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The relationship between intrinsic fish quality (fish condition before handling),

production efficiency, product price, and the optimal management of commercial "wild"

fisheries was explored in four companion papers. The optimal management plan-
consisting of quotas and harvest schedules - would maximize the discounted net industry

revenues (NPV) given a minimum biomass level.

The first paper used information on biological changes in Pacific whiting and

corresponding production yields to model a vertically integrated fishery from harvest

through processing. The seasonal, nonlinear, bioeconomic programming model

incorporated stock dynamics with the interactive economic effects of intrinsic fish

quality, the harvest schedule, and the quota allocation between heterogeneous user

groups. NPV was maximized when the intraseason timing of harvest coincided with the

seasonal improvement in fish quality that follows spawning and migration. NPV was

only marginally affected, however, by the quota allocation.
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The second paper employed processing-level surimi data to estimate the effect of

production and policy-controlled variables on quality characteristics. Hedonic equations

were then estimated to obtain the implicit price of each characteristic in distinct markets.

Implicit prices were also estimated for grade, production location (onshore, at-sea), and

production date. Results indicated that (1) species and the time between processing and

harvesting both significantly affected the characteristics, (2) color and gel strength

attributes had the largest price effect, and (3) market conditions can diminish the price

effect of production-controlled factors.

The third paper defined a theoretical model for managing commercial wild-caught

fisheries. The model demonstrated that a delay in harvesting can increase NPV and stock

size through improvements in intrinsic fish quality that positively impact production

yields, fish size, and product price. In the empirical application, improved yields, heavier

fish, and higher prices increased NPV by 38, 6, and 25 percent, respectively;

multiplicative effects accounted for the remaining 31 percent.

Sensitivity analysis in the final paper found that the optimal allocation to the

onshore sector was inversely related to the size of the recruiting cohort due to current

capacity constraints (relative to the average annual harvest). In addition, the policy

objective(s) and interseason variability in intrinsic quality influenced NPV and the

optimal management plan.
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THE MULTIDIMENSIONAL ROLE OF INTRINSIC QUALITY IN THE
MANAGEMENT OF NATURAL RESOURCES: A BIOECONOMIC ANALYSIS

OF THE PACIFIC WHITING FISHERY

CHAPTER I:

INTRODUCTION

The examination of contemporary marine resources is fundamentally different

from other renewable natural resources due to the lack of well-defined property rights.

This lack of private ownership is the primary source of overcapitalization and social

welfare losses in fisheries (Squires, Kirkley, and Tisdell; Boadway and Bruce). In

particular, an unregulated stock of fish will be overexploited because each harvester

imposes negative externalities on all other harvesters. The externality occurs when a

harvester decides to catch more fish and, thereby, reduce the size of the stock; the

decision to catch more fish effectively raises the cost of "finding' fish to other harvesters.

Since this cost is external to the harvester, it is ignored when the decision of how many

fish to catch is made (Boadway and Bruce). This "common-property externality" results

in overfishing whereby the size of the unharvested stock - the number of fish that remain

in the sea - is too small. The externality also implies a role for government since

regulation can produce a potential Pareto improvement. In other words, the externality is

aprimafacie case for "allocative" public sector policies (Boadway and Bruce).

Given that private rights will never be available for publicly-owned U.S. marine

resources and that there is a moratorium on the establishment of new Individual

Transferable Quota systems - a close substitute - until 2000 in the United States,

alternative management plans that can incorporate and achieve the benefits that would be



obtained under a private-rights system are needed. In many fisheries, property rights to

the stock of fish have been partly restored by imposing aggregate fishing quotas

(Boadway and Bruce; Homans and Wilen).

Although aggregate quotas are an improvement over the unregulated situation,

such a management structure fails to consider the cyclical physiological changes in fish

that occur from maturation, spawning, migration, and/or feeding. Seasonal changes in

fish quality can affect production yields, costs, and product price at both the harvest and

processing level (Sylvia, Larkin, and Morrissey). Given that fishery management plans

may consider the economic value and utilization rates of alternative plans according to

the Magnuson-Stevens Fishery Conservation and Management Act, seasonal changes in

intrinsic fish quality - the characteristics of the fish at the time of harvest (before

handling) - may be extremely important.

Information on the Pacific whiting (Merluccius producrus) fishery is used in the

following four chapters to illustrate the relationship between intrinsic fish quality and

optimal resource management. This fishery - described in further detail in the following

section - provides an excellent example since (1) there exists reasonably good biological,

production, and quality data; and (2) seasonal quality issues have been, and are

continuing to be, an issue with the managers of the fishery (PFMC).

The Pacific Whiting Fishery

Pacific whiting are a member of the hake family. The 12 species collectively

account for over 1 million metric tons (mt) harvested each year globally (Pitcher and

Alheit). Bakes are long-lived (up to 15 years), white-fleshed, mild-flavored, demersal
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fish. Although similar to the cod (Gadidae) family - and often competitive in the same

market - hakes have a distinct morphology. Hakes also tend to have myxosporidian

parasites that can cause the flesh to become "mushy" (Alderstein and Francis). Pacific

whiting, in particular, are susceptible to these parasites. Consequently, the species has

acquired the reputation of a relatively low quality fish. This negative reputation has

limited the number of potential product forms, especially in the fresh market (Sylvia).

