict where fishers will shift their spatial 

effort as conditions and regulations in a fishery change (e.g., Smith and Wilen, 2003;  Hicks, 

Horrace and Schnier, 2012), and to examine ex post how fishermen make tradeoffs in the spatial 

decision making (e.g., Abbott and Wilen, 2010;  Haynie and Layton, 2010;  Abbott and Wilen, 

2011).  

The discrete choice framework has also been used to model the choice of which fishery 

to participate in (Bockstael and Opaluch, 1983;  Larson, Sutton and Terry, 1999;  Pradhan and 

Leung, 2004;  Vermard et al., 2008) and the joint decision of which fishery and location to fish 

(Holland and Sutinen, 1999, 2000;  Curtis and McConnell, 2004;  Marchal, Lallemand and 

Stokes, 2009;  Andersen et al., 2011).  The joint location-fishery choice models developed in 

previous work are often referred to as “métier” choice models, where a métier represents some 

form of fishing activity. Métiers may be characterized by a number of factors, including target 

species, gears, statistical areas, and management units, and may be modeled at various temporal 

scales, such as a day, week, trip, etc. Using this characterization, fishers are modeled to select the 

utility-maximizing métier from the choice set of métiers at every single time step.  

While existing location- and métier-choice models provide insight into the behavior of 



 36 

fishers and the potential impacts of fishery regulations, they face additional challenges for quota-

managed multispecies fisheries. The typical approach to modeling a fisherman’s location-

specific expected utility is to include an aggregate index of revenues, based on the expected mix 

of multispecies catch and prices. However, in a quota-based fishery, expected catch has an 

opportunity cost: quota used today cannot be used for catch later in the year. This so-called 

shadow cost of quota may induce fishers to avoid fishing in certain fisheries and areas that look 

otherwise attractive, in terms of expected revenues. For example, fishers may save quota by 

avoiding a relatively valuable species at the beginning of the year if that species is incidentally 

caught while targeting a more valuable species later in the year. Fishers in a quota-based 

therefore face an annual dynamic planning problem that has implications for short-run decisions 

at the haul and trip level. 

Fishing location choice models have been extended to include elements of dynamic 

planning within the trip (Curtis and Hicks, 2000;  Curtis and McConnell, 2004;  Hicks and 

Schnier, 2006, 2008). These studies consider the optimal trajectory of fishing locations within a 

trip, recognizing that the current location choice affects the cost of access to other locations later 

in the trip. The trip-planning problem is therefore cast as a dynamic programming problem. 

Hicks and Schnier (2006, 2008) model fishers as maximizing trip profits by solving a recursive 

Bellman equation. Consequently, estimation of the model parameters and the computation of the 

dynamic program solution occur simultaneously. Rather than solving the computationally 

intensive dynamic program, Curtis and Hicks (2000) and Curtis and McConnell (2004) 

incorporate forward-looking by replacing the value function in the Bellman equation with the 

sum of expected future trip profits, which is constructed as the average forecasted profits from all 

neighboring locations. This specification is able to avoid the computational difficulties 

associated with dynamic programming and potentially captures a more realistic “rule of thumb” 

for forward looking behavior, compared to the cognitive burden placed on fishers in the full 

dynamic programming solution. 

While the dynamic-trip-planning studies capture an important element of fisher behavior, 

they do not capture the essence of the planning problem faced by fishers in quota-based fisheries, 

wherein fishers manage a portfolio of multispecies quotas over the course of a year. A handful of 

studies have addressed the dynamic nature of annual planning problems in recreational 

(Provencher and Bishop, 1997) and commercial (Huang and Smith, 2014) fisheries; however, 
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these studies achieve computational tractability through the imposition of strong assumptions 

that may not be suitable for modeling complicated multispecies fisheries.8 For instance, the full 

dynamic programming problem for quota-based multispecies fisheries would require a state 

variable for each species that evolves over the course of a year, perhaps stochastically. 

In this paper, we develop an empirical “annual-planning” model of the dynamic program 

of managing a portfolio of output quotas without solving the full dynamic program (cf. Curtis 

and Hicks, 2000;  Curtis and McConnell, 2004). Instead, we approximate it by tracking key state 

variables (i.e., the usage of species-specific quota) over the year (e.g., Haynie et al., 2009;  

Abbott and Wilen, 2011), and include measures of expected quota usage in the future.  

5.1. Empirical Model of Fleet Behavior 

When constructing a spatiotemporal model of fleet behavior, a series of modeling decisions must 

be made prior to model estimation (Curtis and McConnell, 2004): Who is the decision maker 

(e.g. vessel, cooperative, company, fleet)? Over what period of time are decisions being made 

(e.g. haul, trip, week, season)? How are fishing locations aggregated (e.g. fine or coarse)? What 

are the other primary decisions being made by decision units (e.g. gear type, target fishery, 

participation)? What is the nature of the decision makers preferences? How much heterogeneity 

is there between decision units? Ultimately, the answers to these modeling questions will depend 

on the research objective—e.g. identification of structural behavioral parameters or prediction of 

fleet behavior in response to a policy change. The latter objective requires that the analyst 

chooses decision-margins in accordance with the margins that fishers are expected to act over in 

response to the policy change, in addition to include the “policy levers” through which the new 

policy will induce behavioral change.  

 Correspondingly, our model framework is motivated by the fact that the fleets under 

investigation are composed of vessels that: i) participate in multiple multispecies fisheries, with 

each fishery having a specific catch composition associated with it; ii) alter their catch 

composition by adjusting where and when they fish, and what they are fishing for (i.e. their 

target or directed fishery); iii) are issued annual catch quota for multiple target and bycatch 

species; and iv) are restricted in their ability to substitute between fisheries due to regulatory 

                                                
8 There are some other studies (e.g., Dowling et al., 2013;  Mangel, Dowling and Arriaza, 2013) that use dynamic 
programming to model annual planning problems in quota-based fisheries; however, these studies use calibrated 
simulation-based methods, as opposed to econometrically  estimating parameters from data.  
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constraints (e.g., time and area closures, sideboards, permit requirements).  Our framework is 

designed to capture these primary decision margins and regulatory constraints in a way that is 

practical for investigating the complicated interaction between industry fishing behavior and the 

many regulatory constraints that dictate where, when, and for what vessels can fish. 

Suppose a vessel has the following indirect utility specification for fishing at location j in 

target fishery k:9 

  U jktd = Vjkt + ε jktd   (1) 

where Vjkt is the deterministic component of utility and εjktd is a day-specific stochastic 

component of utility, which is observed by the vessel but unobserved by the researcher. Let yjktd 

= 1 denote that location j and target fishery k was chosen for day d during week t, and zero 

otherwise. Then the probability that yjktd = 1, denoted as Pjktd, is equal to: 

 
   
Pjktd = Pr U jktd > U mtd  for all ≠ j and m ≠ k( ).   (2) 

Notice that the deterministic component of indirect utility Vjkt is modeled to be invariant across 

days within week t. If we assume that the stochastic component of utility εjktd are independent 

across days, then the probability of choosing location j and fishery k is the same for each day d 

during week t: Pjktd = Pjkt. Let yjkt denote the total number of days spent fishing at location j in 

fishery k and let yt = [y11t,..., yJKt]′ be the vector of all count variables representing the number of 

fishing days conducted by an individual vessel at each of the locations and target fisheries during 

week t, so that 
  

y jkt = Dtj=1

Jk∑k=1

K∑ , where Dt is the total number of days fishing in week t. Then yt 

follows a multinomial distribution: yt ∼M(Dt, P11t,..., PJKt). A single observation yt therefore has 

the following log likelihood function:10 

 
  
log Lt = y jkt log Pjkt .j=1

Jk∑k=1

K∑   (3) 

Expressions for the probabilities Pjkt can be derived from distributional assumptions for 

the stochastic components of indirect utility εjktd. In particular, suppose that a vessel follows a 

two-stage decision process in which fishing days are allocated across target fisheries in the first 
                                                
9 For the purpose of illustration, we develop the conceptual model using location as the second-stage choice and 
fishery as the first-stage choice. In general, the actual choice in each stage will differ according to the specific 
application, as well as data limitations. For example, in our application for the A80 fleet, we use location (NMFS 
area) as the second stage choice and directed fishery as the first stage choice. In contrast, in our application for the 
AFA Offshore fleet, we use directed fishery as the second stage choice and the fishery region (e.g. Alaska or Pacific 
Northwest) as the first stage choice. 
10 The multinomial coefficient has been ignored since it falls out of the log likelihood score function with respect to 
the multinomial choice probabilities. 
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stage, and then subsequently allocated across locations in the second stage, conditional on the 

target fishery. If we further suppose that εjktd follow a type of General Extreme Value (GEV) 

distribution whereby εjktd are correlated for any two locations within a target fishery for a given 

day, but are uncorrelated for any two locations that are not in the same target fishery, then the 

probabilities Pjkt follow a nested logit model. Specifically, decompose the choice probabilities 

Pjkt as 

   Pjkt = Pj|kt × Pkt   

where Pj|kt is the probability that location j is chosen given that target fishery k is chosen, and Pkt 

is the probability that target fishery k is chosen. Suppose further that the deterministic component 

of indirect utility can be decomposed into two parts: one that varies across locations, target 

fisheries, and week (ujkt) and another that varies only across target fisheries and week (vkt). Then 

the nested logit model yields the following probabilities: 

 
  
Pkt =

exp vkt + λk Ikt{ }
exp vmt + λmImt{ }m=1

K∑
  (4) 

 
   
Pj|kt =

exp u jkt λk{ }
exp u kt λk{ }=1

Jk∑
  (5) 

where 

 
  
Ikt = log exp u jkt λk{ }j=1

Jk∑( ).   (6) 

The term Ikt is typically referred to as the inclusive value, and serves as the link between the 

second-stage location choice model and the first-stage fishery choice model. In particular, λkIkt is 

the expected utility of allocating one fishing day to fishery k during week t. The coefficient λk is 

called the “log-sum coefficient” and reflects the degree of independence between the unobserved 

attributes of locations within the same target fishery. Intuitively, the choice of allocating a 

production day to fishery k depends both on the fishery-specific component of utility vkt and the 

expected utility that will be received given that vessel will allocate effort optimally across 

locations. The nested logit model is consistent with utility maximization as long as 0 ≤ λk ≤ 1. 

5.1.1. Predicting Effort  

Given the multinomial distribution of yt, we know that the expected number of fishing days Eijkt 

conducted at location j in fishery k in week t by vessel i is: 

 
  
Eijkt = E y jikt( ) = Dit × Pijkt ,   (7)  
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where 
  

Pijkt = 1
j=1

Jk∑k=1

K∑ . This expression implies that differences across locations affect only the 

distribution of a vessel’s fishing days across locations and fisheries, and not the total number of 

fishing days conducted at time t, since Dit is not a function of the deterministic components of 

indirect utility Ujktd. We relax this restriction, however, by including a non-fishing option as one 

of the first-stage target fishery nests, and interpret Dit as the maximum number of days that a 

vessel is able to fish during a week (i.e. Dit = 7 for all i and t). A consistent estimate of the 

expected number of fishing days   Êijkt at location j in fishery k in week t by vessel i is obtained by 

replacing Pijkt with its predicted counterpart   P̂ijkt . 

5.1.2. Specifying Indirect Utility 

Specifying a vessel’s indirect utility function requires identifying the key factors that determine a 

vessel’s decision to participate in target fishery k at location j for any particular day within a 

week. This requires knowledge of the regulatory, biological, and incentive structure within 

which a vessel conducts oneself, as well as the constraints under which a vessel must abide. In 

general, the indirect utility function will take on a different form for different fleets, policy 

applications, and métier definitions, as seen in our applications to the A80 and AFA Offshore 

fleets in Section 6 and Section 7, respectively. However, we posit that the main drivers of 

allocating a fishing day to fishery k and location j during week t are: i) expected revenue per unit 

effort (Revjkt); ii) expected catch of each target and bycatch species (Catchsjkt); iii) remaining 

quota left for each species (Quotast); iv) remaining number days left in the year (Seasont); v) 

“habit-persistence” variables that measure the number of days a vessel fished in fishery k at 

location j last week (Dayslwjkt) and last year during the same week (Dayslyjkt); and vi) the 

popularity of an area and fishery amongst other vessels, measured as the total number of vessel-

days conducted in a fishery and location during the previous week (Effortlwjkt) and the same 

week last year (Effortlyjkt). We also control for observed environmental (e.g. ice cover, wind, and 

wave height) and regulatory (e.g. time- and area-closures) factors in the matrix Zjkt, and time-

invariant unobserved factors through a location- and fishery-specific constant δjk. Thus, a 

representative specification for indirect utility looks like: 
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Vjkt = δ jk + γ 1Rev jkt + γ 2Dayslwjkt + γ 3Daysly jkt + γ 4Effortlwjkt + γ 5Effortly jkt

α s Quotast ,Seasont , FutureCPUEst( )Catchsjkts∑ + ′β Z jkt ,
  (8) 

 

where the marginal utility of species-specific catch αs is modeled to be a function of remaining 

quota, remaining days left in the season, and expected catch in the future. The justification for 

each component in the indirect utility specification is discussed below. 

• Alternative-specific constant (δjk)—are meant to capture time-invariant unobservable 

location- and fishery-specific attributes, such as underlying bathymetry, habitat type, 

persistent abundance, and distance from port (e.g., Hicks and Schnier, 2010;  Zhang and 

Smith, 2011). 

• Expected Revenue per day (Revjkt)—is meant to capture the immediate financial reward 

of allocating a day of fishing to location j and fishery k, and is composed using all 

commercially valuable species harvested by a vessel, regardless of whether a vessel 

receives output quota for a particular species. Expected revenues have been shown 

extensively in the previous literature to be a positive (and significant) factor in explaining 

fishery and location choices in commercial fisheries (e.g., Holland and Sutinen, 1999;  

Smith and Wilen, 2003;  Hicks and Schnier, 2010), despite the rather ad hoc ways in 

which it has been measured and included in the model.11  

• Previous fishing effort variables (Dayslwjkt and Dayslyjkt)—are meant to capture “habit 

persistence” in vessel behavior. For instance, a vessel that has spent time fishing in a 

particular area and fishery during the previous week may have additional location-and 

fishery-specific information that could increase the likelihood of returning to said 

location and fishery, depending on the ephemerality of the information (Wilson, 1990). 

Similarly, if species follow an annual migration pattern, then last year’s fishing effort 

may generate useful information for this year’s area and location choice. In general, 

lagged measures of an individual vessel’s fishing effort have been shown to be important 

factors for explaining where and when vessels fish (Bockstael and Opaluch, 1983;  

Holland and Sutinen, 1999, 2000;  Abbott and Wilen, 2011). 

                                                
11 See Haynie and Layton (2010) and Abbott and Wilen (2011) for a discussion on this issue, and possible ways to 
address it. 
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• Popularity of a fishery and location (Effortlwjkt and Effortlyjkt)—is meant to capture 

information conveyed by the fishery and location choices of the rest of the fleet from the 

previous week. The idea is that a large number of vessels harvesting at a particular site 

may indicate a harvesting “hot spot.” On the other hand, vessels may want to avoid 

popular locations due to congestions effects of vessels gathering in a relatively small 

area. It may also be the case that a large number of vessels in an area increases the 

chances of acquiring information about stock abundance in other areas. Previous studies 

that include similar measures find that a larger number of vessels in an area increases the 

likelihood of a vessel choosing that area (e.g., Holland and Sutinen, 1999;  Larson et al., 

1999;  Holland and Sutinen, 2000;  Abbott and Wilen, 2011).  

• Expected catch (Catchsjkt)—is meant to capture the additional influence that catch has on 

location and fishery choices beyond its contribution to revenue. Specifically, we include 

the expected catch of each “quota-issued” species (both target and bycatch) to capture the 

opportunity cost of using quota, in the sense that quota used today cannot be used for 

catch later in the year. Importantly, exhausting quota for one species can severely restrict 

a vessel’s ability to harvest the remaining portion of their quotas for other species. Thus, 

this “shadow cost” of quota may induce fishers to forego attractive locations and 

fisheries—in terms of expected revenues—in order to maintain a portfolio of quotas over 

the course of a year.  

• Remaining quota (Quotast) and weeks in a season (Seasont)—are meant to capture the 

evolving nature of the shadow cost of quota over the course of a year. In theory, the 

shadow cost of quota can be identified by the Bellman equation within a stochastic 

dynamic programming model. However, we forego a fully specified dynamic structural 

model, and instead opt for a more pragmatic approach wherein we approximate the 

shadow value with a function of relevant state variables—i.e., remaining quota (Quotast), 

remaining weeks in the season (Seasont), and CPUE in future weeks of the season 

(FutureCPUEst)—that track the evolution of the fishery of the course of the year. The 

estimated shadow value of quota is therefore a reduced-form approximation that is 

identified through the location and fishery choices of vessels, as opposed to being 

identified through the imposition of strong structural assumptions of dynamic 

optimization (cf. Abbott and Wilen, 2011).  
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5.2. Simulation Model of Fleet Behavior 
Our ultimate goal is to use the estimated probabilities from the empirical location- and fishery-

choice model to conduct policy simulations that investigate the economic and biological impacts 

of alternative policy scenarios. Further, conducting simulations based on historically observed 

regulatory and biological scenarios allows us to verify our model predictions and simulations 

with actual observed outcomes. 

The basic outline of the simulation model can be seen in Figure 10. Starting at the 

beginning of a week, vessels have a specific amount of quota remaining for each species qst and 

observe exogenous state variables xjt for each métier, such as expected CPUE for each species, 

how many boats fished in each areas the previous week, etc.. If a vessel’s remaining quota is less 

than what the expected daily catch is for any species, then that vessel is prohibited from choosing 

to fish in that métier for that particular week, and the corresponding métier is removed from the 

vessel’s choice set. The métier choice set is subsequently adjusted to reflect the prevailing 

regulatory environment by removing any fisheries and locations that are closed for directed 

fishing. The remaining métiers, after removing those métiers that are closed or would induce a 

quota overage, make up a vessel’s feasible choice set for that week.  

 Once the feasible choice set has been determined, the predicted probabilities for choosing  

métiers are determined using the estimated parameters from the empirical model 
 
β̂ ,δ̂ ,γ̂ ,α̂( )  and 

the prevailing state variables xjt using equations (4) through (8). Using the predicted probabilities 

  
P̂jkt , métier choices are drawn from the feasible choice set using the multinomial distribution: 

    yt ∼ Multinomial(Dt , P̂11t ,..., P̂JKt ) , where Dt is the number of days in a week (i.e. seven). The 

draw from the multinomial indicates how many days a vessel fished in each fishery and location 

during week t.  

Catches resulting from the drawn location and fishery choices are determined by the 

species-specific spatial and temporal CPUE distributions. In particular, the daily catch for each 

species is drawn for each chosen métier from the estimated CPUE distributions, discussed in 

Section 5.4. The weekly catch for each vessel and for each species is then determined by 

summing across all CPUEs drawn over all days of the week. These weekly catches are then 

subtracted from a vessel’s species-specific quota to start the next week of métier choices. A 

similar process then occurs in the proceeding week, using the new set of remaining quotas and 
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exogenous variables to determine a feasible choice set, métier choices, and corresponding 

catches. This weekly process is repeated for every week of the year until the season is over. The 

annual catch of each species and the annual spatial and temporal distribution of effort is then 

determined by summing catch and métier choices over all weeks of the season. We repeat this 

annual process several times to generate a distribution of annual catches and métier choices over 

many simulations. 

5.3.   Model Implementation 

Estimating the empirical model described in Section 5.1 requires a significant amount of work up 

front to create the variables that enter into model, and to make sure that those variables are 

reasonably accurate depictions of the state of the fishery at the time. This section goes into more 

detail about how we constructed the variables that enter into equation (8) and how we 

determined the set of métiers that vessels choose from in any given year. We make use of 

multiple data sources, which are described in more detail in Appendix B. 

5.3.1. Métier definition 

We model fishers to choose actions from a discrete set of alternatives called “métiers”, which are 

combinations of stage 1 and stage 2 fishing opportunities. For example, we choose a métier for 

the A80 fleet to represent a combination of a fishing area and “directed” or “target” fishery. In 

contrast, we choose a métier for the AFA Offshore fleet to represent a combination of a fishing 

region (e.g., Alaska or Pacific Northwest) and a “directed” fishery. In general, there are a number 

of considerations when deciding on how to define métiers. Ultimately, our goal is to find a 

balance between defining métiers that represent the “true” choice alternatives of fishers while 

keeping the number of métiers manageable and meaningful. For instance, if we define métiers at 

a relatively fine scale to capture the fact the spatial and temporal fishing decisions are continuous 

(as opposed to discrete) choices, then we reduce the risk of aggregation bias and increase our 

ability to identify structural preference parameters that enable the investigation of alternative 

policy measures. However, with increased fineness, we are less likely to obtain meaningful 

information from the data for a given métier due to the sparseness of the data and increasingly 

likely to misspecify fishers’ preferences and information sets, which can magnify prediction 

error through post-estimation aggregation. Achieving this balance is critical for conducting 

meaningful policy simulations. 

 As mentioned above, the definitions we use for métiers vary by fleet and by application, 
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as witnessed in the applications of our model to the Amendment 80 fleet and the AFA Offshore 

fleet. Since our goal is to capture the broad effort participation options over the course of a year, 

one overarching theme in our métier definitions is to model spatial choices at a fairly aggregate 

level. For instance, for the Amendment 80 fleet, we model métier as a combination of target 

fisheries (defined below) and NMFS management areas in the Bering Sea, Aleutian Islands, and 

the Gulf of Alaska (Figure 11 and Figure 12). Furthermore, we model effort decisions for the 

A80 fleet at the week level where a fishing day is our unit of effort. Specifically, we model how 

vessels or companies allocate the number of days in a week across various métiers. In contrast, 

we model the AFA Offshore fleet to allocate an entire week of fishing effort to a fishing region 

and target fishery. As discussed in Section , this is partially due to data limitations in non-Alaska 

fishing effort for this fleet. 

Previous literature on spatial and fishery choice behavior has tended to focus on hauls, trips, 

or the first haul of a trip. We chose a fishing day or week as a unit of effort for the following 

reasons: 

1. Our goal is to model the behavior of vessels over an entire year. Haul-by-haul decisions 

are primarily driven by “on-the-water” factors that are difficult for a researcher to 

observe and describe. In contrast, behavior at a more aggregate level is more likely to be 

driven by factors that can be observed and described by the analyst. For example, at the 

haul level, spatial and targeting decisions are likely driven by water conditions, weather, 

production throughput, etc., while decisions at a more aggregate level (e.g. week) are 

likely driven by plans for executing an annual strategy for maximizing profits.  

2. When modeling fishing behavior, it is important to capture the decision alternative of 

“not fishing”.  At an aggregate level, it is not clear what “not fishing” is when using haul-

level data. For instance, is there some maximum number of hauls that can be conducted 

in a week that can be used to infer the number of hauls “not conducted”? In contrast, 

when using fishing days, there is an obvious maximum amount of effort in a week (i.e. 

seven days), thereby allowing us to measure the time not fishing (i.e. the days in which 

there is no fishing). 

5.3.2. Choice sets, time-area closures, and LLP endorsements 
The process of determining a vessel’s daily dominant species for catch and comparing it 

to our understanding of the NMFS regulations resulted in a fleet’s métier “universal choice set”, 
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which consists of all possible combinations of directed fisheries and locations that are available 

to be chosen by the fleet. Due to the complicated nature of fisheries management in the BSAI 

and GOA groundfish fisheries, however, certain métiers are not available at various times of the 

year due to fishery participation restrictions and area closures. Moreover, métier availability is 

heterogeneous across vessels so that the choice set at any given time is not the same for all 

vessels. Thus, in order to minimize biases resulting from a misspecified choice set, we carefully 

examine all regulations that influenced when, where, and for what vessels were allowed to fish, 

and adjusted each vessel’s choice set accordingly. The following subsections contain a 

description regarding a few of the major regulations that we accounted for. 

5.3.3. License Limitation Program (LLP) area endorsements 

A Federal LLP license is required for any vessel wanting to participate in directed fishing for 

LLP groundfish species in the GOA or BSAI.12 Each groundfish LLP license is issued with area 

endorsements: Bering Sea (BS), Aleutian Islands (AI), West Gulf (WG), Central Gulf (CG), and 

Southeast Gulf (SE). Any vessel that does not have an area endorsement attached to their LLP 

license is prohibited from fishing in that area. We therefore use the publically available LLP 

license database to remove métiers from vessels’ choice set to be consistent with the LLP license 

area endorsements (see Appendix B). For example, all métiers corresponding to fisheries and 

areas in the AI were removed from the choice sets of all vessels without an AI-area endorsement. 

5.3.4. Fishery Seasons 
Some groundfish fisheries have “seasons” in which all vessels are prohibited from directed 

fishing for particular species, which means that during these times, vessels can only catch these 

species incidentally, subject to the maximum retainable amounts. For example: directed fishing 

for Arrowtooth flounder and Greenland turbot in the BSAI is prohibited before May 1; directed 

fishing for Pacific cod and Atka mackerel in the BSAI is prohibited after November 1; directed 

fishing for pollock and cod in the GOA was mostly prohibited between June and August; and 

directed fishing for rockfish using trawl gear in the GOA is prohibited prior to July 1, unless a 

vessel participates in the Central GOA Rockfish Program, in which case directed fishing for 

                                                
12 LLP groundfish means target species and the 'other species' category, specified annually pursuant to 679.20(a)(2). 
The LLP does not apply to Pacific halibut or ling cod, which are not considered groundfish under the Federal 
Fishery Management Plans. The LLP is a Federal program and LLP licenses are not required for participation in 
fisheries that occur in the waters of the State of Alaska. 
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rockfish in Central GOA can take place after May 1.13 We therefore adjust the métier choice set 

to be consistent with the BSAI and GOA fishery seasons.  

5.3.5. Directed fishery closures 

Similar to fisheries with seasons, other fisheries are closed to directed fishing, but only for a 

subset of vessels. For example, directed fishing for rock sole and flathead sole in the Bering Sea 

has been prohibited for all non-A80 vessels since the 2008 implementation of the Amendment 80 

program. Thus, vessels in the AFA fleet are not able to participate in the directed fishery for rock 

sole or flathead sole. Instead, any rock sole or flathead sole caught by AFA vessels is considered 

to be incidental catch in other directed fisheries, and is subject to the maximum retainable 

amounts. Similar directed fishing closures in the BSAI exist for A80 vessels, which are 

prohibited from participating in the directed fishery for Pollock. Other examples of directed 

fishery closures include the Central GOA rockfish fishery, whereby NMFS areas 620 and 630 

are only open to directed fishing for rockfish for vessels that participate in the Central GOA 

Rockfish Program. We carefully combed through all directed fishing closures to restrict each 

vessel’s métier choice set to resemble the actual choices that were available to them.14 

5.3.6. Expected Catch and Revenue 
We use métier-specific spatiotemporal estimates of expected revenue and catch for each species 

as predictor variables in the indirect utility function in equation (8). Most location (and/or 

fishery) choice studies compute location-specific revenues or catch outside of the location-choice 

model itself, using historical fleet-wide and individual information as predictors.15  Examples 

include backward-looking fleet-wide average revenues or rolling averages (over some 

predetermined number of days) as in Smith (2002, 2005), Smith and Wilen (2003, 2004),  

Holland and Sutinen (1999, 2000), Hicks, Kirkley and Strand (2004), Hicks and Schnier (2008, 

2010), and Haynie et al. (2009), or more sophisticated time series methods to infer future returns 

based on past realizations of catch, as in Eales and Wilen (1986), Dupont (1993), Curtis and 

Hicks (2000), and Curtis and McConnell (2004). An important assumption many of the 

aforementioned examples make is that fishers place equal weight on all sources of information. 

                                                
13 BSAI and GOA groundfish season definitions are available at http://alaskafisheries.noaa.gov/regs/679b23.pdf.  
14 Directed fishery closures are reported annually in NMFS’ harvest specification tables. For an example, see the 
2015-2016 direct fishery closures at https://alaskafisheries.noaa.gov/sites/default/files/15_16bsaitable20.pdf.  
15 See Haynie and Layton (2010) for an exception. 
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In general, this is usually not the case. For example, harvesters may place more weight on fine-

grained information than on course-grained information (Wilson, 1990). 

Our model of seasonal behavior differs from other location- and fishery-choice studies in 

the sense that we allow for  multiple decisions to be made within a time step—i.e. the number of 

fishing days in a week for each métier. Thus, it is likely that métier choices made at the end of 

the week use information learned from métier choices earlier in the week, even though or 

empirical model does not update information within a week. Therefore, it may not be appropriate 

to model expected catches and revenue based solely on lagged catch and revenue outcomes given 

the simultaneous nature of métier choices and the formation of expectations within a week.  

We therefore estimate our fleet model using two different forms of expected revenues 

and catch. First, we model expected revenue (Revjkt) and catch (Catchsjkt) per day for a given 

week to be a function of the previous week’s fleet-wide revenues/catches and last year’s fleet-

wide revenues/catches for the same week. We follow a similar approach to Abbott and Wilen 

(2011) by allowing vessels to place different weight on last week’s versus last year’s catch and 

revenues, depending on the information they have available to them at the time. For example, let 

zjkt = [z1jkt, z2jkt] denote a vector containing the previous week’s and year’s fleet-wide average 

daily revenue for fishery k and location j, let d1jkt be a dummy variable equal to one if at least one 

vessel fished in fishery k and location j last week, and let d2jkt be a dummy variable equal to one 

if at least one vessel fished in fishery k and location j during the same week the previous year. 

Then we model expected revenue as: 

 
  
E Rev jkt( ) = exp ψ 0 (d1 jkt ,d2 jkt ) +ψ 1(d1 jkt ,d2 jkt )z1, jkt +ψ 2 (d1 jkt ,d2 jkt )z2, jkt{ }   (9) 

where ψ1 = 0 if d1 = 0 (i.e., there is no revenue information from last week) and ψ2 = 0 if d2 = 0 

(i.e., there is no revenue information from last year). In the case that d1 = d2 = 0 (i.e., there is no 

revenue information), we set E(Revjkt) = 0 and include a dummy variable missingjkt = 1 in the 

indirect utility function, indicating missing information (cf. Holland and Sutinen, 1999;  Haynie 

et al., 2009;  Hicks and Schnier, 2010). We model the expected catch per day for each species s 

in a similar manner. Catch information is derived from the observer data, and converted into 

wholesale revenue using annual wholesale values reported in Fissel et al. (2014) 

 Second, rather than using lagged information to model expected catch and revenues, we 

model a vessel’s expected catch for a particular species to be equal to the expected value of said 

species’ CPUE distribution, which is specific to a vessel, time, area, fishery, and year. Thus, 
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vessels are assumed to know the probability distribution of CPUE for each species, and make 

decisions based on the expected value of the distribution. Expected revenue is then determined 

by combining expected catch with wholesale prices reported in Fissel et al. (2014). The 

estimation of the species-specific CPUE distributions is discussed extensively in Section 5.4. 

5.3.7. The Shadow Cost of Quota 
Conceptually, vessel- and company-level decisions regarding where, when, and for what to fish 

depend on how much remaining quota they have. This is particularly true if there is a risk of 

binding quota that would prevent them from fishing for other species later in the year. From a 

modeling perspective, it is not particularly clear how to incorporate remaining quota into a 

vessel’s indirect utility function, without estimating the full stochastic dynamic programming 

problem, which as discussed previously, is intractable given the “curse of dimensionality” for 

our specific application. From the perspective of a dynamic behavioral model, future catches, 

revenues, and quota usage are all captured in the value function, which summarizes how the 

current decision affects future payoffs, under the premise that vessels will act optimally in the 

future. One approach is to approximate the value function in a reduced form way be treating it as 

an individual- and time-specific “random effect”, as in Baerenklau and Provencher (2005). 

Unfortunately, this approach does not allow the analyst to simulate the effects of any policy that 

might affect future fishery conditions (i.e., the specification is not mechanistic in any way). This 

approach will therefore not suffice for looking at the impacts of differing quota allocations, for 

instance. 

 Quota utilization is meant to measure the impact of a decision today on the remaining 

quota available tomorrow. The amount of remaining quota only matters relative to: i) how much 

time is remaining in the season; and ii) how much of that quota is needed in the future. For 

instance, consider Pacific cod for the A80 fleet, which can be caught, retained, and sold, but is 

often thought of as a bycatch species because it is in short supply (in terms of quota allocations) 

and is caught incidentally with other target species. When a vessel is considering location j and 

fishery k, it will weigh the amount of cod it expects to catch incidentally against the amount of 

remaining cod quota it has, how late it is in the season, and the value of using that cod quota in 

the future, either as a incidentally caught species or as a target species. 

We follow two different approaches for approximating the shadow cost of quota. First, 

we approximate the shadow cost of quota for each species by including the expected catch of 
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each species in the indirect utility function and allow its coefficient (i.e. the shadow cost) to be a 

quadratic function of remaining quota and remaining weeks of the season: 

    α s Quotast ,Seasont( )Catchsjkt = α0s + ′x sta s + ′x stAsx st( )Catchsjkt ,   (10) 

where xst = [Quotast, Seasont]. Thus, a vessel’s response to a métier’s expected catch depends on 

how much quota a vessel has remaining and how much time is remaining in a season. We would 

expect that less remaining quota for a particular species would induce vessels to avoid areas with 

higher expected catch for said species, ceteris paribus. Further, we would expect that avoidance 

would be greater earlier in the season than later in the season, for a given level of remaining 

quota.  

While this above approach is a fairly flexible and is able to capture the state dependent-

nature of expected catch, it does not include explicit measures of a vessel’s expectations of future 

catch and quota usage, as would be expected to exist within the value function. To address this 

issue, our second approach uses a combination of remaining quota, remaining weeks in the 

season, and the future temporal distribution of CPUE, as determined by the estimated CPUE 

species-specific distributions, discussed in Section 5.4. For instance, let pctQuotast denote a 

vessel’s percentage quota remaining for species s at week t, and let pctSeasont denote the 

percentage time remaining in a season. Then pctQuotast / pctSeasont is a relative measure of 

remaining quota to remaining time left in a year. This measure, however, does not consider the 

fact that CPUE in future weeks may be different than CPUE in past weeks. To incorporate this 

information, we construct a variable called “weighted time”, or weight_timest, which measures 

the remaining time left in a season, weighted for the relative distribution of CPUE in the 

remaining weeks of the season. Figure 13 presents an illustration of this concept, where CPUE 

for a certain species is assumed to increase linearly over the course of a year. The weighted time 

left at time t is the red area dived by the blue area. In this case, the CPUE-weighted measure of 

remaining time at time t is larger than the actual percentage time remaining, because the 

weighted time accounts for the fact that CPUE is larger in the future. We combine weight_timest 

with pctQuotast to create the following index, which we call “quota speed”:   

 
  
qspeedst =

pctQuotast − weight _ timest

pctQuotast + weight _ timest

,   (11) 

which lies between -1 and 1 and measures the amount of remaining quota left relative to 

remaining weeks in the season and CPUE in future weeks. A positive measure of qspeed 
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indicates that a vessel has more quota remaining than anticipated future usage—i.e. quota is 

relatively abundant. Conversely,  a negative measure of qspeed indicates that a vessel has less 

quota remaining than anticipated future usage—i.e. quota is relatively scarce. A measure of zero 

indicates that remaining quota and anticipated future quota usage are in balance. This measure 

assumes that vessels know the probability distribution of the spatiotemporal distribution of 

CPUE, thereby allowing vessels to make decisions based on the expected values of CPUE in 

future weeks.  

For this second approach, we approximate the shadow cost of quota by including the 

expected catch of each species in the indirect utility function and allow its coefficient (i.e. the 

shadow cost) to be a quadratic function of quota speed: 

   α s qspeedst( )Catchsjkt = α0s +α1sqspeedst( )Catchsjkt .   (12) 

The parameter α0 represents a vessel’s overall targeting or avoidance behavior for a particular 

species when quota usage is in balance.  

5.4. Spatiotemporal CPUE Estimation 
The spatiotemporal CPUE distributions for all groundfish species play two critical roles in our 

model. First, as described in Section 5.3.6, species-specific CPUE is used as a proxy for the 

catch (and revenues) that vessels expect to receive when choosing to fish a particular métier. 

Second, CPUE distributions are used to determine the actual catch that vessels receive after 

visiting a métier in the simulation model (Figure 10). This role for CPUE is important for 

tracking the evolution of quota over the season and the corresponding métier choices that are 

made in future weeks of the year.  

 A major challenge in measuring CPUE across space and time is that resource abundance 

is not directly observable and can change over time.  Observed fishery CPUE is often used as a 

proxy for spatial and time varying species abundances or within a modeling framework to 

estimate stock status.  In either case, it is important to capture the temporal changes in the spatial 

dynamics of the stock, over the full range of the stock.  This presents an additional challenge 

when not all areas are fished in each time step, creating zero-effort locations in the data set.   

Zero-effort (or missing) areas can be an issue if the missing observations are systematic, which 

can lead to biased perceptions of true populations trends, as shown by Walters (2003), Campbell 

(2004), and Carruthers et al. (2014). The CPUE data from the fished areas may not be 

representative of the unfished areas, since they are not a random sample of the population, but a 
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targeted choice by fishers influenced by multiple factors. 

In this study, we estimate CPUE values for all possible area, time, and fishery 

combinations, even for those combinations with no observed CPUE values.  We review several 

studies that have attempted to fill in missing observations and present the methods chosen for 

this study.  A full choice set of CPUE values is needed to address the issue of zero-effort 

locations and bias, but also is needed within the fleet model to have full information on each 

available choice in a time step. This is particularly important for simulating métier choices under 

new policy alternatives that induce vessels to choose métier-time combinations that have never 

been visited historically. In the case of the Bering Sea groundfish fisheries, location choices 

change throughout the year, so observed CPUE values are not available for all areas at all times 

(e.g. weeks, months).  This process requires an estimation process to fill in missing CPUE 

observations in space and time.  