Pacific whiting is the most abundant commercial fish species off the U.S. West

Coast, south of Canada. This fishery is conducted almost exclusively with midwater

trawls over bottom depths of 100 to 500 meters (Methot and Dorn). The stock has

supported average annual harvests of nearly 180,000 mt since large-scale commercial

exploitation began in the mid-1960s (Methot and Dorn). At that time, the Soviet Union

obtained fishing privileges from the United States and initiated processing by large

factory trawlers. Before rescinding these privileges in 1980, joint venture operations

were established between U.S. trawlers and Soviet at-sea processors. By the late 1980s,

U.S. trawlers had developed joint venture arrangements with several nations. By 1991,

however, these operations were completely phased out after the domestic industry was

deemed of sufficient size to use the entire annual quota (Methot and Dorn). The domestic

industry currently consists of U.S. factory-trawlers and trawlers that deliver shoreside for

processing. In 1993, 60 vessels landed Pacific whiting - raw or processed (NMFS).

There is no recreational component to this fishery.

The transition within the domestic fishery from being a small-scale coastal

industry in the early 1960s to a large-scale offshore and onshore (shore-based) fishery in

the early 1990s was accompanied by a change in the type of products produced. Before
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the foreign fishery began, Pacific whiting was exclusively harvested to produce fishmeal

(Methot and Dorn). Subsequent technological advances in freezing enabled the use of

Pacific whiting for the consumption market, including the production of fillets, headed

and gutted, and surimi (Natural Resources Consultants). Surimi is a protein paste used

for the fabrication of final products and it currently is the primary product form (Sproul

and Queirolo). Regardless of the product form or processing location - offshore or

onshore - all products are immediately frozen to avoid the enzymatic process that breaks

down the flesh. Freezing inhibits this process and, with the addition of cryoprotectants,

prolongs shelf life (Sylvia; Lanier and MacDonald).

Throughout the 1990s, total landings have averaged 250,000 mt. In 1997, the

domestic total landings quota was 232,000 mt. The shoreside sector received

approximately 87,000 mt (38 percent), of which 80 percent was landed in Oregon

(PacFIN). The total landings were valued at approximately $27.3 million.

The biological aspects of the stock have been well studied (Francis; Swartzman,

Getz, and Francis; Methot and Dorn; Dorn et al.). Recently, the stock was considered

neither "overfished" or 'approaching an overfished condition" according to the Report on

the Status of Fisheries of the United States prepared by the National Marine Fisheries

Service and presented to Congress in September 1997. In that report, the fishing

mortality rate - relative to the maximum allowable rate published in the appropriate

Fishery Management Plan (FMP) - was the primary means of assessing the condition of

the stock. For Pacific whiting, the fishing mortality rate has been below the rate that

would reduce the spawning biomass per recruit below 20 percent of its unfished level;

consequently, the stock was not considered overfished.



Management of the Fishery

In the United States, the Magnuson Fishery Conservation and Management Act of

1976 declared exclusive economic rights to fishing from 3 to 200 miles offshore and

created eight regional councils to manage all living marine resources. This act - referred

to as the Magnuson Act - was passed primarily to allow for establishment of

conservation measures. In 1996, the Sustainable Fisheries Act (Public Law 104-297)

amended the Magnuson Act. The changes to the Magnuson Act - renamed the

Magnuson-Stevens Fishery Conservation and Management Act - included provisions

requiring that conservation measures shall, for example, (1) be based upon the best

scientific information available; (2) where practicable, consider efficiency in the

utilization of fishery resources; and (3) to the extent practicable, promote the safety of

human life at sea.

Under Section 2 of the Magnuson-Stevens Act, it is declared that the purposes of

Congress are "to provide for the preparation and implementation, in accordance with

national standards, of fishery management plans which will achieve and maintain, on a

continuing basis, the optimum yield from each fishery" (16 U.S.C. 1801). The term

"optimum," with respect to the yield from a fishery, means the amount of fish which -

will provide the greatest overall benefit to the Nation, particularly with
respect to food production and recreational opportunities, and taking into
account the protection of marine ecosystems;

is prescribed as such on the basis of the maximum sustainable yield from
the fishery, as reduced by any relevant economic, social, or ecological
factor; and

in the case of an overfished fishery, provides for rebuilding to a level
consistent with producing the maximum sustainable yield in such fishery.

5



The last point, (c), is not applicable to the Pacific whiting fishery since this stock is not

overfished - or in danger of becoming overfished in the near future - according to the

1997 report to Congress on the Status of Fisheries of the United States prepared by the

National Marine Fisheries Service.

The Pacific Fishery Management Council has authority over that portion of the

Pacific whiting resource that is available to the United States. The council - established

under Public Law 10 1-627 - is directed

to exercise sound judgement in the stewardship of fishery resources
through the preparation, monitoring, and revision of such plans under
circumstances (A) which will enable the States, the fishing industry,
consumer and environmental organizations, and other interested persons to
participate in, and advise on, the establishment and administration of such
plans, and (B) which take into account the social and economic needs of
the States.

The Pacific Council represents the States of California, Oregon, Washington, and Idaho.

The council has 14 voting members including one appointed from an Indian tribe with

Federally recognized fishing rights (Magnuson-Stevens Act, Public Law 97-453).

The Pacific whiting stock is exploited by both the United States and Canada.

Since the early 1990s - when the fisheries in both countries became fully domestic - the

allocation has been controversial. The United States has harvested the majority (from 70

to 90 percent) of the jointly-determined total allowable catch (TAC) in each year,

however, the combined shares have reached over 120 percent in some years (Methot and

Dorn).

Biologists with the National Marine Fisheries Service use hydroacoustic stock

surveys, onboard observers, sampling, and an assessment model to determine appropriate

harvest levels (Dorn et al.). Since 1977, assessment surveys - consisting of a bottom

6



'A third sector, a Native American group, has recently been added to the allocation. This group received
25,000 mt, or approximately 10 percent of the total harvest quota, in 1997 and 1998. Since this sector has
contracted with a catcher-processor, it can be accurately represented by the at-sea component.
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trawl survey and concurrent hydroacoustic/midwater trawl survey - have been conducted

triennially. A synthesis model simulates the dynamics of the population using an

integrated age-structured analysis of catch-at-age data and survey estimates of biomass

and age composition (Methot and Dorn). 'The recommended harvest level is designed to

balance achievement of a large average annual harvest while maintaining sufficient

female spawning biomass to provide adequate recruitment" (Methot and Dorn, p. 403).

Given that the stock is in good condition (according to the National Marine Fisheries

Service), it appears that the stock conservation measures have been successful.

The Pacific Council develops the management recommendations, which are

subsequently approved and implemented by the National Marine Fisheries Service and

the U.S. Department of Commerce. The plan is developed from stock assessments,

domestic allocation suggestions, and public comment. Annual quotas provide the

primary control on fishing mortality but other regulations are in effect concerning gear

use, season, and geographic area. Specifically, the trawls must have codend mesh that is

at least three inches. Area and season closures have also been enacted in response to

concerns over bycatch (juveniles and salmon).

The most contentious component of the plan is usually the onshore-offshore

allocation. The onshore component Consists of catcher vessels that deliver fish onshore

for processing. The offshore sector includes vessels that process at sea (i.e., catcher-

processor vessels that both harvest and process and "motherships" that - using fish

delivered by one or more catcher vessels - only process).1 Competition exists between



these two user groups since the offshore sector has tremendous harvest and processing

capacity compared to the average annual quota. This large capacity could allow the

offshore sector to harvest the entire quota in a relatively short period - effectively

eliminating the shore-based sector - if an explicit allocation is not specified.

Problem Statement

The following passage succinctly summarizes the timing of harvest problem for

wild-caught fishery resources:

The nature of the time of capture problem is this: Fish grow rapidly when
young, slowly when old. Similarly, the biomass of any given year class of
a species exhibits the same general growth patterns modified by the age
specific mortality rate of the class. Given these differences in biomass
growth rates over time, it is presumed that there should be an
economically optimal time of harvest as in a forest or feedlot, for example.
Harvesting strategies that do not approximate the optimal time of harvest
presumable forego certain social benefits that could be produced by the
fishery. There is a market impairment if it appears that economical rules
can be found to reduce the amount of foregone benefit. [Wilson, p. 428]

Although this passage was written over 25 years ago, the ideas have yet to be formally

addressed in a comprehensive and multidimensional framework for the purpose of

developing 'optimal" policies for managing wild marine fisheries. The series of papers

in this dissertation attempts to theoretically and empirically address this issue.

Objectives

1. Create a seasonal bioeconomic model of the Pacific whiting fishery in order to

determine the "optimal" management plan.

8



Rationale: A seasonal model can incorporate observed variation in the condition of the

fish that occur due to spawning and migration. These physiological changes are

hypothesized to affect product recovery rates and average fish size which may, in turn,

influence the optimal fishery management plan - the plan that maximizçs discounted net

returns - including the intraseason timing of harvest and the annual quota allocation

between competing harvest sectors.

Determine the implicit prices of surimi characteristics and other factors hypothesized

to influence price using the hedonic technique.

Rationale: Surimi is the primary product form produced from Pacific whiting and Alaska

pollock, the two largest Pacific groundfish stocks. Consequently, factors that influence

surimi price can significantly affect the wholesale value of the resource. The hedonic

technique is well-suited for this analysis because surimi - perhaps the only seafood

product that is graded - is marketed based on the objective measurement of several of its

characteristics.