Ultimately, the spatial and temporal scale of the CPUE estimates must be defined by the 

scales and modeled processes of the fleet model. In particular, the spatial scale of the CPUE 

estimates should match the spatial scale of the fleet model directly, while the temporal scale of 

the CPUE maps should be based on the processes that are trying to be captured in the fleet 

model.  For instance, if the CPUE maps are intended to capture species migrations and shifts in 

habitats throughout the year, then the temporal scale should match the seasons in which these 

movements occur. If the fleet model is trying to capture changes in localized species abundance 

due to fishing pressure, then matching the temporal scales of the fleet and CPUE estimates is 

useful.  The challenge is to find an appropriate scale for both, such that enough information is 

available for each area and time step for predicting the missing values. 

 There are several methods available for filling in missing observations, some of which 

address the challenges of this study. First, when going to finer spatial and temporal aggregations, 

observations become more sparse, creating space-time combinations that have zero-effort. 

Simply increasing the spatial or temporal aggregations can remove this problem, as in the study 

by Zhang and Smith (2011) where they aggregated to the monthly level, rather than weekly, to 

avoid zero effort cells. However, increasing the spatial and temporal scale comes at the cost of 

limiting the model’s ability to capture the effects of fine-scale regulatory measures (such as time 

and area closures) and the primary mechanisms that determine economic returns and catch 

compositions (i.e. the placement of gear in space and time). Thus, the choice of the temporal and 
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spatial scale of the CPUE distributions must balance the sparcity of data at finer resolutions with 

the loss of behavioral and regulatory mechanisms at coarser resolutions. 

 Second, geostatistical techniques, such as kriging, provide a way predict to CPUE over 

space and time by using weighted (usually distance in space or time) averages of the known 

values of the CPUE in the neighborhood of a point. For instance, Pelletier and Parma (1994) use 

variographic analysis to estimate spatial autocorrelation in observed CPUE values and then use 

kriging to predict missing observations.  They do this using longline survey data.  While this 

method can provide estimates of CPUE using spatial and temporal autocorrelation, the method 

for estimating the strength of autocorrelation is somewhat subjective, using visual techniques.  

 Finally, Walters (2003), Campbell (2004), and Carruthers et al. (2014) all use imputation 

to fill in missing area-year observations.  Walters (2003) uses a pure imputation method, where 

the average nominal CPUE in each year–area strata is calculated (ignoring hook type, depth and 

season) and is then used to spatially impute CPUE for the unobserved area-year observations.  

The imputation method is based on whether observations occur in an area before, after, or both at 

a given time step. When standardized CPUE is missing for a year-area combination prior to 

when fishing occurred in an area, the first three standardized CPUE predictions for that area are 

averaged.  When a missing value occurs after fishing has finished in that area, the last 

standardized CPUE estimate is used for that area.  And if missing values occur between two 

standardized predictions, values are interpolated with the mean of the nearest predictions (before 

and after).  This is done at an annual time scale.  Caruthers et al. (2010) uses the same imputation 

procedure, but first uses a general linearized model to calculate standardized CPUE values for 

year-area combinations, and then uses the standardized CPUE values within the imputation 

process presented by Walters (2003).  Campbell (2004) uses a similar process, using 

standardized CPUE by area, then filling in missing areas based on using relative abundance of 

biomass in observed areas in a given time step, then filling in missing with either assuming they 

take an  average or minimum relative abundance. 

 To develop CPUE maps that cover the full range of available fishing areas at each time 

step, we chose to follow similar methods to those used in Campbell (2004) and Caruthers et al. 

(2010) by using parametric regression models rooted in generalized linear models (GLMs) and 

their extensions (McCullagh and Nelder, 1998). This family of models has seen extensive use in 

stock assessment and species abundance modeling (Maunder and Punt, 2004;  Pradhan and 
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Leung, 2006). The specification process can be distilled to the choice of a distribution for catch, 

and the choice of a regression function for the (conditional) mean of this distribution. For each 

species, we included spatial, fishery, fleet, and seasonal fixed effects to allow for trends in the 

expected catch rate of a species across space within a season. However, unlike Campbell (2004) 

and Caruthers et al. (2010), our model uses fixed effects with no area-time-fishery interactions, 

so that estimates are provided for unobserved areas and fisheries in all time steps.  If area-time-

fishery interactions are included, we would still be missing unobserved area-time-fishery 

combinations and would need to follow the GLM modeling process with imputing (e.g., 

Caruthers et al., 2010; Campbell, 2004) or kriging (e.g., Pelletier and Parma, 1994). 

 Letting Csitwjky represent the catch of species s for vessel i at day t during week w at 

location j in fishery k and year y, we fit the following GLMs of Csitjky: 

 
    
g E Csitwjky( ){ } = ′β x sitwjky ,    Csitwjky ∼ Fs   (13) 

where  g(⋅) is called the link function, Fs is the distributional family for species s, and the linear 

regression term   ′β x sitjky takes on the following form: 

 
   
′β x sitwjky = βi + βw + β j + βk + β y + β1 ln durationitwjky( ) + β2tempjy + β3surveysjy

  

where duration measures the towing hours associated with observed daily catch, survey is the 

average trawl survey CPUE, which varies annually across areas and species, and temp is a 

measure of the average bottom temperature associated with the trawl survey. The non-interactive 

fixed effects for vessels, weeks, areas, fisheries, and years effectively standardize CPUE over 

these multiple dimensions and provide a mechanism for “filling in gaps” where fishing is not 

observed in a given area or fishery in a particular week of the year.  

 We fit a GLM model for each species and fleet, and occasionally estimate different 

models for a single species, depending on whether that species is target or incidental catch. 

Different species require different choices of a distributional family Fs. For example, commonly 

caught species (e.g., yellowfin sole and pollock) that are denominated in kilograms or metric 

tons are well modeled by a continuous density such as the log-normal or gamma, using a log or 

power link function. Alternatively, species that are more rarely caught as incidental catch (e.g., 

halibut or Chinook salmon) that are caught in more discrete units are better modeled by count 

distributions, such as the Poisson or negative binomial. Further, some species have different 

catch distributions depending on whether they are being targeted or not. For instance, when Atka 
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mackerel is being targeted in the Aleutian Islands, it has a relatively bell-shaped distribution, but 

when it is not being targeted, it has a distribution that is significantly skewed towards zero, with 

many zero encounters. In instances such as these, we us “zero inflated” models to account for the 

preponderance of zero catch rates. In addition, GLM models commonly assume that the variance 

in catch rates around the mean is either constant or a simple function of the mean. In many cases 

we use multilevel modeling approaches (Koper and Manseau, 2009) that also allow the spread of 

the catch rate distribution to depend upon some or all of the variables that influence the mean. 

The primary criterion for judging the specification of these models is their ability to accurately 

predict catch rates in and out of sample. 

 Predictions for CPUE maps (CPUE estimates for all area-time-fishery possibilities) are 

estimated for each fleet targeting the species of interest. Thus, the GLMs used to fit to the 

species data will be used to make separate prediction maps for each fleet targeting that species.  

To do this, we develop the full choice set of area-time-fishery combinations that are relevant to 

each fleet, as discussed in Section 5.3.2.  The choice set of all locations and fisheries is then 

expanded to be represented in each time step (week and year). CPUE predictions are then made 

for the full choice set using the fixed effects for vessel, week, year, fishery, and area, as well as 

average trawling duration, and the temperature and CPUE data from the survey.  The end result 

is a target-specific species CPUE map for each fleet and species combination. Details regarding 

the specific estimation procedures for each species are found in the fleet-specific applications in 

Section 6.1.5. 

6. Application to the Amendment 80 Fleet 
The Amendment 80 fleet provides a unique opportunity to apply the methods from the previous 

section because of the tremendous data coverage that exists for this fleet. Because all vessels in 

this fleet (1) are catcher processor trawlers and (2) primarily participate in North Pacific federal 

groundfish fisheries, we have a nearly comprehensive dataset of fishing effort across all fisheries 

in the Bering Sea, Aleutian Islands, and Gulf of Alaska. This is in contrast to the AFA Offshore 

and Inshore fleets that (1) participate in fisheries outside of the North Pacific and/or (2) do not 

have full observer coverage in fisheries outside of the directed fishery for pollock. In this section, 

we apply the methods developed in the previous section to the Amendment 80 fleet, with the 

goal of being able to conduct simulations of effort and catch under alternative policies scenarios 

related to quota management. This first requires estimating the empirical fleet model, validating 
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our empirical results and predictions with actual realized outcomes from the A80 fleet, and 

simulating fleet outcomes to “recreate” history, in order to see  how well the model performs for 

describing fleet behavior observed in the past. 

Generally speaking, the fisheries in which A80 vessels participate can be divided into 

three broad categories: i) the Aleutian Islands, which is dominated by trawling for Atka mackerel 

(with some targeting of Pacific cod, Pacific ocean perch, and a range of rockfish species); ii) the 

Bering Sea fishery, a highly mixed fishery on the relatively shallow shelf area of the Eastern 

Bering Sea, where the dominant targets are a range of flatfish species (e.g., yellowfin sole, rock 

sole, flathead sole, and arrowtooth flounder) and Pacific cod; and iii) the Gulf of Alaska, which 

is dominated by the targeting of rockfish (such as Northern Rockfish and Pacific Ocean Perch) 

under the Central GOA Rockfish Program, as well as participation in limited access flatfish (e.g. 

rex sole and arrowtooth flounder) and groundfish (e.g. pollock and cod) fisheries (Figure 14).  

The A80 fleet catches a wide range of species, both allocated and non-allocated, as 

indicated by Figure 15. The dominant species include all allocated species—i.e. yellowfin sole, 

rock sole, flathead sole, Pacific cod, Pacific ocean perch (POP), and Atka mackerel—and some 

non-allocated species, such as Pollock, plaice, and arrowtooth flounder.  shows that the catch of 

these species differ greatly in their temporal distribution over the course of the year. Rock sole in 

the BS and atka mackerel in the AI tend to dominate the beginning part of the year, followed 

yellowfin sole in the BS before transitioning to rockfish species in the GOA in the summer. The 

fall and early winter are typically dominated by yellowfin sole in the BS and atka mackerel in the 

AI. Catches of non-allocated species such as Pollock tend to be evenly distributed over the year 

and caught incidentally in the flatfish fisheries in the BS, while arrowtooth flounder tends to be 

concentrated in the summer and fall. Importantly, there tends to be a relatively stable pattern in 

the temporal distribution of species composition over the course of a year, although the closure 

of NMFS area 543 to directed fishing for Atka mackerel and cod in 2011 has somewhat changed 

the distribution of Atka mackerel catch. 

6.1. Implementation of the Empirical Model 

We model the effort decisions of the A80 fleet and estimate the model using data for the years 

2008-2013. These specific years are chosen because of the significant shifts in fishery 

management (i.e. the introduction of Amendment 80) and observer coverage that took place in 

2008.   
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6.1.1. Métier definition 
We model effort decisions at the week level where a fishing day is our unit of effort. 

Specifically, we model how vessels or companies allocate the number of days in a week across 

various métiers, defined as a fishing location (NMFS area) and directed fishery combination. We 

define a fishing day as any day in which a haul took place and assign each fishing day to a 

NMFS management area. In the case that multiple NMFS areas are visited in a single day, the 

fishing day is assigned to the NMFS area in which the largest portion of trawling hours took 

place. Of the 24,091 unique fishing days in the dataset for the A80 fleet, 2,308 (~9%) took place 

in two NMFS areas and 55 (<1%) took place in three NMFS areas.  

Fishing days are subsequently assigned to a target or directed fishery. Despite the fact 

that NMFS regulations differ by directed fishery, NMFS assigns effort to directed fisheries 

retrospectively (using catch accounting data) and at the week level, which is insufficient for 

providing targeting information at the daily level. We therefore perform our own directed fishery 

assignments by retrospectively allocating a fishing day to the species that accounted for the 

largest portion of that particular day’s catch (i.e., the dominant species). While this is a fairly 

intuitive assignment rule for assigning a target fishery, it is not without its problems—namely 

that incidentally caught (i.e. non-targeted) species can sometimes dominate daily catch. To avoid 

misallocating fishing days to target fisheries, we remove fishery-NMFS area combinations from 

the métier choice set that are not consistent with NMFS regulations and conversations with 

industry personnel. As an example, pollock fishing in the BSAI was removed from the fishery 

choice set for Amendment 80 vessels since vessels in this fleet cannot participate in a directed 

fishery for pollock; rather, they catch Pollock as an incidental species in other fisheries, subject 

to a maximum retainable amount.  As another example, rock sole fishing in the Aleutian Islands 

was removed from the fishery choice set for A80 vessels since conversations with industry 

personnel suggested that vessels would never go to the Aleutian Islands to target rock sole. 

These assignment rules resulted in a total of 59 métiers—including a “no fishing” métier 

(N=11,363)—with the largest portion of fishing days being allocated to the Bering Sea flatfish 

fisheries (particularly yellowfin sole and rock sole), followed by Atka mackerel in the Aleutian 

Islands and rockfish in the Gulf of Alaska (Table 4).16 The fisheries with the fewest fishing days 

                                                
16 For the sake of tractability, we grouped multiple species together for the GOA fisheries. In particular, we 
combined pollock and cod into the “groundfish” species; arrowtooth flounder, flathead sole, other flatfish, and rock 
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are groundfish in the GOA and Greenland turbot in the AI and BS. The average temporal pattern 

of fishery participation (by fishing day) can be seen in Figure 17. The set of all métiers listed in 

Table 4 makes up each vessel’s “universal choice set”, which is subsequently refined to reflect 

directed fishery seasons and closures throughout the year. 

6.1.2. Directed Fishery Seasons 
As discussed in Section 5.3.4, some groundfish fisheries have “seasons” in which all vessels are 

prohibited from directed fishing for particular species, which means that during these times, 

vessels can only catch these species incidentally, subject to the maximum retainable amounts 

(MRAs). Table 5 lists the relevant seasonal opening and closing dates that apply to all A80 

vessels.17 The métier choice set for all A80 vessels is adjusted to accurately reflect these 

openings and closings. 

6.1.3. Directed fishery closures 
As discussed in Section 5.3.5, some fisheries are closed to directed fishing, but only for a subset 

of vessels. The ability to participate in a particular fishery depends on a complicated suite of 

regulations that consist of LLP endorsements, sideboard limitations, and area closures. The 

particular regulations that affect the ability of A80 vessels to participate in directed fisheries in 

the BS, AI, and GOA are discussed below. We use all of the following information to update 

each vessel’s métier choice set to accurately reflect their fishery participation opportunities. 

6.1.3.1. Gulf of Alaska fishery restrictions 

The A80 fleet conducts a considerable amount of fishing effort in the GOA, either in the 

Rockfish Cooperative Program, or in the limited access flatfish and groundfish fisheries. Each of 

these fishing opportunities has a unique opening date (Table 4), restrictions for who can fish, and 

sideboard limitations. 

 A80 vessels that participate in the GOA groundfish and flatfish fisheries are subject to 

halibut PSC sideboard limits. Halibut PSC in any fishery is applied to the PSC sideboard limit, 

with the exception of halibut PSC in the Rockfish Program (described below). Halibut PSC in 

                                                                                                                                                       
sole into the “flatfish” species; and northern rockfish, POP, Atka mackerel, and other rockfish into the “rockfish” 
species. In addition, we also grouped arrowtooth and Kamchatka flounder into a “arrowtooth” species for both the 
BSAI And GOA regions. Our groupings are relatively consistent with NMFS regulations regarding seasonal 
openings and closures, as well as vessel-specific directed fishing endorsements (e.g. the rockfish pilot program). 
17 BSAI and GOA groundfish season definitions are available at http://alaskafisheries.noaa.gov/regs/679b23.pdf.  
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the GOA is apportioned across 5 seasons and is split between “deep-water” and “shallow-water” 

PSC.18 If the PSC limit for any season is reached, then all A80 vessels are prohibited from 

directed fishing for: arrowtooth flounder, deep-water flatfish, rex sole, and non-Central GOA 

rockfish (for deep-water halibut PSC); flathead sole, Pacific cod, Pollock, shallow-water flatfish, 

other species (for shallow-water halibut PSC). Halibut PSC sideboard limits apply to the entire 

GOA (i.e. they are not apportioned by management area). 

A handful of A80 vessels are eligible to participate in directed fishing for flatfish in the 

GOA, including arrowtooth flounder, deep-water flatfish, flathead sole, rex sole, and shallow-

water flatfish.19 There is no sideboard limit for these flatfish species in the GOA for the A80 

vessels; however, the GOA halibut PSC limits do apply to these fisheries. The season for GOA 

flatfish fisheries runs from Jan 21. to Dec. 31 and takes place in Western and Central GOA 

management areas. 

A80 vessels are also able to participate in GOA groundfish fisheries, subject to 

groundfish and halibut PSC sideboard limits, as well as endorsements for GOA trawl fishing.  

Sideboards for GOA groundfish species include Pollock, Pacific cod, POP, Pelagic shelf 

rockfish, and Northern rockfish. These sideboard limits apply to the entire A80 fleet, and are thus 

common property: once a sideboard limit is reached, all A80 vessels are prohibited from directed 

fishing for that species.  The sideboards for non-rockfish groundfish species (i.e., Pacific cod and 

Pollock) are apportioned across areas (e.g., Western and Central GOA, West Yakutat District) 

and seasons. Sideboard limits for rockfish species are also area specific, and are also subject to 

the rules for the Central GOA Rockfish Program. 

The Central GOA Rockfish Program (RPP) allocates exclusive harvesting privileges to 

CVs and CPs for rockfish primary (northern rockfish, POP, and pelagic shelf rockfish) and 

secondary (Pacific cod, rougheye rockfish, shortraker rockfish, sablefish, and thornyhead 

rockfish) species. Eligible LLP holders may choose to be excluded entirely from the RPP, and 

are thereby not eligible to directed fish for primary rockfish species in Central GOA, but are also 

exempted from specific sideboard limits for groundfish and rockfish in the Western GOA. 

Allocated quota share (QS) must be assigned to a rockfish cooperative in order to participate in 

                                                
18 Seasons: 1) Jan. 20 – Apr. 1; 2) Apr. 1 – Jul. 1; 3) Jul. 1 – Sep. 1; 4) Sep. 1 – Oct. 1; 5) Oct. 1 – Dec. 31. 
19 These vessels include: Alliance, American No 1, Defender, Legacy, Ocean Alaska, Ocean Peace, Seafreeze 
Alaska, U.S. Intrepid, Unimak, and Vaerdal (http://www.gpo.gov/fdsys/pkg/CFR-2008-title50-vol9/xml/CFR-2008-
title50-vol9-part679-app39.xml). 
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the RPP. Halibut PSC is also allocated to each cooperative, which is different from the GOA-

wide Halibut PSC sideboard limit discussed above.  