Use the hypotheses from Objectives 1 and 2 (regarding the effects of intrinsic quality)

to develop an intra- and interseason theoretical model of a wild-caught commercial

fishery. Then derive empirical estimates of (1) the long-run effects and (2) the

distinct intrinsic quality effects - of incorporating intrinsic quality - on the optimal

management of the Pacific whiting fishery.

Rationale: A comprehensive model is needed to account for, and distinguish between,

9

the intrinsic quality effects on optimal management including seasonal changes in weight,
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production yields, and product prices. This information is vital to achieve the maximum

value and full utilization of the resource as prescribed in the Magnuson-Stevens Act.

Analyze the sensitivity of the optimal management plan - including the allocation

between heterogeneous user groups - to tenuous biological assumptions and

alternative policy objectives.

Rationale: The onshoreoffshore allocation is a major issue that has dominated several

management discussions regarding the Pacific whiting fishery. Given that the onshore

sector is capacity-constrained and that production portfolios are sector-specific, changes

in either the total annual quota (e.g., from alternative recruitment predictions) or the

policy objectives are expected to affect the optimal allocation between sectors. In

addition, relaxing the market constraints on certain product forms is expected to affect the

profit-maximizing allocation.

Summarize the study results, implications, and caveats.

Rationale: Pacific whiting served as an excellent example of the effects of intrinsic

quality variation due to the availability of data, especially since the lack of an explicit

price-size relationship can highlight the importance of alternative quality factors. In

addition, incorporating the heterogeneous sectors of the industry enabled the examination

of quota allocation issues, which are a commonly debated component of contemporary

management plans. The general findings will, therefore, be applicable to many marine

species including other hakes, cod, pollock, and higher-valued species such as the large

pelagics.



Overview

The fundamental aspect of managing renewable resources is accounting for stock

growth in order to determine appropriate harvest policies. Usually growth is defined as

additional gross volume when, in fact, simultaneous changes in physical condition can

create economic incentives, which would alter the optimal harvest level and seasonal

extraction pattern. The series of papers in this dissertation explores the relationship

between intrinsic fish quality (i.e., the condition of the fish at the time of harvest, before

handling), production efficiency, product price, and the optimal management of

commercial "wild" fisheries.

The flow chart in figure 1.1 provides a comprehensive representation of the

intraseason dynamics and interactions modeled in this dissertation. As each season

progresses, natural mortality reduces the number of fish available to harvest and the

intrinsic quality characteristics - such as fish size, condition, and composition - change.

The number of fish harvested is directly affected by the assumed natural mortality rate

and the specification of fishing mortality. These dynamic components (namely, the

mortality rates and intrinsic quality) influence the size of the annual harvest, processor

yields, and product characteristics, all of which eventually affect the quantity and price of

the processed products. As the program attempts to maximize net present value (NPV),

which is assumed a proxy for industry rents, the optimal management plan - consisting of

the annual landings, quota allocations, and intraseason harvest schedules - is found.

Feedback links are included from the optimal solution because the management plan can

dictate the pattern and selectivity of harvests that, as shown, can influence the current and

future value of the fishery.

11
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Figure I. 1. The Causal Relationship Between the Seasonally Endogenous Components
(rectangles) and the Optimal Solution, including the TAC and Production Portfolio
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The Chapters

The first paper (Chapter II) is titled "Intrinsic Fish Characteristics and Intraseason

Production Efficiency: A Management-level Bioeconomic Analysis of a Commercial

Fishery." This study uses data on physiological characteristics of the Pacific whiting and

corresponding production yields - collected throughout the year - to model a vertically

integrated fishery from harvest through processing. A nonlinear bioeconomic

programming model is created to incorporate the combined effects of pre-harvest fish

quality, intraseason harvest pattern, and quota allocation between user groups.2 The

optimal management plan is the strategy which maximizes discounted net revenues given

a minimum spawning biomass level.

The second paper (Chapter III) is titled "Value and Determinants of Surimi

Quality Characteristics: Implications for Processors and Resource Managers." Firm-level

data on U.S. produced Alaskan pollock and Pacific whiting surimi are used to estimate

the effect of production variables (e.g., hours between harvest and processing) and policy

variables (e.g., fishing seasons) on the quality characteristics of raw surimi. Then,

transactions data are used to estimate hedonic equations and derive the implicit prices of

each characteristic of surimi when purchased for distinct uses (seafood analogs for the

U.S. market versus traditional products in Japan). Implicit prices are also estimated for

such factors as surimi grade, production location (onshore, at-sea), and production date.

13

This model uses the same annual stock dynamics (with the exception of the fishing mortality
specification) as presented in previous annual models of the fishery (Sylvia and Enriquez; Methot and
Dorn).
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The third paper (Chapter IV) is titled "Seasonal Variation in Intrinsic Quality and

Optimal Fishery Management Strategies.' This study uses the hypotheses and findings

from the previous empirical studies to develop an appropriate theoretical model. This

model is then used to empirically estimate the optimal management plan given the

observed variation in intrinsic quality and the resulting effects on production yields and

product price. Using sensitivity analysis, the increase in discounted net industry benefits

from incorporating intrinsic quality is decomposed by source (i.e., weight gain, price

increase, and yield improvements).

The fourth chapter (Chapter V) is titled "The Sensitivity of Quota Allocations in

the Pacific Whiting Fishery." The empirical bioeconomic model of Chapter IV is used to

assess the sensitivity of the model - namely, the change in the optimal value of four

different quotas including the allocations between harvest sectors, product mix, seasonal

harvest schedule, and total annual quota - to the assumed recruitment specification,

overall level of intrinsic quality, and the policy objective(s). This examination is

important to the competing harvest sectors since they differ in capacity, production

efficiency, and the type of products produced.

The final chapter (Chapter VI) summarizes the results in terms of the implications

for managing the Pacific whiting resource. The collective findings derived from these

companion papers are also generalized for application to similar resources. Additional

emphasis is given to the usefulness of this type of information for managing wild stocks

that experience observable (i.e., quantifiable) variations in intrinsic quality due to

spawning, migration, and/or seasonal feeding patterns.
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Introduction

A fundamental aspect of managing renewable resources is accounting for growth

of the stock in order to determine appropriate harvest policies. Usually growth is defined

as additional gross volume when, in fact, simultaneous changes in the physical condition

of the stock - as evidenced by changes in the quantitative measurement of its

characteristics - can create economic incentives which would alter optimal harvest levels

and seasonal extraction patterns. In the case of many commercial fisheries, seasonal

harvests are also affected by allocations among heterogeneous harvest sectors. The

combined effects of pre-harvest quality, timing of seasonal harvests, and quota allocation

can significantly complicate efforts to optimally manage marine resources.

For slow growing or homogeneous stocks, it may be appropriate to use simple

estimates of annual growth rates to determine the annual harvest quantity. This approach

may, however, be inadequate when the intra-annual harvest schedule can significantly

affect the total value of the catch. Several studies, primarily on shellfish, have found that

delaying the season opening date can result in the capture of larger individuals which

command a higher price per unit weight (Conrad; Anderson; Clark, p.304; Kellogg,

Easley, and Johnson; Onal et al.; Milliman et al.). Conversely, assuming that a later

harvest will increase both size and price may overestimate benefits in some fisheries

because (1) delayed harvests can reduce future catch due to an increase in natural

mortality, (2) weight gain may be due primarily to gonadal (non-edible) tissue which

lowers output quantities, and (3) unit prices may not necessarily depend on the size of

individual fish. In contrast, seasonal improvements in the physical condition of the stock
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- the intrinsic quality - may provide economic incentives to alter harvest patterns,

especially for non-crustaceans.

The physical condition of many marine species can vary dramatically with their

reproductive cycle. In particular, the characteristics of individual adult fish begin to

improve following spawning (AFDF; Jobling). An improved condition can increase

conversion ratios between harvest weight and quantities of final products (Love).

Consequently, intraseason models that focus on weight ignore other characteristics of the

stock that can increase total benefits. The failure to consider indirect effects of improved

intrinsic quality, such as production efficiencies, represents an opportunity cost in terms

of foregone benefits to the industry and society.

While the timing of harvest can be synchronized with seasonal quality variation

that is common among renewable resources, timing can also be affected by the capacity

of the harvest sector. For example, if the capacity of the harvest sector is large and there

is a race to harvest, such as occurs under an open-access total harvest (or landings) quota

system, the season will be very short. This type of fishery is commonly referred to as an

"Olympic-style't fishery. The economic inefficiency of Olympic-style fisheries is one

justification for allocating rights to harvest a specified proportion of the annual quota

(Freese, Glock, and Squires). If these so-called property rights are assigned based on

differences in vessel capacity, their optimal allocation - the allocation that maximizes the

value of the resource to society - essentially becomes an optimal timing problem.

Examining this issue, McConnell and Strand found that property rights can be essential to

capturing gains from intratemporal harvest plans. In addition, Milliman et al. found

substantial improvements in social welfare after accounting for heterogeneous user
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groups. Moreover, according to Fletcher, Howitt, and Johnson, ignoring heterogeneous

fishing fleets is a form of model misspecification. For these reasons, it is important to

consider the allocation of harvest rights when developing regulations that affect the

intraseason distribution of effort.

Despite the potential importance of both intrinsic quality and harvest rights, their

joint and relative effects have yet to be examined empirically. This paper evaluates

whether variation in the intrinsic characteristics of Pacific whiting, an important fishery

on the U.S. West Coast, affects the optimal intraseason management plan by impacting

recovery rates. This approach offers an initial attempt to empirically link intrinsic

product quality, production yields, and quota allocations into the determination ofan

optimal management plan.3

The objectives of this study are to (1) estimate the effects of intrinsic quality on

production yields, (2) compare benefits from incorporating intrinsic quality and quota

allocation into the determination of the optimal management plan, and (3) compare the

contemporary and optimally estimated management plans. To accomplish these

objectives we use information from fishery biologists, food technologists, economists,

and resource managers to develop a management-level bioeconomic programming model

of the Pacific whiting fishery. The following section contains a discussion of the specific

management process and quality problems associated with the harvest of Pacific whiting,

a cod-like species, that are relevant to this study.