Each year, holders of QS may voluntarily opt-out of participating in a rockfish 

cooperative, thereby forgoing the opportunity to fish rockfish primary species. Vessels that opt-

out are subject to opt-out sideboards and collectively share the portion of each rockfish sideboard 

limit not assigned to rockfish cooperatives. Sideboard measures are in effect only during the 

month of July when the Central GOA rockfish fisheries were traditionally open, and do not apply 

to vessels that excluded themselves from the RPP entirely. Sideboard limits are as follows:20  

• Opt-in vessels: sideboard limits for primary rockfish species in West Yakutat and 

Western GOA; deep- and shallow-water halibut PSC sideboard limit. 

• Opt-out vessels: No directed fishing for rockfish primary species in GOA; no 

directed fishing in GOA groundfish fisheries without previous participation in 

2000-2006. 

The rules that govern where and when (and for what) vessels can fish are somewhat complicated, 

even more so by the fact that prior to 2012, the Rockfish Pilot Program had slightly different 

than the prevailing Rockfish Program. Directed fishing for rockfish in the GOA by non-Rockfish 

Cooperative participants does not open to trawl gear until July 1st. Vessels must have an 

endorsement for Western of Central GOA in order to participate and are subject to sideboard 

limitations as well.21 

6.1.3.2. Aleutian Islands fishery restrictions 

A80 vessels receive allocations for Atka mackerel, POP, and Pacific cod, which are actively 

targeted in the Aleutian Islands. These fisheries are only limited by the availability of quota for 

these species, as well as quota for prohibited species, such as halibut. In contrast, species such as 

arrowtooth flounder and Greenland turbot have fleet-wide allocations, and are only restricted to 

directed fishing if fleet-wide TACs for these species are exhausted. 

The Aleutian Islands fisheries, however, do have fairly extensive spatial fishing 

restrictions. For instance, prior to 2011, directed fishing for Atka mackerel in “harvest limitation 

areas” (HLAs) in NMFS areas 542 and 543 was only available to a subset of vessels during 

                                                
20 http://alaskafisheries.noaa.gov/regs/679g82.pdf 
21 http://alaskafisheries.noaa.gov/sustainablefisheries/amds/80/sideboards.pdf  
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particular weeks of the year.22 Moreover, directed fishing for cod within the HLAs was 

prohibited while the HLAs were open to directed Atka mackerel fishing. This pattern of directed 

fishing closures was eliminated in 2011 with the annual closure of NMFS area 543 and all HLAs 

to directed Atka mackerel and cod fishing, in an attempt to provide additional protection 

measures to the Western Stellar Sea Lion population. Since the HLAs represent only a subset of 

the area enclosed within NMFS areas 542 and 543, non-eligible HLA vessels were still able to 

fish for Atka mackerel and cod in other (although limited) areas within areas 542 and 543. We 

therefore do not remove the métiers pertaining to the Atka mackerel and cod fisheries in areas 

542 and 543 for non-eligible vessels from the choice set; rather, for these particular métiers, we 

introduce a variable equal to the number of days a vessel is eligible to fish for Atka mackerel or 

cod in an HLA during that particular week into the indirect utility function (discussed below). 

6.1.3.3. Bering Sea fishery restrictions 

A80 vessels receive allocations for rock sole, yellowfin sole, flathead sole, and Pacific cod, 

which are actively targeted in the Bering Sea. These fisheries are only limited by the availability 

of quota for these species, as well as quota for prohibited species, such as halibut. In contrast, 

species such as arrowtooth flounder and Greenland turbot have fleet-wide allocations, and are 

only restricted to directed fishing if fleet-wide TACs for these species are exhausted. 

6.1.4. Tracking quota usage 
In theory, measuring a vessel’s remaining quota at any point of the season is simply a matter of 

subtracting a vessel’s cumulative catch from their initial catch entitlement. In practice, measuring 

a vessel’s quota usage in the Amendment 80 fleet is complicated by the fact that each vessel’s 

catch entitlement must be vested into a cooperative, which is given considerable flexibility as to 

how catch entitlements are internally allocated. Leasing arrangements and/or non-arm’s-length 

methods of internal reallocation are all feasible, and some trading between cooperatives is 

allowed as well. In practice, vessels have primarily fished their own target and PSC allocations, 

                                                
22 HLAs were areas within Stellar Sea Lion Critical Habitat in which 60% of the seasonal allowance of Atka 
mackerel was permitted to be harvested. Effort within HLAs was limited by restricting access to HLAs within the 
Central (542) and Western (543) regions to only half the fleet at a time. Vessels that applied to fish for Atka 
mackerel in the HLAs were randomly assigned to one of two teams, which started fishing in either area 542 or 543, 
with the HLA TACs evenly divided between the two teams (aka, the “platoon” system). Vessels were not permitted 
to switch areas until the other team had caught the HAL TAC assigned to that area. In practice, the openings were 
approximately one week in length for each of Atka mackerel seasons. 
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although some stacking of quota on vessels occurs within a company and there are a significant 

number of exchanges of quota of one species for another as company owners determine which 

species they expect they will need or hold in excess. Given that we do not witness or have data 

on a cooperative’s internal transactions, it is not clear how much remaining quota a vessel has at 

any particular time of the season. 

 Fleet-wide usage of the A80 allocation can be seen in Figure 18.23 It is clear that 

allocations for certain species—e.g. Pacific cod, Atka mackerel, and POP—are used more than 

others—e.g. flathead sole, yellowfin sole. The fleet-wide quota usage, however, disguises a great 

deal of heterogeneity across companies and cooperatives. For instance, Figure 19 shows that the 

slack in yellowfin sole quota usage at the fleet level is almost exclusively due to the lack of 

yellowfin sole quota usage by the AK Groundfish Cooperative. Given that there are nearly no 

instances in which a cooperative harvests more than its allocation, it appears that there is little (if 

any) exchanges of quota across cooperatives. This is also true when examining quota usage at the 

company level, with cod being the primary exception. In contrast, if we go further and examine 

at the vessel level, we would see that there is a tremendous amount of stacking quota on 

individual vessels within a company—particularly for those companies that have stopped using 

smaller boats and distribute its quota across its other vessels.24 Thus, it is likely safe to assume 

that vessels are allocating fishing effort across locations and fisheries in response to remaining 

quota at the company-level, as opposed to the vessel-level. We therefore use company-level 

quotas when calculating a vessel’s remaining quota at any given week in a year.25  

Remaining quota for the A80 species can be seen in Figure 20. Clearly, remaining quota 

and week of the year are strongly (and negatively) correlated (-0.7); however, there is still a 

decent amount of variation in remaining quota for a given week (and vice versa). Rock sole 

quota is used heavily early on in the season, while Pacific cod and halibut PSC quota are used 

fairly steadily over the course of the year. There is a great deal of heterogeneity in remaining 
                                                
23 Vessel-specific annual catch entitlements for all six allocated BSAI target species are publically available on the 
NMFS website: https://alaskafisheries.noaa.gov/sustainablefisheries/amds/80/. Note that a vessel’s annual catch 
entitlement is determined by a vessel’s quota share multiplied by the fleet-wide catch allocation. In some years, the 
Amendment 80 fleet receives in-season rollovers from other sectors, and thus, the fleet-wide catch allocation at the 
beginning of the year differs from at the end of the year. We use the “end-of-season” catch allocation to determine 
quota usage, thereby avoiding (in theory) the possibility of quota overage that may arise when using the “beginning-
of-season” catch allocation. 
24 We do not present company- or vessel-level quota usage due to confidentiality concerns. 
25 Note that in the few instances in which a company’s annual catch is greater than its annual allocation, we use the 
company’s annual catch as its initial quota allocation so that their remaining quota always greater or equal to zero.  
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quota in any given week of the year. This is especially true for POP and Atka mackerel, due to 

the fact that some companies only receive a very small allocation for either of these species. 

6.1.5. Estimating CPUE distributions 

We estimated CPUE distributions for eight target species (rock sole, yellowfin sole, flathead 

sole, Pacific cod, arrowtooth flounder, Atka mackerel, Pacific ocean perch, and pollock) and one 

bycatch (or prohibited catch) species (halibut), where CPUE is measured by catch per day. 

Figure 21 through Figure 28 display the spatial distribution of total catch for the years 2010 to 

2013 for the A80 fleet, in order to characterize the heterogeneity in species-specific catch across 

space. Figure 29 through Figure 35 display the empirical distribution of CPUE for each species 

for the years 2002-2013, separated by region (BS, AI, or GOA) and whether the species was 

target catch or incidental catch. As can be seen, the distribution of CPUE for each species differs 

greatly according to whether a species is being targeted or not, and the general region in which 

rock sole is being caught. Thus, in order to accommodate such heterogeneities, we estimate 

multiple CPUE distributions for each species according to their targeted status and region, with 

each distribution differing by the probability distributional family, along with the explanatory 

variables and fixed effects used to describe the mean and dispersion parameters.  

 The distributional families, explanatory variables, and fixed effects used to estimate each 

CPUE distribution can be found in Table 6 and Table 7. The two main distributional families we 

use are the negative binomial (NB) and the zero-inflated negative binomial (ZINB). Both of 

these distributions are typically used to describe the number of discrete occurrences (or counts) 

of an event, when the event follows an overdispersed Poisson distribution (see Cameron and 

Trivedi, 2005). The ZINB distribution is a modification of the NB distribution that accounts for a 

prevalence of zero occurrences in the data. This is particularly important for modeling CPUE for 

species that are caught in low amounts as incidental catch in other fisheries. To motivate the use 

of the NB and ZINB distributions for estimating CPUE, which is arguably a continuous variable, 

we interpret the catch of a fish as a discrete event that occurs at a constant rate, which when 

multiplied by exposure (i.e. the duration of a trawl) and average weight, gives the expected total 

catch. The benefit of using the discrete negative binomial distribution over continuous 

distributions, such as a gamma, is that methods are currently available to parameterize and 

estimate the dispersion parameter for the NB distribution (alpha), which allows for greater 

flexibility for capturing observed heterogeneity in the variance of CPUE across areas, weeks, and 
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years. In addition, the NB distribution is nested in the ZINB distribution, which allows us to test 

whether the ZINB model is the appropriate distribution. Moreover, the ZINB distribution also 

allows for the probability of having zero catch to be parameterized, in order to account for 

differences in the likelihood of zero catches across areas, fisheries, and years.26 

 We estimate the CPUE distributions using aggregated observer catch data (at the day, 

NMFS area, year, vessel, fishery level) and annual trawl survey information (at the year, NMFS 

area level)—including average catch rate and average bottom temperature. Note that the trawl 

survey is conducted on an annual basis in the Bering Sea, but only every other year for the 

Aleutian Islands and Gulf of Alaska. Thus, we only include trawl survey information in the 

distributions for the Bering Sea. Predicted versus actual CPUE for each species—by target and 

non-target distribution—are presented in Figure 36 through Figure 44. By and large, the 

predicted CPUE distributions fit the central portion of the actual CPUE distributions; however, 

they do relatively poorly in fitting the tails of the distributions. This is particularly true for Atka 

mackerel and yellowfin sole.  

 As will become apparent in the performance of the simulation model (Section 6.3), 

predicted CPUE distributions also tend to produce some fairly large outliers, which ultimately 

wreak havoc for the simulation model. Estimation of the CPUE distributions is still an active 

area of research.  

6.1.6. Weighted Time and Quota Speed 

As discussed in Section 5.3.7, the estimated species-specific CPUE distributions are combined 

with quota usage to form a measure of how much quota is remaining for a particular vessel 

relative to the amount of time remaining in the season and the expected CPUE in the remaining 

weeks. The purpose of this measure is capture the relative scarcity of quota and how it affects the 

fishery and location choices of vessels throughout the season. 

 Figure 45 through Figure 50 display the average weekly weighted time, average weekly 

CPUE, remaining quota share, and quota speed for each of the six target species and halibut. 

Weighted time is plotted against a declining 45° line which represents unweighted remaining 

time in a season. When weighted time lies below the 45° line, it indicates that CPUE is relatively 

                                                
26 We went through multiple iterations for choosing distributional families for specific species. This is still an active 
area of research as some species—in particular, Pacific cod and flathead sole—have very poor model fits, with 
predicted outliers that wreak havoc for our simulation model.  
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lower in future weeks. Conversely, when weighted time lies above the 45° line, it indicates that 

CPUE is relatively higher in future weeks. Species such as flathead sole, Pacific ocean perch, 

and halibut consistently sit above the 45° line, indicating relatively higher CPUEs in the later 

parts of the year, whereas rock sole consistently sits below the 45° line, indicating relatively 

higher CPUEs in the early parts of the year. Yellowfin sole has relatively high CPUE in the early 

and later parts of the year, and lower CPUE in the middle, creating a weighted time that sits 

above and below the 45° line during different parts of the season. Average CPUE for both 

Pacific cod and flathead sole fluctuate considerably throughout the year, which is largely due to 

large outliers in the predicted CPUE distributions for these species. 

 The graphs of remaining quota and quota share demonstrate the different measurements 

these two variables provide. The share of remaining quota necessarily decreases over the year as 

vessel’s accumulate catch against their quota, assuming that a company’s total quota stays 

constant throughout the year. In contrast, quota speed may either increase or decrease throughout 

the year, depending on how much quota is left relative to the weighted remaining time in the 

season. For example, quota share for rock sole decreases rapidly at the beginning of the year, and 

quota speed initially tends to decrease (Figure 45). However, since rock sole CPUE is relatively 

low in the later parts of the year, rock sole CPUE tends to increase so that quota is relatively 

abundant at the end of the year. In contrast, while Pacific cod quota is used steadily throughout 

the year, quota speed tends to decrease sharply at the end of the year, indicating relative scarcity 

for Pacific cod quota (Figure 47). In general, vessels in the A80 fleet tend to have relatively 

abundant quota for rock sole, yellowfin sole, and flathead sole, and relatively scarce quota for 

POP and Pacific cod. 

6.2. Empirical model: Estimation and Results 

We estimated multiple versions of the empirical model, which vary by the inclusion of certain 

variables in the indirect utility function. We also estimated the model using different definitions 

for expected catch and revenue (see discussion in Section 5.3.6) and quota usage (see discussion 

in Section 5.3.7). For the “final” model, we estimated the parameters of the indirect utility 

function in equation (8), with the following modifications: 

• The indirect utility function for the “no fishing” métier consisted of a constant, and the 

variables Dayslw (number of “no fishing” days last week) and Daysly (number of “no 

fishing” days in the same week last year). 
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• CPUE and quota speed variables were excluded from the indirect utility functions for the 

GOA fisheries since catch does not accumulate against individual or cooperative quotas 

in GOA fisheries. 

• A dummy variable indicating eligibility for the GOA Cooperative Rockfish Program was 

included in the indirect utility function for the GOA Rockfish métiers. 

• A dummy variable indicating whether the HLAs were open or closed to Atka mackerel 

and Pacific cod fishing were included in the indirect utility functions for the AI Atka 

mackerel and Pacific cod fisheries. 

Estimation results for six different models are presented in Table 8.27 All variables were 

normalized by their sample mean so that the estimated coefficients are of the same scale.28 The 

six models we present here are: 

• Model 1—uses alternative-specific constants only. 

• Model 2—uses expected revenue only, without alternative-specific constants or quotas. 

• Model 3—uses expected revenue only, with alternative-specific constants but without 

quotas. 

• Model 4—uses expected revenue and all “state dependent” variables, with alternative-

specific constants but without quotas. 

• Model 5—uses expected revenue without “state dependent” variables, with alternative-

specific constants and quotas. 

• Model 6 (the “final” model)—uses expected revenue with “state dependent” variables, 

alternative-specific constants, and quotas. 

Expected revenue has the anticipated positive sign, except for in the model that does not include 

métier-specific constants.29 The variables Dayslw and Daysly are both positive and significant, 

indicating that there is some degree of habit persistence amongst the fleet, with greater emphasis 
                                                
27 Note that the estimation results are for an alternative-specific multinomial logit, as opposed to a nested logit (as 
presented in Section 5.1), because we have not been successful thus far in getting the nested logit model to 
converge. Thus, the results in Table 8 can be interpreted as the estimated coefficients from a nested logit model with 
the log-sum coefficients constrained to one. 
28 For the sake of simplicity, we only present the estimation results for models that use: i) CPUE distributions to 
compute expected catch and revenues, and ii) quota speed to approximate the shadow cost of quota. While using the 
other definitions for expected catch and revenue and quota usage change the magnitude of the estimation results 
slightly, the results are qualitatively consistent, in terms of the signs of the coefficients. 
29 Recall that the métier-specific constants capture unobservable location- and fishery-specific attributes, so if 
expected revenue is positively correlated with unattractive features of a métier (e.g. a large distance is required to 
get there), then expected revenue will also pick this up.  
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being placed on more recent decisions (i.e. Dayslw) than decisions made last year. The previous 

week’s fleet-wide effort has a positive effect on métier choice, although it declines in importance 

as métier-specific constants and quota are included in the model. Missing information (i.e. no 

vessels participated in a particular métier in the previous week or in the same week last year) had 

a negative effect on métier choice. Being eligible to fish in the HLAs had a positive effect on 

choosing Atka- and cod-related métiers in the AI (for the years 2008-2010) and participating in 

the Central GOA Rockfish Program had a positive influence on choosing the Central GOA 

fishing areas (not shown). 

 We use McFadden’s pseudo-R2—which measures how well the model fits the data 

relative to no model at all—as a goodness-of-fit measurement. The pseudo-R2 lies between 0 and 

1, where an outcome of 0 indicates that the estimated model does no better (in terms of the 

likelihood function) than no model at all, while an outcome of 1 indicates that the model 

perfectly predicts the métier choices of vessels. The full model (Model 6) has a pseudo-R2 of 

0.498, which is fairly large for a discrete choice model, and is within range of other fishery 

discrete choice investigations (e.g., Holland and Sutinen, 1999;  Andersen et al., 2011).30  

 Table 8 shows that the inclusion of métier-specific constants only explains a large portion 

of the variation in the data (pseudo-R2 = 0.344 in Model 1) while expected revenue alone does a 

relatively poor job (pseudo-R2 = 0.025 in Model 2). The inclusion of the “state dependent” 

variables in Model 4 increases the explanatory power of the model significantly (pseudo-R2 = 

0.488), which is consistent with findings from other fishery discrete choice investigations (e.g., 

Holland and Sutinen, 1999;  Marchal, 2008;  Andersen et al., 2011). Including the quota usage 

and expected catch variables only marginally improves the explanatory power of the model 

(pseudo-R2 = 0.498 in Model 6). Indeed, removing the state dependent variables while keeping 

quota and expected catch variables in the model results in a pseudo-R2 that is only slightly better 

than a model with only métier-specific constants (pseudo-R2 = 0.375 in Model 5). Despite the 

minimal incremental increase in the pseudo-R2 from adding the quota interaction terms (i.e., 

going from Model 4 to Model 6), a likelihood ratio test of the joint significance of all quota 

interactions terms is easily rejected.  