Given that the focus is on recovery rates, other intrinsic quality effects - such as changes in output
product quality and production costs - are not formally incorporated; consequently, the estimated potential
benefit from incorporating intrinsic quality may underestimate actual benefits (see final paragraphs of the
Economic Component section for further discussion).



The Fishery

The stock of Pacific whiting, Merluccjus productus, is managed by both the

United States and Canada; the stock migrates from spawning grounds off Baja California

in early spring to summer feeding grounds along the continental shelf in Oregon,

Washington and British Columbia. For simplicity, this analysis focuses on the larger

U.S. industry which harvests an average of 200,000 metric tons (mt) annually, or

approximately 70 percent of the total allowable catch (PFMC 1993). The Pacific whiting

fishery is governed by the Pacific Fishery Management Council and the resource is the

largest groundfish stock managed by the Council.

The Council is required to develop a fishery management plan that is consistent

with the following prioritized goals: (1) conserve the resource by preventing overfishing,

(2) maximize the value of the resource, and (3) maximize overall yield through increased

utilization (PFMC 1993). The Council uses a sequential process to construct the plan.

First, biologists for the National Marine Fisheries Service (NMFS) recommend annual

harvest quotas over a 3-year period. Second, the Council, in consultation with the Ad

Hoc Pacific Whiting Allocation committee, develops alternative harvest guidelines which

include the season opening date and allocation between user groups (i.e., on-shore and at-

sea sectors).4 In the third step, NMFS economists conduct a cost-benefit analysis on each

alternative. The Council then chooses the "best' plan for the forthcoming 3-year period

and submits that plan to the Department of Commerce for final approval.

The onshore sector consists of smaller vessels, which deliver harvests shoreside for processing. The at-
sea sector consists of larger vessels that both processes and, for the case of factory trawlers, harvest.
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This management structure has, until recently, assumed the intraseasonal

dynamics of the population are unimportant. Although a licensing requirement restricts

entry it does not prohibit race-for-the-resource harvests and, therefore, ignores the

potential benefits of increasing the temporal distribution of effort. This is important

because the primary season has opened April 15 and "in April, the mature Pacific whiting

have recently spawned, and then migrated over 1000 km, and are at minimum of their

annual growth cycle" (PFMC 1993, p. 21). The managers of the resource have,

consequently, "received a great deal of public comment regarding (1) poor quality of

whiting flesh early in the season and resulting poor product quality and (2) increased

potential [total] yield from the resource by allowing fish to 'fatten' over the spring and

early summer" (PFMC 1993, p. 16). Existing industry analysis and corresponding

management tools may have, therefore, resulted in the inefficient management of the

Pacific whiting fishery; a fishery where intraseason growth patterns have been well

documented (PFMC 1992; Methot and Dorn).

Model

The fishery is modeled using nonlinear mathematical programming. This type of

model is equivalent to a discrete optimal-control problem (Clark); the time path of

harvest is chosen to maximize social welfare subject to biological dynamics, economic

conditions, and relevant regulations. In fisheries, this approach has been used

successfully in several recent empirical applications (Kellogg, Easley, and Johnson; Onal
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et aL; Milliman et al.; Sylvia and Enriquez). In this paper, the time path of harvest is

determined by allocating (1) effort across months within each year (i.e., intraseason

harvest pattern) and (2) annual quotas between competing industry sectors (i.e., catch

rights).

The model is comprised of biological, intrinsic quality, and economic

components. The components are defined on both an intra- and interyear basis such that

the model moves across months (denoted by m, m = 1, 2, ... 12) and into successive years

(denoted by y, y = 1, 2, 3). The biological component is based on conventional, age-

structured population dynamics (Ricker); Sylvia and Enriquez and Methot and Dorn

successfully used this approach to develop annual models of the Pacific whiting fishery.

The unique quality component specifies the intraseason pre-harvest characteristics of the

individual fish and how these factors define the intraseason recovery rates of various

products produced by the industry. The economic component combines the biological

and intrinsic quality information with the costs and benefits associated with producing the

various products to determine social welfare.

All equations are solved simultaneously using the nonlinear solver in the General

Algebraic Modeling System (MINOS5; Brooke, Kendrick, and Meeraus). Lower case

and upper case letters represent the exogenous parameters and endogenous variables,

respectively. The components of the model are summarized in Appendix A.

Biological Component

23

Recruitment into the Pacific whiting fishery is defined as the number of fish of the

youngest harvestable age added to the stock in a given year. There are fourteen
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harvestable age-classes, or cohorts, in the fishery. Fish age is denoted by a (a = 2, 3,

15). Recruitment, rec, is assumed to occur during January (i.e., m = 1) of each year:

Ny,,,i_ia2 = rec}

where N is the number of fish. This specification assumes recruitment is independent of

stock size. This assumption is appropriate for modeling of Pacific whiting since the

relationship between stock size and recruitment is unclear (Dorn et al.; Methot and Dorn).

Following Dorn et al., the 1960-1993 median recruitment of 0.954 billion is used.

The initial size of the population is entered into the model by the following

equation:

11)'=1,,n=1,a+I = flUifla+1

where num is the population of the older cohorts, that is, the number of fish ages 3 to 15.

Two equations are required to track the stock over time. Equation 3 specifies the

intrayear population dynamics. This equation moves the stock across months in each

year:

= (1111 . e

where mig defines the annual migration patterns between countries (c = U.S., Canada)

that are specific to each cohort and Z is the total instantaneous mortality rate. To move

the stock into subsequent years the model must advance the age of each cohort; the

interyear population dynamics are established by linking the years and months. The

number of fish in January of the subsequent years,

N+11,1,+1 = . mig, e )

is derived from the number of fish in December of the preceding year.
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The total instantaneous mortality rate is attributed to natural causes and fishing

mortality, flat and F, respectively:

Zymac = nat in + Fy,,n,a,c,s
S

where s indexes the harvest sectors (s = on-shore, at-sea). Natural mortality occurs

throughout the year and determines the maximum survival between years. The annual

natural mortality rate reported by Dorn et al. is assumed equally distributed throughout

the year since monthly data-at-age are unavailable. Fishing mortality is restricted to

occur between April and October, that is, when the stock is available in the geographic

region spanning from British Columbia to Oregon:

v,,n,a,c,s = PRS . PRMm5 . HR, . sela,cs

PRS reflects the proportion of fish harvested by the competing sectors, PRM reflects the

monthly proportion of fish harvested, HR is the harvest rate, and sel is the selectivity or

vulnerability of each cohort to fishing effort. The following constraints are combined

with non-negativity restrictions to bind the variables that allocate effort:

PRS_-=l

PRM15 = 1

in

These specifications require the sector and intratemporal allocations remain constant over

the planning horizon; this assumption reflects contemporary management.

Consistent with current biological modeling of this fishery, the annual harvest rate

(HR) is assumed proportional to the relative size of the spawning biomass (SB) in order

to prevent biological overfishing (Dorn et al.):

HR hr*.(SB/sb*),



where hr* is the "ideal' harvest rate defined so that the probability of falling below the

"cautionary" spawning biomass level is 10 percent. The cautionary level, sbc, is the 0.10

percentile of the empirical distribution of the unexploited spawning biomass; it is

interpreted as the critical depensation level and is explicitly incorporated as a lower

bound. The sb* is the mean spawning biomass level at the hr* level. Under this variable

harvest strategy, fishing mortality is a monotonically increasing function of the spawning

biomass. This specification slows harvests if the spawning biomass falls below sb*.

Spawning biomass, SB, is measured in January and calculated as:

(10) SB = fln, fw,, avgw)
a

where fin is the proportion of females that are sexually mature,fw is the proportion of

females by weight, and avgw is the average weight of the population.

The number of fish harvested, H:

HVfl,L,CS 1nig, Ny,,i,,
y,m,a.c

is determined by multiplying the migration parameter and the proportion of mortality

from fishing by the total number of fish that died during the period.

The biological parameters are obtained from a stock-synthesis model developed

by Dorn et al. These parameters are chosen because they are the most comprehensive set

of biological statistics available and are official estimates. This report also uses an age-

structured simulation model to estimate sustainable harvest quotas for 1994-1996; these

quantity-based quotas were used to verify the accuracy of our model.
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Intrinsic Quality Component

Intrinsic quality is represented by the quantifiable physical characteristics of the

fish at harvest. These characteristics are primarily affected by maturation, spawning, and

feeding (AFDF; Love). In this study these characteristics are classified as either

measures of growth, represented by weight and "plumpness", or flesh composition.

Measures of flesh composition include the portion of weight attributable to protein,

moisture, fat, and ash. Each of these characteristics, either directly or indirectly, can

affect the quantity and/or quality of final products that are produced (AFDF; Love;

Binkley).

There are two measures of "plumpness", the condition factor, cf, and the weight-

to-length ratio, wi (hereafter referred to as the Xj variables where j cf, wi). The

condition factor is calculated as:

Cfa,nz = (Warn . 100) /lan3

where weight, Wa,fl, is measured in grams and length, is measured in centimeters.

The condition factor reaches its nadir in the immediate post-spawn period and increases

as energy reserves are repleted during times of plentiful food supply (Jobling). During

this period of concentrated feeding (i.e., the harvest months), the individual fish can have

a "greater-than-usual weight at a particular length" and the excess will be revealed by the

condition factor (Busacker, Adelman, and Goolish). A simple harvest weight-to-length

ratio is hypothesized as an alternative measure of plumpness (Love).