 The parameter estimates for expected catch and quota speed variables (equation (12)) 

from the final model are presented in Table 9. For each species, the constant represents a vessel’s 
                                                
30 Even without the inclusion of the métier-specific constants, the pseudo-R2 for the full model is equal to 0.4358. 
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overall targeting or avoidance behavior for a particular species when quota usage is in balance. 

Many of the estimated constants have the expected sign: positive for species such as rock sole, 

yellowfin sole, flathead sole, Atka mackerel, and Pacific ocean perch; negative for Pacific cod 

and halibut.31  

The coefficient on qspeed represents a vessel’s targeting or avoidance behavior in 

response to relative abundance or scarcity of quota. We would expect that as quota becomes 

more scarce (i.e. as qspeed becomes negative), a vessel will be more likely to avoid an area with 

high expected catch. In contrast, we would expect that as quota becomes more abundant (i.e. as 

qspeed becomes positive), a vessel will be more likely to visit an area with high expected catch. 

Thus, we would expect the coefficient on qspeed to be positive. Indeed, this is true for most 

species in Table 9, with the exception of Pacific cod and flathead sole (the coefficient for qspeed 

on halibut is positive but it is not statistically significant). There are two reasons to be suspect of 

the negative signs on qspeed for these two species. First, as can be seen in Figure 48, the variable 

qspeed for flathead sole is never below zero—i.e., quota is never scarce for flathead sole. Thus, 

there is very little variation in flathead sole qspeed to identify the effect of quota scarcity on 

avoidance behavior. In fact, for the range of flathead sole qspeed that we observe in the data, the 

overall effect of expected catch is actually negative, which is likely due to the fact that flathead 

role is relatively less targeted compared to other flatfish species. Second, as is apparent in Figure 

47, there exist large outliers in the predicted values for Pacific cod CPUE, which likely affect 

both the calculation of qspeed and the estimation of its associated parameters in the métier 

choice model. As will be seen, the combined effects of the negative sign on qspeed for Pacific 

cod and the large outliers in Pacific cod CPUE wreak havoc for our simulation results.  

6.2.1. Predictive Power 

We use a combination of in- and out-of-sample predictions to assess the model’s ability to 

predict the allocation fishing effort across métiers over the course of a year. Further, we 

investigate two different types of out-of-sample predictions in order to assure that our model is 

not over-fitting the data and to assess the degree to which our model can predict fishing effort for 
                                                
31 The NPFMC also implemented Amendment 85 concurrently with A80, with the purpose of allocating the TAC of 
BSAI Pacific cod across competing gears and sectors. Under this rule, the A80 sector received 13.4% of the TAC, 
which is considerably lower than the historical harvest share of the A80 sector. This has caused many within the 
A80 sector to substantially reduce their targeting of cod. In many cases this concern has risen to the point that many 
vessels now claim to avoid targeting Pacific cod, even actively avoiding it as bycatch (Abbott, Haynie and Reimer, 
2015). 
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a year not included in the estimation sample. For the first type of out-of-sample prediction, we 

randomly select 25% of the unique vessel-year-week observations for estimation purposes and 

then predict fishing effort using the “75% hold-out” sample. In this case, the hold-out sample 

should be a good representation of the estimation sample (since it is randomly selected) so that 

poor out-of-sample predictions may be indicative of over-fitting the model to the estimation 

sample. For the second type of out-of-sample prediction, we keep all observations from 2008-

2012 for estimation purposes and then predict fishing effort using vessel-year-week observations 

from 2013. In this case, poor out-of-sample predictions lower our confidence that the model has 

the capability of producing accurate prospective policy evaluations—i.e. predicting fishing effort 

for scenarios (or years) that have not yet occurred. 

 The predicted number of fishing days by region and fishery are computed using the 

predicted probabilities from the métier choice model using equation (7). The in-sample 

predictions for the number of fishing days per week for the Bering Sea, Aleutian Islands, and the 

Gulf of Alaska (Figure 51) track the actual number of fishing days per week fairly well for the 

year 2013. The model overpredicts summertime effort in the Bering Sea and correspondingly 

underpredicts summertime effort in the Gulf of Alaska. Further, the model overpredicts non-

fishing and fishing effort in the Aleutian Islands at the end of the year, and correspondingly 

underpredicts fishing effort in the Bering Sea. The model also does well at predicting the total 

number of fishing days in each fishery for the year 2013 (Figure 52) and tends to be less accurate 

for fisheries with infrequent participation (e.g. turbot fisheries). 

Figure 53 and Figure 54 show the out-of-sample predictions for the number of fishing 

days per week using the “75% hold-out” sample, thereby demonstrating the out-of-sample 

predictive capability of the model.32 Figure 53 shows that the model predictions track the actual 

weekly time series of effort in each region fairly accurately for 2013, while Figure 54 shows that 

model also does quite well at predicting the total number of fishing days across fisheries. 

Overall, the accuracy of the out-of-sample predictions provides evidence that the accurate in-

sample predictions in Figure 52 and Figure 53 are not simply due to over-fitting the model. 

Model predictions using the “2013 hold-out” sample (Figure 55 and Figure 56) also provides 

evidence that the model has decent out-of-sample properties. Specifically, the model that uses 

                                                
32 Note that the actual number of fishing days in Figure 53 and Figure 54 will differ from those in Figure 51 and 
Figure 52 because we are only using 75% of the fishing observations to predict fishing effort. 
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only the years 2008-2012 for estimation purposes still provides fairly accurate fishing effort 

prediction for the year 2013. The accuracy of the latter out-of-sample predictions give us some 

confidence for simulating effort for scenarios (or years) that have not yet occurred, as long as the 

management scenarios are not drastically different from the management regimes that have 

existed during the years in which the data was generated. 

6.2.2. Predicting and Calibrating Catch 

Given the predicted number of fishing days   Êijkt , we can form a prediction of the expected value 

of catch of species s at location j in fishery k in week t by vessel i: 

   
Ĉisjkt = qis × Êijkt × CPUEsjkt ,   (14) 

where CPUEsjkt is a fishery- and location-specific estimate of abundance and qis is a vessel- and 

species-specific scaling (or catchability) coefficient. Summing predicted catch over all vessels, 

areas, fisheries, and weeks gives us a prediction of annual catch of species s for a given 

distribution of fishing effort across fisheries, areas, and weeks. Further, using predicted catch 

  Ĉisjkt , we can then track the estimated evolution of remaining quota   Q̂uotaist  over the course of 

the year:  

 
  
Q̂uotais,t+1 = Q̂uotaist − Ĉisjkt

j=1

Jk

∑
k=1

K

∑ ,   

which will come in handy for the simulation exercise.  

We can choose the catchability coefficient qis to calibrate the predicted catch to the 

annual catch (Smith and Wilen, 2003;  Train, 2009). If our predicted CPUE distributions are 

accurate, then predicted catch   Ĉisjkt  using actual observed fishing days Eijkt with predicted CPUE 

should be relatively similar to observed catch. The normalized difference between actual annual 

catch and predicted annual catch using actual fishing days can be seen in Figure 57. For some 

species—namely, rock sole, yellowfin sole, halibut, Pacific cod, and to some degree flathead 

sole—predicted and actual annual catch are fairly similar. For other species, such as arrowtooth 

flounder, Atka mackerel, and Pacific ocean perch, predicted catch is consistently larger than 

actual catch, with a considerably amount of variation. Thus, calibrating the model so that 

predicted catch is as close as possible to observed catch provides an opportunity to anchor the 

empirical model to the actual observed annual outcomes from the fishery. 

To calibrate the model, we first combine a vessel’s actual number of fishing days Eijkt 
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with the estimated abundance CPUEsjkt to compute an estimate of a vessel’s annual catch for 

each species. Each scaling coefficient is subsequently chosen to minimize the distance between a 

vessel’s predicted annual harvest and their actual harvest for each species. A vessel’s expected 

annual catch for each species can then be computed using the predicted number of fishing days 

using equation (14) and aggregating over a year. Figure 58 shows the results of the calibration 

exercise, where the green bars represent the ratio of calibrated annual catch to actual annual 

catch and the orange bars represent the ratio of predicted annual catch to actual annual catch.33 

Calibrated catch sits relatively close to actual catch for most species and years, with the 

exception of pollock and flathead sole. In contrast, predicted catch tends to differ somewhat from 

actual catch, particularly for arrowtooth flounder, Atka mackerel, flathead sole, and POP.  

6.3. Simulation Exercise 

Our ultimate goal is to use the estimated probabilities from the empirical location- and fishery-

choice model to conduct policy simulations that investigate the economic and biological impacts 

of alternative policy scenarios. The basic outline of the simulation model was discussed in 

Section 5.2 and can be seen in Figure 10. The ultimate difference between predictions from the 

empirical model and outputs from simulation exercise is that model predictions use observed 

variables—including remaining quota—to compute predicted values, while the simulation 

exercise must be capable of computing predicted outcomes using variables that have not yet 

occurred. Thus, the simulation model includes an additional process of populating and updating 

the variables used to compute predictions, starting from a set of initial conditions at the 

beginning of the year. 

We estimate the empirical model using data from the years 2008-2012. We use the 

estimated parameters and métier-choice probabilities to simulate the year 2013, using the initial 

values from the first week of the year—in terms of starting quotas and state-dependent variables. 

We conduct 100 simulations of the empirical model and compare the distribution of the 

simulation results to the actual fishery outcomes from 2013. This provides a mechanism for 

validating the accuracy of the simulation model before evaluating new policies that have not yet 

occurred.  

                                                
33 Calibrated catch is computed with actual (as opposed to predicted) fishing days. The scaling parameters are 
chosen so that the annual calibrated catch is as close as possible (using Euclidian distance) to the actual annual 
catch. 
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Simulation results for weekly effort, annual effort, and annual catch are presented in 

Figure 59, Figure 60, and Figure 61 respectively. Clearly, the simulation results do not perform 

well. While the median number of fishing days tracks the actual number of fishing days for 2013 

fairly well at the beginning of the year, there is a sharp departure after the first 10 weeks of the 

season (Figure 59). In particular, there is a sharp upturn in the number of days not fishing after 

week 10, and a decrease in all other fisheries. The end result is far fewer fishing days in each 

fishery at the annual level (Figure 60) and less catch for each species (Figure 61).  

Figure 62 provides a partial explanation for the poor performance of the simulation 

output. Around week 10, there is a sharp increase in the proportion of métiers that are closed due 

to one or more binding quotas.34 Indeed, at the median, nearly 30% of all métiers are closed by 

week 16, and over 40% by week 28. This explains why there is such a sharp decrease in the 

number of fishing days in the Bering Sea starting in week 10. In contrast, in actuality, there were 

no binding quotas for the A80 fleet in 2013. 

There are at least two culprits that lie behind the binding quota phenomenon. First, large 

outliers in the predicted distributions of CPUE push vessels over or near their quota limit early in 

the season. Pacific cod and flathead sole are largely responsible for the binding quotas starting in 

week 10 (Figure 63) due to excessively large catches that occur early in the season (Figure 64).35 

These large catches arise from large outliers in the predicted distributions of CPUE for these 

species, as can be seen in Figure 47 and Figure 48. Second, the negative sign for the coefficient 

on qspeed in the empirical model for Pacific cod and flathead sole (see Section 6.2) has the effect 

of attracting vessels to métiers with high expected catch of Pacific cod and flathead sole when 

quota is scarce, as opposed to deterring vessels. Thus, after the occurrence of large catches of 

Pacific cod and flathead sole, vessels are further attracted to catching these species, further 

pushing vessels to their quota limits, and ultimately closing métiers to fishing. 

Given the good in- and out-of-sample predictions of the empirical fleet model, it is our 

belief that the model does a good job of predicting effort, as long as the inputs that enter into the 

model are measured with reasonable accuracy. Thus, we believe that the root of the problem lies 

                                                
34 Recall from the discussion in Section 5.2 that the simulation closes all métiers in which expected catch is larger 
than remaining quota. 
35 Atka mackerel and Pacific ocean perch are, to a lesser extent, also responsible for binding quota; however, the 
binding nature of these quotas arises from the few vessels that have very little quota for these species at the 
beginning of the year. 
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in the estimation and prediction of CPUE distributions. We are actively working on solving this 

problem and attempting new ways to estimate and predict CPUE for these species so that they 

are less sensitive to outliers.  

7. Application to the AFA Offshore Fleet 
In this section, we apply the methods developed in the Section 5 to the AFA Offshore fleet. To 

illustrate how the model can be used to evaluate alternative policies, we use the model to 

simulate the effects of opening the directed pollock fishery B-season two weeks earlier, which 

was a policy alternative under consideration by the NPFMC as an option for reducing Chinook 

salmon bycatch. Conducting the policy simulation first requires estimating the empirical fleet 

model, validating our empirical results and predictions with actual realized outcomes from the 

AFA Offshore fleet, and simulating fleet outcomes to “recreate” history, in order to see  how 

well the model performs for describing fleet behavior observed in the past. 

 It is useful to characterize the key seasonal dynamics of the main fisheries for the AFA 

Offshore fleet in order to develop an intuition about how we implement the empirical model. The 

main target species in the Bering Sea for the AFA Offshore fleet is pollock. Figure 65 and Figure 

66 display monthly product mix and pollock price, respectively. While the average annual price 

of each pollock product is available in the economic SAFE report (Fissel et al., 2014), the price 

variation within a year or a season is not available. Based on discussion s with key industry 

personnel, the wholesale value recovered from a kilo of landed pollock varies widely within a 

season, driven by the value of roe whose amount and quality varies though the A season. Based 

on the timing of these markets, we use industry expert advice to decompose annual production 

quantities into monthly product compositions (Figure 65). We multiple the annual price by the 

constructed product mix to obtain an estimate of the monthly pollock price, capturing differences 

in the desirability of fishing pollock at different times of year based on the value of products that 

can be recovered in each month (Figure 66). The general trend is that the high price in January is 

due to the higher percentage of roe, which gradually decreases until spring. In other times of 

year, the price variation is small because the fleetwide ratio of fillets and surimi is relatively 

constant and the prices of the at-sea processed products similar.  

While the main target species for the AFA Offshore fleet is pollock,  the fleet also 

catches non-trivial amounts of yellowfin sole, in addition to bycatch species—namely prohibited 

Chinook salmon and monitored, but not yet prohibited, other salmons, primarily chum (i.e. non-
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Chinook). Figure 67 through Figure 70 present empirical averages for weekly CPUE for pollock, 

Chinook salmon, non-Chinook salmon, and yellowfin sole, respectively, where CPUE is defined 

is kilogram per hauls for Pollock and yellowfin sole and number of fish per haul for Chinook and 

non-Chinook salmon. The scatter plots show individual weekly observations, and the line 

represents the non-linear smoothing curve to show the trend in CPUE. 

 Pollock CPUE clearly increases throughout the roe-driven A season, and initially 

increases, peaks and then decreases in the B season. While the relatively lower CPUE in the 

beginning of the A season may be offset by the higher, we expect that lower CPUE in the end of 

B season would reduce the harvesters’ incentive to target pollock. Unlike pollock CPUE, 

Chinook salmon CPUE is high during the A season, rapidly declining at the end. In the B season, 

Chinook PSC catch is negligible at the beginning of the season, but increases toward the end of 

the season, eventually becoming quite large (Figure 68). With this trend, in particular in the B 

season, it is likely that harvesters will avoid targeting pollock when Chinook CPUE is high, 

particularly for year after implementation of Amendment 91 in 2011.  

 Non-Chinook CPUE is negligible in the A season, but it is relatively stable in the B 

season (Figure 69). Unlike Chinook salmon, catch of non-Chinook salmon is not regulated by 

annual PSC limits. The NPFMC has previously considered opening the B season earlier to allow 

pollock harvesters to catch their quotas in times of low Chinook prevalence, without 

meaningfully changing the catch of non-Chinook salmon.36  We investigate this possibility with 

a policy simulation at the end of this section. 

7.1. Implementation of the Empirical Model 
We model the effort decisions of the AFA Offshore fleet and estimate the model using 

the North Pacific Groundfish Observer Program (NPGOP) for the years 2005-2013 (Appendix 

B). The data consists of week-vessel level observations of the fleet of 21 vessels, when they are 

in Alaskan waters.  Weekly variables for each vessel include number of hauls, average duration, 

gear setting, and amounts of target, prohibited species catch, and bycatch species harvested. 

7.1.1. Métier definition  
The fisheries in which AFA Offshore vessels participate can be divided into two broad 

categories: i) the Alaska region, which is dominated by pelagic trawling for pollock; ii) the West 

                                                
36 See the Bering Sea Chinook and Chum Bycatch Discussion Paper (NPFMC, June 2014). 
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Coast region, which is dominated by trawling for Pacific Hake. Generally speaking, the vessels 

in the AFA Offshore fleet, along with their production lines, are designed around the their 

pollock operations, and they plan their year to catch their pollock quota, filling in with other 

fisheries as they can. As discussed in Section 2.2, the AFA Offshore fleet is restricted in its 

ability to engage in directed fishing for non-pollock groundfish species in the Alaska region in 

the following three ways: i) apportionment of TACs; ii) directed fishery closures; and iii) 

sideboards. For example, the TACs for rock sole and flathead sole are fully allocated between 

the A80 fleet, CDQ groups, and an ICA. In recent years, the ICA for these two species has been 

closed to directed fishing for non-A80 vessels, and thus, the AFA Offshore fleet cannot 

participate in these fisheries. In contrast, AFA trawl CPs receive a relatively small apportionment 

of the Pacific cod TAC, and can therefore participate in the this fishery. As another example, 

AFA Offshore vessels can participate in the BSAI trawl limited access sector for yellowfin sole, 

Atka mackerel, and Pacific ocean perch fisheries; however, they are restricted in their ability to 

participate in these fisheries by a sideboard limit. In years when the yellowfin sole TAC is 

particularly large (>125,000mt), however, the sideboard for yellowfin sole is not implemented. 

Unlike our application for the A80 fleet, data limitations restrict our ability to model the 

full choice set for the AFA Offshore fleet. In particular, our data is limited to fishing effort in the 

Bering Sea, and therefore does not cover any effort conducted by the AFA Offshore fleet in the 

Aleutian Islands or outside of the North Pacific (e.g. West Coast fisheries). Thus, vessels are 

unobserved during many weeks: the vessel may be docking for maintenance, or operating in 

fisheries outside of Alaska. Given limited data on the activities outside of the Bering Sea, we do 

not distinguish between them, and instead define the catcher-processors’ choice set by two stage 

1 alternatives (Alaska and “outside of Alaska) and two stage 2 alternatives under the Alaska 

branch (pollock and yellowfin sole). We model effort as allocating an entire week to a region and 

fishery, as opposed to the number of days in a week for the A80 fleet. The total number of 

vessels operating Pacific Hake fishery (not just AFA vessels) is used as a proxy of attractiveness 

of Pacific Hake fishery, and thus it is treated as an attribute of  the “outside of Alaska” 

alternative.  

The weekly number of vessels targeting pollock for the years 2005 to 2013 are presented 

in Figure 71.  Most vessels target pollock during the early portion of the A season finish fishing 

A-season quota by mid-April. Most vessel also fish during the middle portion of the B season; 
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however, vessels gradually enter and exit during the early and later portions of the B season, with 

the exception of 2011 when harvesters remained targeting pollock until the very end of the B 

season. This behavior is somewhat counterintuitive since 2011 is the first year in which PSC 

limits under Amendment 91 were enforced, which should have given harvesters more incentive 

to avoid the high Chinook salmon catch rates in the end of the B season. There are a number of 

reasons why this phenomenon may have occurred. First, 2011 was the first year of Amendment 

91, and it can be seen as an adjustment period. In particular, they may have experimented with 

gear deployments that avoided Chinook salmon earlier in the season, leaving them with more 

pollock quota remaining in the late B season than in the past. Second, this might have been 

compounded due to an abundance of small pollock from the 2008 year class. Finally, the pollock 

TAC was considerably bigger in 2011 than it had been in the previous 3 years (Figure 3).  

Figure 72 separates pre- and post-Amendment 91 (A91) pollock and yellowfin sole 

targeting decisions to investigate whether A91 had any affect on targeting decisions. The 

overarching feature is the shift of timing in pollock fisheries—namely, the participation in 

pollock shifts towards later in the A season, with vessels instead targeting yellowfin sole very 

early in the year. On the other hand, the vessels after A91 tend to target pollock earlier in the B 

season than pre-A91.  

7.1.2. Expected catch and revenue 

Weekly expected catches are computed by taking average of weekly data for the three years prior 

to the year of the observation. This is based on an assumption that vessels form an expectation 

using the information from the previous years (see Section 5.3.6). Weekly expected revenue is 

calculated by multiplying expected catch with the current price. It is assumed that the current 

price information is available for the decision makers. We also compute the expected Chinook-

Pollock ratio as part of the shadow cost of quota, which is an average value of Chinook-Pollock 

ratio (number to metric tonnage) in prior three years of the week. 

7.1.3. State dependent variables 

As discussed in Section 5.1.2, a vessel’s decisions in one week may depend on what their 

decisions were in the previous week (i.e. state dependence). In particular, there may be 

persistence in a vessel’s targeting behavior. We presume there is some form of cost to switch 

from one fishery to another, and we include a dummy variable that is one if the choice of a week 

is different from the choice the previous week. The expected sign of the coefficient on this 
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dummy variable is negative if it is costly to switch fisheries. 

7.1.4. Tracking quota usage 

In order to track quota utilization, we calculate the quota held by each vessel and remaining 

quota left during the season. The quota held by each vessel within the cooperative is unobserved, 

and can be moved freely through the year between vessels within a cooperative. Thus, we 

construct a measure of quota by assuming that the pollock quota is binding for every vessel and 

every season, and use each vessel’s total catch in each season as a proxy for their total pollock 

quota allocation.  

Similarly, we also calculate the PSC limit of Chinook salmon for each vessel. The PSC limit 

is set for the fleet, and allocated by the cooperatives within the fleet. Loosely speaking, PSC is 

regarded as “Chinook quota” although it is not quota in a strict sense because Chinook is always 

to be avoided at the margin. According to the Chinook Salmon Bycatch Reduction Incentive 

Plan annual report (Madsen and Haflinger, 2013), the PSC limit is allocated proportional to the 

pollock quota held. We use the number from the report.  The proportion of number of Chinook to 

pollock quota is 0.06 (number/MT) for the A season and 0.01 for the B season.  

7.1.5. Weighted time and quota speed 
As discussed in Section 5.3.7, species-specific CPUE distributions are combined with quota 

usage to form a measure of how much quota is remaining for a particular vessel relative to the 

amount of time remaining in the season and the expected CPUE in the remaining weeks. The 

purpose of this measure is capture the relative scarcity of quota and how it affects the fishery and 

location choices of vessels throughout the season. 

 We compute quota speed for both pollock and Chinook salmon using the expected CPUE 

and quota usage described in Sections 7.1.2 and 7.1.4. Note the for the AFA fleet, we define 

quota speed slightly differently from the specification presented in equation (11). Specifically, 

we define quota speed for the AFA fleet as: 

 

If the value is negative, quota is being used too slowly relative to the benchmark pace. If the 

value is positive, the quota has been used more quickly than the benchmark pace. We expect the 

coefficient on this variable is negative, because harvesters will slow their quota use if the quota 

usage is too fast. 

SpeedQuotat =1−
%QuotaLeftt

%WeightTimeLeftt
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7.2. Empirical model: Estimation and Results 
We specify a different indirect utility function for each métier, which are all slight 

adaptations from the utility function in equation (8). Specifically, we model the indirect utility 

functions for the AFA Offshore fleet as:  

Uiyw
P = α P + β1ExpReviyw + β2ExpChinPollRatioiyw + β3SpeedQuotaPolliyw + β4SpeedQuotaChiniyw +

β5SwitchCost + β6A91iyw + β7A91iyw × SpeedQuotaChiniyw + β8A91iyw × ExpChinPollRatioiyw +

ηw
PDWw +

w

∑ κ i
PDVi +ε iyw

P

i

∑  

Uiyw
Y = αY + β1ExpReviyw + β5SwitchCostiyw +ε iyw

Y

 

Uiyw
O = αO +δNumVesselHakeiyw + β5SwitchCostiyw + ηw

ODWw +
w

∑ κ i
ODVi +ε iyw

O

i

∑  

The superscript on each utility represents the target species: P for Pollock, Y for yellowfin sole, 

and O for “outside Alaska”. The term ExpRev represents the expected revenue for the pollock 

and yellowfin sole fisheries. The term ExpChinPollRatio denotes the ratio of the expected catch 

of pollock to Chinook salmon. The terms SpeedQuotaPoll and SpeedQuotaChin denote the quota 

speed for pollock and Chinook salmon, respectively. Since pollock or Chinook salmon quota are 

not utilized in the yellowfin fishery or outside of Alaska, these terms or not included in the utility 

functions for these alternatives. The term Switchcost denotes a vessel’s switching cost, which is 

represented by a dummy variable indicating whether last week’s choice is different from this 

week’s. We also include a set of weekly dummy variables (DW) to account for alternative-

specific unobserved temporal effects and vessel dummy variables (DV) alternative-specific 

unobserved vessel fixed effects.37 A dummy variable for A91 is also included in the pollock 

fishery utility function to account for any differences in Chinook salmon avoidance behavior as a 

result of A91. The A91 dummy is interacted with the expected Chinook-Pollock ratio and 

Chinook salmon quota speed. While the detailed vessel-level data on Pacific Hake targeting is 

not available, we include the monthly total number of vessels targeting Pacific Hake 

(NumVesselHake) as a proxy for the productivity of Hake fishing. 

                                                
37 The parameters associated with week- and vessel-specific dummy variables in the pollock and “outside of Alaska” 
alternatives are measured relative to  dummy variables in the yellowfin sole fishery, which are assumed to be zero 
for identification purposes. 
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 We estimate four model specifications, using different combinations of fixed effects and 

included groups of explanatory variables: 

• Model 1—uses all explanatory variables but omits the week- and vessel-specific fixed 

effects. This specification shows how much of the decision making process is explained 

by only observable variables. 

• Model 2—includes only week- and vessel-fixed effects and alternative-specific 

intercepts, to identify a benchmark for how much variation is explained by temporally 

and unit-specific means, rather than the static and dynamic explanatory variables we 

conjecture matter. 

• Model 3—includes all explanatory variables and fixed effects, but omits the unusual 

behavior witnessed in the year 2011. As discussed in Section 7, the pattern of 

participation in the pollock fishery is out of the ordinary. We capture this with a 2011 

dummy variable, and interactions with bycatch variables. 

• Model 4—includes all explanatory variables, fixed effects, and years. We refer to this 

model as the “full” model. 

As in the A80 application, we use McFadden’s pseudo R-squared—which measures how well 

the model fits the data relative to no model at all—as a goodness-of-fit measurement. Table 10 

(A season) and Table 11 (B season) show the estimated coefficients for the choice of target 

fishery for all models estimated, including the pseudo R-squared and log likelihood.38 For the A 

season, Model 1 explains considerably more variation than the fixed-effects-only model (Model 

2), according to the pseudo R-squared. This suggests that the key factors we specified play large 

roles in the decision-making process, rather than just seasonality. In the full model (Model 4), the 

coefficients on A91 interactions are different in magnitude and signs from those in the Model 3. 

In addition, the interaction of year 2011 dummy and key variables are significant. Given this 

result, it is statistically confirmed that the year 2011 is peculiar. The relative performances of the 

four models are comparable for the B season, although the significances of some coefficients are 

different. 

 For the A season (Table 10), most of the signs of the coefficients are as expected. 

Expected revenue is a significant and positive driver. The coefficient on quota speed for pollock 

                                                
38 We estimate the A and B season separately because different factors limit behavior during each sub-season. 
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is significant and negative, suggesting that harvesters do approach their quota use as a dynamic 

problem; it is negative because if the quota use is too fast relative to harvesting opportunities (i.e. 

quota speed is positive), we expect that the harvesters are less likely to choose Pollock in order to 

slow down the quota use, thereby catching pollock when it is more abundant later in the season. 

The negative and significant coefficient on switching cost explains the persistence in a target 

because it is costly to switch the target. Because A91 variables are not significant, the increase in 

the participation in yellowfin sole in the beginning of the A season after A91 may be explained 

by relative expected revenue of yellowfin sole to pollock rather than the policy effect of A91. In 

the A season, Amendment 91 does not seem to have been a driver of participation, as its dummy 

and its interactions are not significant. They are also only borderline significant jointly (p-value 

= 0.089). In general, we expect that Amendment 91 reduces the incentive to participate in the 

pollock fishery because Chinook salmon catch incurs PSC costs. This is reflected in the negative 

and significant coefficient on the expected Chinook-Pollock ratio. We interpret this result as 

suggesting the harvesters had been avoiding Chinook bycatch even before the A91—either 

experimenting with new avoidance methods or demonstrating efforts to minimize impacts in 

advance of a Council requirement—and they do not compound their A season avoidance 

behavior in a response to A91.  

 For the B season (Table 2), the signs of the coefficients in the full model are similar to 

those for the A season, but the magnitudes and significances are different. First, the coefficient 

on expected revenue is not significant, while it is significant for Speed of Quota. This reflects 

that the pace of quota use is important, but the variation in expected revenue does not explain 

fishery choice because revenue opportunities do not vary much during the B season, as compared 

to the roe-driven fluctuations in the A season. The coefficient on the expected Chinook Pollock 

ratio is negative and significant, and the magnitude is large after Amendment 91. This is 

consistent with vessels reducing their targeting of Pollock in the later periods in the B season, 

when the Chinook catch rate is high. In sum, the contemporaneous effects are large for the 

avoidance of prohibited Chinook catch, while the dynamic effects of quota dominate for Pollock 

catch. The interaction of A91 and the expected Chinook-Pollock ratio is significant and the 

magnitude is large. This implies that the avoidance behavior is reinforced after the A91 is 

implemented, though its insignificance in Model 3 may be ascribed to the unusual behavior in 

2011 that is not captured in that model. As we see in Figure 68, Chinook CPUE is high in the 
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later B season. It is consistent with the fact that the participation in Pollock decreases in the end 

of the B season. We conclude that, since A91, this choice is affected primarily by the bycatch 

avoidance and not target Pollock in the end of the B season.  

7.2.1. Predictive Power 
We use the full model with the estimated coefficients to make predictions about fishery choice, 

in order to evaluate counterfactual policy scenarios. Specifically, we predict the weekly number 

of vessels targeting pollock using the estimated probabilities in equation (7) and aggregating 

across all vessels for a week. We use a combination of in- and out-of-sample predictions to 

assess the model’s ability to predict the allocation fishing effort across fisheries over the course 

of a year. For the out-of-sample prediction, we re-estimate the model excluding data from the 

year 2013—the most recent year—from the estimation sample, and use the resulting coefficients 

to predict the number of vessels targeting Pollock in year 2013, using the actual observed quota 

balances from 2013.  

The in-sample predictions for the number of vessels per week in the pollock fishery do 

quite well at capturing the trend in which there are a low number in the beginning of each 

season, and gradual reduction in the end of the B season (Figure 73). In addition, the out-of-

sample predictions nearly fit the actual observed participation pattern as well as the in-sample 

predictions (Figure 74). The accuracy of the out-of-sample predictions provides some evidence 

that the accurate in-sample predictions are not simply due to overfitting the model. However, the 

accurate out-of-sample predictions could also be the result of year-to-year persistence in 

participation patterns. 

7.3. Simulation Exercise 

Our ultimate goal is to use the estimated probabilities from the empirical fleet model to conduct 

policy simulations that investigate the impacts of alternative policy scenarios. The basic outline 

of the simulation model was discussed in Section 5.2 and can be seen in Figure 10. The ultimate 

difference between predictions from the empirical model and outputs from simulation exercise is 

that model predictions use observed variables—including remaining quota—to compute 

predicted values, while the simulation exercise must be capable of computing predicted 

outcomes using variables that are endogenously determined and have not yet occurred. Thus, the 

simulation model includes an additional process of populating and updating the variables used to 

compute predictions (primarily quota usage), starting from a set of initial conditions at the 
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beginning of the year. 

 We simulate the amount of catch of each species using a fixed effects model that 

estimates weekly catch as a function of week and year dummy interactions and individual vessel 

fixed effects. Rather than drawing fishery choices from the multinomial distribution in multiple  

(as we did for the A80 application), we multiply the probability of targeting pollock by the 

amount of catch predicted, giving us expected catch. The prevailing remaining quota is then 

reduced by the amount of catch to determine the remaining quota for the next period. That value 

for remaining quota is then used to calculate the quota speed of pollock and Chinook for the next 

week. With this data, the probability of participation in the next week is predicted. By iterating 

the process above for each week in sequence, we generate the prediction for whole season with 

simulated quota use. 

 Simulated participation in the pollock fishery also fits the actual participation patterns 

quite well, although it slightly overpredicts participation in the first half of the B season, and 

underpredicts in the second half of the B season (Figure 75). Overall, it still captures the trend of 

the behaviors over a season, and we conclude that the model can be used to simulate the policy 

modification. 

7.4. Policy Simulation 
We apply our simulation model to a potential policy alternative that has been raised for analysis 

in the Council Process—namely, opening the B season earlier. Specifically, we simulate the 

harvesters’ dynamic fishery target choice in a response to opening the B season two weeks 

earlier. The end date of the season remains at the status quo. The aim of this change is to provide 

the harvesters opportunity to utilize their pollock quota with lower prohibited species takes. As 

seen in Figure 68, the Chinook salmon bycatch rate rises in the end of the B season. If the B 

season were to open earlier, the fleet might be able to catch pollock and use their quota before 

the Chinook salmon bycatch rate increases. The empirical question posed is the extent to which 

the harvesters would choose to take advantage of this earlier period, and how much PSC this 

would allow them to avoid. 

 A significant countervailing consideration with the proposal of opening the B season 

earlier is the non-Chinook bycatch species. While there is a lower Chinook salmon take rate in 

the early periods in the B season, the non-Chinook salmon bycatch rate is not negligible. 

Therefore, shifting the timing of participation may trade off greater bycatch of non-Chinook 
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salmon against Chinook salmon take. Therefore, our interest in this policy change is the changes 

in the timing and total amount of bycatch species caused by changes in the target species choice 

of the harvesters.  

 The policy simulation is done by adding two weeks before the first week of the current B 

season. The added weeks are week 21 and 22 of the season. Because the data in this period is not 

available, we extrapolate the data as follows. The catch rate and bycatch rate (Chinook-pollock 

ratio) is the average of the first three weeks of the current B season. Speed of quota of pollock 

and Chinook are re-calculated because the season length is extended. We set the value of the 

fixed effect for week 22 as the average of weeks 24 to 26. As we can see from Figure 76, the 

number of the vessels in the first week of each season tends to be fewer than in other weeks. This 

is captured by the week fixed effect. We call this “the first week effect”, and use the fixed effect 

of week 23 as the fixed effect of week 21 in the policy simulation data. Then we replace the 

week fixed effect of week 23 with the average weeks 24 to 26 in the policy simulation. The 

simulation process is the same as the simulated quota prediction explained in the Section 7.3.  

 The predicted weekly number of vessels targeting Pollock is shown as the blue line in 

Figure 76. Compared to the status quo prediction (orange line), the harvesters do choose to target 

pollock in the early weeks in the B season, and stop targeting it earlier than in the status quo 

prediction. In other words, the participation pattern shifts toward the beginning of the season. 

This is an expected result, because the Chinook salmon take is very low in the beginning of the 

season, and the model reflects harvesters’ desire to avoid high Chinook encounter rates later in 

the season. The harvesters stop targeting pollock from around week 30, earlier than the status 

quo, because the quota is used sooner than in the status quo due to the early opening.  

 The total amount of Chinook PSC and non-Chinook salmon bycatch in the B season are 

shown in Figure 77. While the total amount of Chinook bycatch decreases with the policy 

change, non-Chinook catch is not affected very much, and even slightly decreases. To investigate 

this more closely, we look at the changes in the timing of bycatch, shown in Figure 78 and 

Figure 79, which show monthly take of Chinook and non-Chinook, respectively. As more vessels 

target pollock in the early period, the Chinook bycatch increases in June, which has more days of 

fishing due to the earlier B season opening. However, there are significant drops in the amount in 

the later season, in particular September. This feature is paralleled by non-Chinook salmon 

bycatch, but the peak of non-Chinook bycatch happens in August, when many vessels still target 
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pollock, and thus the total amount of bycatch does not decrease as much as Chinook. 

 In summary, the result of the policy change simulation shows that considering dynamic 

quota and PSC-use costs, in addition to the availability of other fisheries, harvesters would 

choose to participate in an earlier B season. By opening the B season earlier than the current 

date, harvesters obtain the opportunity to catch pollock and exploit their allocated pollock quota 

and decreases Chinook salmon bycatch without damaging non-Chinook salmon bycatch. 
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Appendix A. Defining Fleets 
The process of defining fleets requires several steps and is not consistent across all fleets.  The 

primary source of complication is the limited ability to identify vessels within the observer 

database. Vessels are assigned a unique observer ID in the observer database. The only way to 

link haul information to a specific vessel—and thereby allowing us to assign a haul to a vessel, 

and thus a fleet—is by linking the observer ID to a vessel’s Alaska Department of Fish and 

Game (ADF&G) vessel ID. Unfortunately, we were only able to obtain a partial link between 

observer ID and ADF&G ID, resulting in some hauls not being assigned to a vessel or fleet. 

Without this link, we can only define fleet by vessel type (e.g. CP or CV) and gear type (e.g. 

HAL, NPT, etc.). 

 For example, the observer data contains haul-level information for 238 unique vessels for 

the years 2011-2013. Of these vessels, 26 vessels did not have an observer-ADF&G link. Of 

these 26 “un-linked” vessels, one vessel was a NPT CV, 11 vessels were pot or trap CVs, 11 

vessels were HAL CVs, and three vessels were HAL CPs. Ultimately, we discarded haul 

information from all un-linked vessels, due to the fact that we could not link these haul 

observations to vessel-specific information, such as cooperative membership (if any), quota 

usage, company, etc. 

 The number of unique vessels in each fleet for the year 2005-2013 can be seen in Table 

12. The process of assigning a vessel to a fleet is described below. 

A.1. Amendment 80 (A80) fleet 
Vessel-specific membership within the A80 fleet was determined by using the LLP database, 

which includes endorsements for eligibility to participate in certain fisheries, including A80.  

Cooperative membership was determined through the A80 Cooperative Reports. Assigning 

vessels to the A80 fleet was particularly straightforward, with the exception of the OCEAN 

PEACE, which has eligibility for both A80 and AFA Offshore. OCEAN PEACE was included in 

the A80 fleet due to the fact that the large majority of its fishing effort is conducted in the A80 

fisheries. Over the years 2005-2013, there were 23 unique vessels that participated in the A80 

fleet. 
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A.2. American Fisheries Act (AFA) Offshore fleet 
Vessel-specific membership within the AFA Offshore fleet was determined by using the AFA 

permit database for CPs. Cooperative membership was easily determined as there exists only one 

cooperative (Pollock Conservation Cooperative; PCC) for the AFA Offshore fleet. Assigning 

vessels to the AFA Offshore fleet was particularly straightforward, with the exception of the 

OCEAN PEACE, as described above. For the years 2005-2013, there were 17 unique vessels that 

participated in the AFA Offshore fleet (including KATIE ANN).39 

 In theory, the AFA Offshore fleet also consists of 7 CVs, which collectively form the 

High Seas Catchers’ Cooperative (HSCC), that are eligible to fish and deliver a suballocation of 

AFA pollock to CPs. In practice, the HSCC CVs have consistently leased their pollock quotas to 

CPs within PCC, and subsequently participate in sideboarded Pacific cod fisheries. Only three 

HSCC CVs appear in the observer data between 2005 and 2013, and we therefore do not include 

them in our analysis. 

A.3. American Fisheries Act (AFA) Inshore fleet 
Vessel-specific membership within the AFA Inshore group was determined by using the AFA 

permit database for CVs. The permit database indicates whether a CV is in the Inshore, 

Mothership, or Offshore sector. Complicating the assignment of a vessel to the AFA Inshore 

fleet is the fact that 13 CVs dually qualify for both the AFA Inshore and Mothership fleets, and 

there is no clear indication as to whether a haul for a “dually-qualified” vessel is for the Inshore 

of Mothership fleet. Our final understanding is that all activity by CVs in the Mothership fleet is 

attributed to the Mothership that received the delivery. By implication, any activity in the 

observer data by a CV in both the Inshore and Mothership fleet is attributable to the Inshore 

fleet. Over the years 2005-2013, there were 91 unique vessels that participated in the AFA 

Inshore fleet. 

A.4. American Fisheries Act (AFA) Mothership fleet 
Vessel-specific membership within the AFA Mothership group was determined by using the 

AFA permit database for CVs, which indicates whether a CV is in the Inshore, Mothership, or 

Offshore sector. As discussed above, assigning CVs to the AFA Mothership fleet was 

                                                
39 It’s still questionable as to whether the KATIE ANN should be included in the AFA Offshore group. The KATIE 
ANN does not appear to receive any AFA pollock allocation (according to AFA Offshore cooperative reports) and 
primarily fishes for flatfish or Pacific cod in limited access fisheries. 
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complicated by the fact that 13 vessels are dually-qualified for the Inshore and Mothership fleets. 

Further complicating the analysis of the Mothership fleet is that all activity by CVs in the 

Mothership fleet is attributed to the Mothership that received the delivery, as opposed to the CV 

that conducted the delivery. By implication, any CV that is only in the Mothership fleet does not 

appear in the observer data.  Further, any activity conducted by the dually-qualified vessels in the 

Mothership fleet is attributed only to the Motherships. Thus, for the Mothership fleet, we can 

only identify the three Motherships that accepted the delivery, as opposed to the CVs that made 

the delivery.  

A.5. The Freezer Longline (FLL) fleet 
Vessel-specific membership within the FLL fleet was determined through endorsements in the 

LLP dataset. Membership in the FLL fleet requires a LLP that is endorsed for BS or AI CP 

fishing activity for Pacific Cod using longline gear. Alternatively, there are no other fleets that 

have CP vessel types and HAL gear types, so vessel type and gear type is likely a good fleet 

identifier. Using the latter definition, we observe 42 unique vessels between 2005 and 2013, 3 of 

which have no link to an ADF&G ID, and are thus eliminated from the dataset. 

Appendix B. Data Sources 
The project drew from multiple publicly available and confidential sources of data, which are 

described in the following sections. 

B.1. Observer Data 
The North Pacific Observer Program provides the regulatory framework for NMFS-certified 

observers (observers) to obtain information necessary to conserve and manage the Bering Sea 

(BS), Aleutian Islands (AI), and Gulf of Alaska (GOA) groundfish fisheries. Observers collect 

biological samples and fishery-dependent information on total catch and interactions with 

protected species. Managers use data collected by observers to monitor quotas, manage 

groundfish and prohibited species catch, and document and reduce fishery interactions with 

protected resources. 

We obtained a haul-level dataset of all observer-sampled hauls from catcher vessels (CVs) 

and catch processors (CPs) in the Bering Sea and Aleutian Islands from 2002-2013.  

B.2. Federal Fisheries Permit Database 
A Federal Fisheries Permit (FFP) is required for all US vessels that are used to fish for 
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groundfish, halibut, crab, salmon, scallops, herring, and other fisheries that are conducted in 

federal waters and in which operators are required to retain any bycatch of groundfish. An FFP 

authorizes a vessel owner to deploy a vessel to conduct operations in the GOA or BSAI under 

the following categories: catcher vessel, catcher processor, mothership, tender vessel, or support 

vessel. In addition, the FFP must also specify the use of pot, hook-and-line (HAL), or trawl gear 

in the directed fisheries for pollock, Atka mackerel, or Pacific cod. In addition to FFPs issued for 

vessels, individuals may also be required to obtain other permits for themselves or their vessels 

depending upon their operation. For example, in the halibut and sablefish IFQ fisheries, 

fishermen must obtain a permit to harvest IFQ halibut or IFQ sablefish. A database of all issued 

FFPs is publicly available at https://alaskafisheries.noaa.gov/ram/ffpfpp.htm.  

B.3. North Pacific License Limitation Program (LLP) Database 
A Federal LLP license is required for vessels participating in directed fishing for LLP groundfish 

species in the GOA or BSAI, or fishing in any BSAI LLP crab fisheries. The LLP was 

implemented in 2000, and established criteria for issuing licenses to persons based on the fishing 

history of vessels. The initial criteria for general qualification were relatively minimal: one 

landing during a five year period from 1988 – 1992 (NPFMC, 2012). 

A vessel must be named on an original LLP license that is onboard the vessel. The LLP 

license requirement is in addition to all other permits or licenses required by federal regulations. 

The LLP does not apply to Pacific halibut or ling cod, which are not considered groundfish under 

the Federal Fishery Management Plans. This Federal program is not applicable in waters of the 

State of Alaska.  

Groundfish LLP licenses are issued with endorsements that define where, when, and what 

the vessel named on the license is authorized to do, based on historical fishing patterns at the 

time the license was implemented. An area endorsement defines the geographic location in 

which the vessel may fish. Licenses carry one or more fishing area endorsements: Bering Sea 

(BS), Aleutian Islands (AI), West Gulf (WG), Central Gulf (CG), and Southeast Gulf (SE). 

Licenses also carry endorsements for operation type (CP or CV), gear (trawl, non-trawl, or both), 

and maximum vessel length. In addition, persons who wish to participate in the directed fishery 

for Pacific cod in the BS and/or AI with pot or HAL gear must have a gear- and operation-type 



 89 

specific Pacific cod endorsement on the LLP license that names their vessel.40 Further, since 

2011, persons who wish to participate in the directed fishery for Pacific cod in the West or 

Central GOA with non-trawl gear must have a gear- and operation-type specific Pacific cod 

endorsement on the LLP license that names their vessel. 

The Restricted Access Management (RAM) Program prepares lists of LLP groundfish 

and crab licenses, with area and Pacific cod endorsements, which are publicly available at 

https://alaskafisheries.noaa.gov/ram/llp.htm. The LLP database also includes vessel-specific 

information regarding eligibility for the Amendment 80 and the American Fisheries Act 

programs. The LLP database is a key source of information in our analysis, and is used primarily 

to define fleet membership and the vessel choice sets. 

B.4. Amendment 80 Cooperative Reports 
A80 harvester cooperatives are required to report to the NPFMC with a summary of its catch of 

target species, prohibited species, and sideboard species. These reports contain information 

regarding cooperative membership, annual allocation of target and prohibited species quotas—

including within-season rollovers from other sectors—and catch of all species. A80 cooperative 

reports are publicly available at https://alaskafisheries.noaa.gov/sustainablefisheries/amds/80/.  

B.5. American Fisheries Act (AFA) Cooperative Reports 
AFA harvester cooperatives are required to report to the NPFMC with a summary of its catch of 

target species, prohibited species, and sideboard species. These reports contain information 

regarding cooperative membership, annual allocation of target and prohibited species quotas—

including within-season rollovers from other sectors—and catch of all species. AFA cooperative 

reports are publicly available at https://alaskafisheries.noaa.gov/fisheries-data-reports?tid=688. 

   

                                                
40 Pacific cod endorsements are not required for trawl gear or jig gear; for these gears, licenses only need a trawl or 
nontrawl gear endorsement, respectively; and the appropriate operation type, and area endorsement(s). 
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FIGURES 

Figure 1: Overview of the components of the Bering Sea groundfish fisheries. 
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Figure 2: Overview of the research process. 
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Figure 3: Total allowable catches (TACs) in the BSAI groundfish fisheries, 2004-2013. 
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Figure 4: Total allowable catch (TAC) to allowable biological catch (ABC) ratio in the 
BSAI groundfish fisheries, 2004-2013. 
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Figure 5: Proportion of TAC harvested for BSAI groundfish, 2004-2012. 

Figure 6: Difference between TAC and harvests for BSAI groundfish, 2004-2012. 
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Figure 7: Foregone wholesale value in unharvested TAC for BSAI groundfish species, 
2004-2012. 

Figure 8: Total foregone wholesale value in unharvested TAC, 204-2012. 
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Figure 9: An illustration of the two-stage decision process for the Amendment 80 fleet. 
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Figure 10: Outline of the simulation model. 
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Figure taken from NPFMC (2015a). 

Figure 11: NMFS management areas in the Bering Sea and Aleutian Islands. 
 

 
Figure taken from NPFMC (2015a). 

Figure 12: NMFS management areas in the Gulf of Alaska. 
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Figure 13: Illustration of computing weighted time. 

Figure 14: Fishing Days for the Amendment 80 Fleet in the Bering Sea, Aleutian Islands, 
and the Gulf of Alaska, 2008-2013 
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Figure 15: Annual harvest and species composition for the Amendment 80 fleet, 2008-2013. 
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Figure 16: Weekly harvests and species compositions for the Amendment 80 fleet, 2008-
2013.
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Figure 17: Average fishing days by fishery for Amendment 80 fleet, 2008-2013. 
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Figure 18: Fleet-wide usage of Amendment 80 allocations, by species. 

0

25,000

50,000

75,000

100,000

125,000

150,000

175,000

200,000

M
et

ric
 T

on
s

Atka Mackerel Flathead Sole Pacific CodPacific Ocean Perch Rock Sole Yellowfin Sole

20
08

20
09

20
10

20
11

20
12

20
13

20
08

20
09

20
10

20
11

20
12

20
13

20
08

20
09

20
10

20
11

20
12

20
13

20
08

20
09

20
10

20
11

20
12

20
13

20
08

20
09

20
10

20
11

20
12

20
13

20
08

20
09

20
10

20
11

20
12

20
13

Annual Quota Usage for Amendment 80 Fleet, by Species

Catch (mt) A80 Allocation (mt)



104 

Figure 19: Cooperative usage of allocated target species quota.  

0
20

,0
00

40
,0

00
60

,0
00

80
,0

00
10

00
00

M
et

ric
 T

on
s

Atka Mackerel Flathead Sole Pacific CodPacific Ocean PerchRock Sole Yellowfin Sole

20
08

20
09

20
10

20
11

20
12

20
13

20
08

20
09

20
10

20
11

20
12

20
13

20
08

20
09

20
10

20
11

20
12

20
13

20
08

20
09

20
10

20
11

20
12

20
13

20
08

20
09

20
10

20
11

20
12

20
13

20
08

20
09

20
10

20
11

20
12

20
13

AK Groundfish Cooperative

Catch (mt) Coop Allocation (mt)

0
20

,0
00

40
,0

00
60

,0
00

80
,0

00
10

00
00

M
et

ric
 T

on
s

Atka Mackerel Flathead Sole Pacific CodPacific Ocean PerchRock Sole Yellowfin Sole

20
08

20
09

20
10

20
11

20
12

20
13

20
08

20
09

20
10

20
11

20
12

20
13

20
08

20
09

20
10

20
11

20
12

20
13

20
08

20
09

20
10

20
11

20
12

20
13

20
08

20
09

20
10

20
11

20
12

20
13

20
08

20
09

20
10

20
11

20
12

20
13

AK Seafood Cooperative

Catch (mt) Coop Allocation (mt)

Annual Quota Usage for Amendment 80 Fleet, by Cooperative



105 

 
Figure 20: Box-and-whisker plots of remaining quota for Amendment 80 species, 2008-
2013. 
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Figure 21: Map of the total catch of rock sole (kg) for the years 2010-2013. 

 

Figure 22: Map of the total catch of yellowfin sole (kg) for the years 2010-2013. 
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Figure 23: Map of the total catch of Pacific cod (kg) for the years 2010-2013. 

 

Figure 24: Map of the total catch of flathead sole (kg) for the years 2010-2013. 
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Figure 25: Map of the total catch of Atka mackerel (kg) for the years 2010-2013. 

 

Figure 26: Map of the total catch of pollock (kg) for the years 2010-2013. 
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Figure 27: Map of the total catch of arrowtooth flounder (kg) for the years 2010-2013. 

 

Figure 28: Map of the total catch of Pacific halibut (kg) for the years 2010-2013. 
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Figure 29: Daily catch of rock sole, by target and non-target fisheries 2002-2013. 

Figure 30: Daily catch of yellowfin sole, by target and non-target fisheries 2002-2013. 
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Figure 31: Daily catch of Pacific cod, by target and non-target fisheries 2002-2013.

Figure 32: Daily catch of Flathead sole, by target and non-target fisheries 2002-2013. 

0
10

20
30

0 100,000 200,000 300,000 0 100,000 200,000 300,000

Bering Sea Aleutian Islands

P
er

ce
nt

Catch (kg)

Target Fisheries

0
20

40
60

0
20

40
60

0 50,000 100,000

0 50,000 100,000

Bering Sea Aleutian Islands

Gulf of AlaskaP
er

ce
nt

Catch (kg)

Target Fisheries

Pacific Cod Daily Catch: Target and Non-Target Fisheries
0

5
10

15

0 50,000 100,000 150,000

Bering Sea

P
er

ce
nt

Catch (kg)

Target Fisheries

0
50

10
0

0
50

10
0

0 20,000 40,000 60,000

0 20,000 40,000 60,000

Bering Sea Aleutian Islands

Gulf of AlaskaP
er

ce
nt

Catch (kg)

Non-target Fisheries

Flathead Sole Daily Catch: Target and Non-Target Fisheries



112 

Figure 33: Daily catch of Atka mackerel, by target and non-target fisheries 2002-2013.

Figure 34: Daily catch of Pacific ocean perch, by target and non-target fisheries 2002-2013. 
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Figure 35: Daily catch of arrowtooth, by target and non-target fisheries 2002-2013.
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Figure 36: Predictions for daily rock sole catch, 2008-2013. 

Figure 37: Predictions for daily yellowfin sole catch, 2008-2013. 

Figure 38: Predictions for daily Pacific cod catch, 2008-2013. 
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Figure 39: Predictions for daily flathead sole catch, 2008-2013.

Figure 40: Predictions for daily Atka mackerel catch, 2008-2013. 
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Figure 41: Predictions for daily Pacific ocean perch catch, 2008-2013.

Figure 42: Predictions for daily Arrowtooth flounder catch, 2008-2013. 
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Figure 43: Daily pollock catch and predictions, 2008-2013.

Figure 44: Daily halibut PSC and predictions, 2008-2013. 
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Figure 45: Weekly quota speed for rock sole, 2008-2013. 

 

Figure 46: Weekly quota speed for yellowfin sole, 2008-2013. 
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Figure 47: Weekly quota speed for Pacific cod, 2008-2013. 

 

Figure 48: Weekly quota speed for flathead sole, 2008-2013. 
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Figure 49: Weekly quota speed for Pacific ocean perch, 2008-2013. 

Figure 50: Weekly quota speed for Pacific halibut, 2008-2013. 
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Figure 51: In-sample predictions and actual fishing days, by week and region, 2013. 
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Figure 52: In-sample predictions of the total number of fishing days by fishery, 2013. 
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Figure 53: Out-of-sample predictions and actual fishing days for 75% hold-out sample, by 
week and region, for 2013. 

0
20

40
60

80

0 10 20 30 40 50
Week of Year

Bering Sea

0
5

10
15

20
25

0 10 20 30 40 50
Week of Year

Aleutian Islands

0
10

20
30

40

0 10 20 30 40 50
Week of Year

Predicted Days Actual Days

Gulf of Alaska

0
20

40
60

80
10

0

0 10 20 30 40 50
Week of Year

Predicted Days Actual Days

No Fishing

Out-of-Sample Weekly Effort Predictions: 75% holdout



124 

Figure 54: Out-of-sample predictions for 75% hold-out sample—total number of fishing 
days by fishery, 2013. 

0 200 400 600 800 1,000 1,200 1,400 1,600

yfsole_bs

turbot_ai

turbot_bs

rsole_bs

rockfish_goa

pop_ai

pop_bs

no_fish_tgt

groundfish_goa

flatfish_goa

fhsole_bs

cod_ai

cod_bs

atka_ai

arrowtooth_ai

arrowtooth_bs

Out-of-Sample Prediction: 75% holdout

Actual Days Predicted  Days



125 

 

Figure 55: Out-of-sample predictions and actual fishing days for the 2013 hold-out sample, 
by week and FMP, for 2013. 
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Figure 56: Out-of-sample predictions for 2013 hold-out sample—number of fishing days by 
fishery. 
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Figure 57: Box-and-whisker plots of the difference between actual and predicted annual 
catch, using actual effort days. 
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Figure 58: Calibration Results—the ratio of calibrated annual catch to actual annual catch 
(green) and the ratio of predicted annual catch to actual catch (orange), by species and 
year. 
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Note: Blue dots represent actual fishing days, dashed line represents the median fishing days from the simulation, 
and the grey area represents the 5th to 95th percentile range of simulation results. 

Figure 59: Weekly effort simulations, by region for 2013.  
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Figure 60: Annual effort simulations, by fishery in 2013. 
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Figure 61: Annual catch simulations, by fishery in 2013. 
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Figure 62: Box-and-whisker plots of the proportion of métiers closed due to binding quota. 
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Figure 63: Box-and-whisker plots of the proportion of métiers closed due to binding quota, 
by species.
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Figure 64: Weekly catch simulations, for Pacific cod and flathead sole. 

Figure 65: Estimated monthly pollock product composition. 
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Figure 66: Estimated monthly wholesale prices for pollock, 2005-2013. 

 

Figure 67: Average weekly Pollock CPUE (kg/haul) for AFA Offshore fleet, 2005-2013. 
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Figure 68: Average weekly Chinook salmon CPUE (#/haul) for AFA Offshore fleet, 2005-
2013.

 

Figure 69: Average weekly non-Chinook salmon CPUE (#/haul) for AFA Offshore fleet, 
2005-2013. 
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Figure 70: Average weekly yellowfin sole CPUE (kg/haul) for AFA Offshore fleet, 2005-
2013.

 

Figure 71: Number of vessels by targeting pollock, AFA Offshore fleet, 2005-2013. 
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Figure 72: Average number of vessels by targeting pollock and yellowfin sole, AFA 
Offshore fleet, before and after A91. 

Figure 73: In-sample predictions and actual number of vessels in the pollock fishery, 2013. 
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Figure 74: Out-of-sample predictions and actual number of vessels in the pollock fishery, 
2013.

Figure 75: Simulation and actual number of vessels in the pollock fishery, 2013. 



140 

Figure 76: Policy simulation—opening the B-season two weeks early (blue) vs predicted 
status quo (orange) and actual status quo (hollow). 

Figure 77: Chinook and non-Chinook bycatch with (green) and without (purple) policy 
change.
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Figure 78: Timing of Chinook bycatch, with and without policy change. 

Figure 79: Timing of non-Chinook bycatch, with and without policy change. 
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 TABLES 

 
Reproduced from NPFMC (2010). 

Table 1: Number of vessels by fleet, 2010. 

 

Company Vessels 

Directed 
Pollock 
Fishery 

Share (%) 
PCC Share 

(%) 
C/P Northern Hawk, L.L.C. 1 1.000 2.73 
Starbound, L.L.C. 1 1.585 4.33 
Arctic Fjord, Inc. 1 1.792 4.90 
Arctic Storm, Inc. 1 1.841 5.03 
Glacier Fish Company, L.L.C. 3 6.222 17.00 
Trident Seafoods Corp. 3 6.824 18.64 
American Seafoods, L.L.C. 6 17.336 47.37 
Total 16 36.600 100.00 

Table 2: PCC allocations in 2014 (PCC Annual Report, 2015). 

Cooperative Vessels 

Directed  
Pollock  
Fishery  

Share (%) 

Inshore Sector 
Share  
(%) 

Akutan Catcher Vessel Assoc. 34 16.1315 32.263 
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ra
b
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le
et

Sc
al
lo
p
�F
le
et

Amendment�80�Fleet 24 1 0 0 0 0 0 0 0 10 13 0 0 0 0 0

AFA�Catcher�Processors 1 15 0 0 0 0 0 0 0 0 1 0 0 0 0 0

AFA�Mothership�Fleet 0 0 16 8 0 0 0 0 0 1 1 0 0 0 0 0

AFA�Catcher�Vessels 0 0 8 83 0 0 0 0 0 19 5 3 0 0 2 0

Non�AFA�BSAI�Trawlers 0 0 0 0 13 0 0 2 0 6 4 3 0 2 0 1

Freezer�Longliners 0 0 0 0 0 39 0 3 0 0 0 5 0 17 1 0

Longline�Catcher�Vessels 0 0 0 0 0 0 74 2 4 0 0 61 2 43 0 0

Groundfish�Pot�Fleet 0 0 0 0 2 3 2 123 0 2 11 53 2 26 31 0

Jig�Fleet 0 0 0 0 0 0 4 0 77 0 0 13 0 2 0 0

Central�GOA�Trawlers 10 0 1 19 6 0 0 2 0 53 11 6 0 2 0 0

Western�GOA�Trawlers 13 1 1 5 4 0 0 11 0 11 42 12 0 4 0 0

Halibut�IFQ�Fleet 0 0 0 3 3 5 61 53 13 6 12 1060 19 357 7 0

Halibut�CDQ�Fleet 0 0 0 0 0 0 2 2 0 0 0 19 211 6 0 0

Sablefish�IFQ�Fleet 0 0 0 0 2 17 43 26 2 2 4 357 6 397 8 0

BSAI�Crab�Fleet 0 0 0 2 0 1 0 31 0 0 0 7 0 8 79 1

Scallop�Fleet 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 4
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Arctic Enterprise Assoc. 0 0 0.000 
Northern Victor Fleet Cooperative 16 5.3475 10.695 
Peter Pan Fleet Cooperative 9 1.1735 2.347 
Unalaska Fleet Cooperative 10 5.0145 10.029 
UniSea Fleet Cooperative 15 13.2415 26.483 
Westward Fleet Cooperative 8 9.0915 18.183 
Total 92 50.000 100.00 

Table 3: Inshore allocations in 2014 (Intercoop Annual Report, 2015). 
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Bering Sea (N=17,889) Aleutian Islands (N=4,282) Gulf of Alaska (N=1,920) 

  Fishery Area N   Fishery Area N   Fishery Area N   

Arrowtooth 

509 100 Arrowtooth 541 464 
Flatfish 

610 207 
513 34 

Atka mackerel 
541 1,242 620 519 

517 522 542 931 N=840 630 114 
N=1,391 518 379 N=2,613 543 440 

Groundfish 
610 64 

521 356 
Pacific cod 

541 109 620 28 

Pacific cod 

509 454 542 23 N=106 630 14 
513 103 N=159 543 27 

Rockfish 
610 427 

514 13 
POP 

541 273 620 306 
516 38 542 216 N=974 630 178 

N=877 517 85 N=845 543 356 640 63 
518 41 Turbot 541 201     
521 143         

Flathead sole 
509 86         
513 362         

N=1,344 517 250         
518 10         
521 636         

POP 
513 9         
517 172         

N=314 518 79         
521 54         

Rock sole 

509 2,955         
513 104         
514 56         
516 678         

N=4,000 517 154         
518 2         
521 51         

Turbot 
517 16         
518 96         

N=120 521 8         

Yellowfin sole 

509 3,795         
513 2,567         
514 1,754         

N=9,843 516 498         

517 517         

  521 712                   

Table 4: Daily target fishery participation, by NMFS areas, for the Amendment 80 fleet, 
2008-2013 (N=24,091). 
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Region Fishery Open Closed Notes 

BSAI 

Yellowfin sole 
January 20 December 31 Rock sole 

Flathead sole   
Arrowtooth flounder 

May 1 December 31 
  Greenland turbot 

Pacific cod 
January 20 October 31 Closing date changed to December 31 starting 2014 

Atka mackerel 
AI Pacific Ocean Perch January 20 December 31   
BS Pacific Ocean Perch Late October   Typically opens last week of October starting 2010 

GOA 

Rockfish 
Non-Cooperative July 1 December 31 Applies to vessels not participating in the GOA Rockfish Program   

Cooperative May 1 November 15   
Flatfish   January 20 December 31   

Groundfish 
Season A January 20 June 10 

Closing and opening dates cover both Pacific cod and pollock fisheries. 
Season B August 25 November 1 

Table 5: Directed fishery season dates for the BSAI and GOA groundfish trawl fisheries. 
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Fixed Effects/Explanatory Variables 

Distributional  Mean or Alpha or Probability   
  Species Models Family Incidence rate Dispersion of zero catch   

Rock sole 

Target (BS) NB FE: V,W,A,Y FE: V,W,A,Y - 
EV: D,S,T - - 

Non-target (BS) NB FE: V,W,A,Y,F FE: V,W,A,Y,F - 
EV: D,S,T - - 

Non-target (AI,GOA) ZINB FE: V,W,A,Y,F cons FE: V,W,A,Y,F 
  EV: D - -   

Yellowfin 
sole 

Target (BS) NB FE: V,W,A,Y FE: V,W,A,Y - 
EV: D,S,T - - 

Non-target (BS) NB FE: V,W,A,Y,F FE: V,W,A,Y,F - 
EV: D,S,T - - 

Non-target (AI,GOA) ZINB FE: V,W,A,Y,F cons FE: V,W,A,Y,F 
  EV: D - -   

Pacific cod 

Target (BS) NB FE: V,W,A,Y FE: V,W,A,Y - 
EV: D,S,T - - 

Target (AI) NB FE: V,W,A,Y FE: V,W,A,Y - 
EV: D - - 

Non-target (BS,AI,GOA) NB FE: V,W,A,Y,F FE: V,W,A,Y,F - 
  EV: D - -   

Flathead 
sole 

Target (BS) NB FE: V,W,A,Y FE: V,W,A,Y - 
EV: D,S,T - - 

Non-target (BS) NB FE: V,W,A,Y,F FE: V,W,A,Y,F - 
EV: D,S,T - - 

Non-target (AI,GOA) ZINB FE: V,W,A,Y,F cons FE: V,W,A,Y,F 
  EV: D - -   

Atka 
mackerel 

Target (AI) NB 
FE: V,W,A,Y FE: V,W,A,Y - 

EV: D - - 

Non-target (BS) ZINB 
FE: V,W,A,Y,F cons FE: V,W,A,Y,F 

EV: D - - 

Non-target (AI,GOA) ZINB 
FE: V,W,A,Y,F cons FE: V,W,A,Y,F 

  EV: D - -   

Legend: 
BS=Bering Sea; AI=Aleutian Islands; GOA=Gulf of Alaska 
NB = Negative Binomial; Zero-inflated Negative Binomial 
FE = Fixed Effects; V=Vessel; W=Week; A=Area; Y=Year; F=Fishery; cons=constant only 
EV=Explanatory Variables; D=log(Duration); S=Survey (catch rate average); T=Temperature (bottom average) 

Table 6: CPUE Distribution models, Part 1. 
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Fixed Effects/Explanatory Variables 

Distributional  Mean or Alpha or Probability   
  Species Models Family Incidence rate Dispersion of zero catch   

Pacific 
ocean perch 

Target (AI) NB FE: V,W,A,Y FE: V,W,A,Y - 
EV: D - - 

Target (BS) NB FE: V,W,A,Y FE: V,W,A,Y - 
EV: D - - 

Non-target (BS) ZINB FE: V,W,A,Y,F cons FE: V,W,A,Y,F 
EV: D - - 

Non-target (AI,GOA) ZINB FE: V,W,A,Y,F cons FE: V,W,A,Y,F 
  EV: D - -   

Arrowtooth 
flounder 

Target (AI) NB FE: V,W,A,Y FE: V,W,A,Y - 
EV: D - - 

Target (BS) NB FE: V,W,A,Y FE: V,W,A,Y - 
EV: D,S,T - - 

Non-target (BS) ZINB FE: V,W,A,Y,F cons FE: V,W,A,Y,F 
EV: D,S,T - - 

Non-target (AI,GOA) ZINB FE: V,W,A,Y,F cons FE: V,W,A,Y,F 
  EV: D - -   

Pollock 
Non-target (BS) NB FE: V,W,A,Y,F FE: V,W,A,Y,F - 

EV: D,S,T - - 

Non-target (AI,GOA) ZINB FE: V,W,A,Y,F cons FE: V,W,A,Y,F 
  EV: D - -   

Pacific 
halibut 

Non-target (BS) ZINB 
FE: V,W,A,Y,F cons FE: V,W,A,Y,F 

EV: D - - 

Non-target (AI) ZINB 
FE: V,W,A,Y,F cons FE: V,W,A,Y,F 

EV: D - - 

Non-target (GOA) ZINB 
FE: V,W,A,Y,F cons FE: V,W,A,Y,F 

  EV: D - -   

Legend: 
BS=Bering Sea; AI=Aleutian Islands; GOA=Gulf of Alaska 
NB = Negative Binomial; Zero-inflated Negative Binomial 

FE = Fixed Effects; V=Vessel; W=Week; A=Area; Y=Year; F=Fishery; cons=constant only 
EV=Explanatory Variables; D=log(Duration); S=Survey (catch rate average); T=Temperature (bottom average) 

Table 7: CPUE Distribution models, Part 2. 
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Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

Rev -0.8844*** 0.0298*** 0.0270*** 0.1534*** 0.0879* 

Dayslw 0.0652*** 0.0643*** 

Daysly 0.0180*** 0.0162*** 

Effortlw 0.0338*** 0.0344*** 

Effortly 0.0225*** 0.0221*** 

Alt. Spec.? Yes No Yes Yes Yes Yes 

Quota? No No No No Yes Yes 

AIC  196,317.4   291,822.8   196,217.0   153,302.3   187,032.1   150,249.0  

BIC  197,037.2   291,835.2   196,949.3   154,220.8   187,963.0   151,229.5  

LL -98,100.7  -145,910.4  -98,049.5  -76,577.2  -93,441.1  -75,045.5  

Pseudo R2 0.344 0.025 0.344 0.488 0.375 0.498 

N (weeks) 5,743 5,743 5,743 5,743 5,743 5,743 

N (days) 39,107 39,107 39,107 39,107 39,107 39,107 

legend: * p<.1; ** p<.05; *** p<.01 

     

Table 8: Estimation results for métier choice models 1-6, Amendment 80 fleet 2008-2013. 
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Expected Catch 

  Species Variable   Estimate   

Rock sole 
constant  0.0485*** 

  qspeed    0.0620*** 

Yellowfin sole 
constant  0.0316** 

  qspeed    0.0764*** 

Flathead sole 
constant  0.0235*** 

  qspeed   -0.0818*** 

Pacific cod 
constant -0.0233* 

  qspeed   -0.1478*** 

Atka mackerel 
constant  0.1287*** 

  qspeed   0.0953***   

Pacific Ocean 

Perch 

constant  0.1527*** 

  qspeed    0.0435*** 

Halibut 
constant -0.1776*** 

  qspeed   0.0145   

        legend: * p<.1; ** p<.05; *** p<.01 

Table 9: Expected catch and quota speed estimation results for métier choice Model 6. 
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 Model 
 (1) (2) (3) (4) 
Intercept (Out) 1.685*** 6.456*** 2.327*** 2.748*** 
 (0.392) (2.046) (0.835) (0.869) 
Intercept (Poll) 2.778*** 7.413*** 1.136 0.868 
 (0.720) (2.047) (1.067) (1.156) 
Exp. Revenue 0.062***  0.112*** 0.150*** 
 (0.021)  (0.029) (0.035) 
Speed of Quota (Poll.) -7.659***  -9.474*** -13.292*** 
 (0.711)  (1.272) (1.689) 
Switching Cost -4.340***  -4.515*** -4.207*** 
 (0.342)  (0.492) (0.483) 
A91 Dummy 1.799**  0.202 1.119 
 (0.913)  (0.682) (0.824) 
Speed of Quota (Chin.) 0.023  0.032 0.034 
 (0.043)  (0.032) (0.044) 
Exp. Chin.Poll. Ratio (CPR) -4.665  -17.112** -23.531** 
 (8.627)  (7.971) (9.342) 
2011 Dummy -4.516***   -9.806*** 
 (1.617)   (3.532) 
A91 x Speed of Quota (Chin.) 0.141  -0.036 0.211 
 (0.128)  (0.038) (0.159) 
A91 x Exp. CPR -72.402***  8.505 -3.568 
 (23.486)  (14.768) (17.721) 
2011 x Speed of Quota (Chin.) -0.162   -0.259 
 (0.120)   (0.158) 
2011 x Exp. CPR 119.364***   213.544*** 
 (38.540)   (75.854) 
2011 x Speed of Quota 3.074*   6.515** 
 (1.581)   (3.014) 
Inclusive Value 1.318*** 2.717*** 0.728*** 0.633*** 
 (0.191) (0.665) (0.145) (0.125) 
Week FE No Yes Yes Yes 
Vessel FE No Yes Yes Yes 

 
Observations 1,632 1,632 1,632 1,632 
R2 0.679 0.337 0.769 0.792 
Log Likelihood -404.041 -835.401 -290.657 -262.378 
Note: *p**p***p<0.01 
  

  

Table 10: Estimation results for métier choice models 1-4, AFA Offshore, Season A. 
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 Model 
 (1) (2) (3) (4) 
Intercept (Out) 1.632*** -645.414 1.605*** 1.227*** 
 (0.387) (103,414.400) (0.464) (0.473) 
Intercept (Poll) 1.421*** -642.674 1.279*** 1.335*** 
 (0.371) (103,030.800) (0.421) (0.448) 
Exp. Revenue 0.071***  0.077*** 0.037 
 (0.021)  (0.025) (0.026) 
Speed of Quota (Poll.) -2.509***  -3.164*** -3.049*** 
 (0.200)  (0.304) (0.256) 
Switching Cost -3.223***  -3.855*** -3.938*** 
 (0.167)  (0.223) (0.216) 
Num. of ves. Hake 0.006  0.092*** 0.021 
 (0.022)  (0.028) (0.029) 
A91 Dummy 0.247  -0.302 0.569** 
 (0.250)  (0.220) (0.275) 
Speed of Quota (Chin.) -0.065  -0.053 -0.066 
 (0.115)  (0.139) (0.129) 
Exp. Chin.Poll. Ratio (CPR) -14.041***  -14.092*** -15.402*** 
 (2.321)  (3.126) (2.698) 
2011 Dummy -0.316   -0.290 
 (0.324)   (0.351) 
A91 x Speed of Quota (Chin.) 1.219  0.045 1.634 
 (1.346)  (0.147) (1.511) 
A91 x Exp. CPR -221.489***  -4.605 -266.554*** 
 (36.373)  (11.851) (42.608) 
2011 x Speed of Quota (Chin.) -1.151   -1.554 
 (1.341)   (1.506) 
2011 x Exp. CPR 233.047***   271.464*** 
 (40.992)   (50.136) 
2011 x Speed of Quota -0.628   -0.864 
 (0.778)   (0.813) 
Inclusive Value 0.744*** -154.488 1.053*** 0.772*** 
 (0.104) (24,766.990) (0.135) (0.119) 
Week FE No Yes Yes Yes 
Vessel FE No Yes Yes Yes 
Observations 2,944 2,944 2,944 2,944 
R2 0.719 0.125 0.728 0.747 
Log Likelihood -618.139 -1,924.878 -599.009 -556.825 
Note: *p**p***p<0.01 

 

Table 11: Estimation results for métier choice models 1-4, AFA Offshore, Season B. 
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Year A80 
AFA 

Offshore 
AFA 

Inshore 
AFA 

Mothership* FLL 
2005 22 17 84 3 38 
2006 22 17 84 3 38 
2007 22 17 84 3 36 
2008 22 17 84 3 35 
2009 21 15 82 3 37 
2010 20 15 78 2 34 
2011 20 16 82 3 30 
2012 20 16 82 3 30 
2013 18 16 81 3 30 

*Number of motherships accepting deliveries 

Table 12: Number of unique vessels in a year, by fleet. 
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