Protein, moisture, fat, and ash (hereafter referred to as X2, variables where i = pro,

moi, fat, ash), collectively describe the composition of the flesh. The relative

composition of these characteristics affects the texture of the flesh (Love). For example,

27
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a relatively high moisture content - which occurs early in the season - can result in a

softer fillet that may be difficult to sell or use in secondary processing.

To estimate changes in these characteristics over time, they are assumed to follow

a trend-stationary process during the harvest season.6 The use of an autonomous time

trend is common in production models where estimated coefficients reflect rates of

growth (Greene, p. 252). In this analysis, for example, the equations defining age-

specific monthly weight are developed by examining the plotted data over a three year

period. The general functional form of the weight equations is:

Wa,m a0+ .m+a2.g(m),

where the a's are the estimated growth rates and the explanatory variables reflect linear

(i.e., m) and nonlinear (i.e., ga(m), quadratic or logarithmic) functions of time. For a

similar exposition in fisheries, see Bjørndal or Kellogg, Easley, and Johnson.

The weight-at-age data was collected during the 1986, 1987, and 1988 harvest

seasons (PFMC 1992). The information for all years was pooled since F-tests indicated

that interyear differences for each cohort were statistically insignificant at the 5 percent

level. Although equations with trend variables are appropriately estimated with ordinary

least squares (OLS), it was necessary to test for contemporaneous correlation because the

oceanographic conditions affect all cohorts. The Lagrange multiplier (LM) failed to

reject the hypothesis which supported estimating separate equations (LM*=28.2, 45

degrees of freedom, 0.05 level). The OLS estimation results are presented in table 11.1;

6
Estimations are chosen over actual data because equations (1) incorporate multiseason data, (2) are easily

updated and inserted into the programming model, and (3) account for measurement error. All equations
are estimated using the PROC SYSLIN command in SAS (SAS Institute Inc.).
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the results indicate that the seasonal models adequately capture the cohort-specific weight

fluctuations.

Table II. 1. Regressions of Weight Against Time by Age-Class

a For each cohort n = 21, w is weight in kg, and m = 1 for the first month (April), 2 for the second month
(May), etc. Coefficients in bold print are significant at the 0.05 percent level for a t-test of the hypothesis
that the parameter equals zero. Standard errors are reported in the parentheses below. An "NA" indicates a
non-linear component was not estimated.
b

Cohorts age 11 and 12 did not exhibit significant intraseasonal trends and cohorts 13, 14, and 15 were
aggregated due to their similar trends and small number of observations.

Recent data indicates that older cohorts are being caught at significantly lower weights than during the
1986-88 period due to earlier season opening dates and Olympic-style harvesting (Dorn et al.). To
standardize the data set, cohorts age 11 - 15 are assumed to weigh 0.622, 0.72 1, 0.752, 0.805, and 0.837 kg,
respectively, at season opening (i.e., weights last reported in the pre-migratory Eureka region).

Estimated Equations:a = &+ a, m + a2 . g(rn)
Cohortb Intercept:' &0 m g(rn) R2

2 0.240 + 0.022 rn - 0.002 rn 2 0.92
(0.0095) (0.0054) (0.0006)

3 0.321 - 0.019 rn + 0.109 ln(rn) 0.94
(0.0091) (0.0075) (0.0237)

4 0.354 + 0.033 rn - 0.001 rn 2 0.99
(0.0039) (0.0022) (0.0002)

5 0.428 + 0.046 rn - 0.073 ln(rn) 0.99
(0.0051) (0.0042) (0.0132)

6 0.519 - 0.003 rn + 0.003 rn 2 0.99
(0.0034) (0.00 19) (0.0002)

7 0.519 - 0.0 10 rn + 0.08 1 ln(rn) 0.96
(0.0069) (0.0057) (0.0180)

8 0.483 + 0.033 rn NA 0.99
(0.0058) (0.0013)

9 0.649 + 0.022 rn NA 0.92
(0.0 128) (0.0028)

10 0.776 - 0.037 rn 0.006 rn 2 0.88

(0.0244) (0.0140) (0.0017)
13-15 1.200 + 0.117 rn - 0.018 rn 2 0.95

(1.0378) (0.0217) (0.0026)
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The Oregon State University Seafood Laboratory analyzed the flesh composition

and recorded the weight and length of Pacific whiting collected from processing plants

during the 1992, 1993, and 1994 fishing seasons (Morrissey). These samples were not

aged, the data were aggregated over all cohorts. This data was used to estimate

intraseason intrinsic growth. As with the weight gain equations, intrinsic growth was

estimated on a monthly basis to correspond with the production data. The monthly

growth patterns were assumed using the plotted data and the equations were estimated as

an seemingly unrelated regression (SUR) system to take advantage of cross-equation

correlation of the residuals (LM*=36.7, 10 degrees of freedom, 0.05 level). The SUR

technique improved the overall fit of the models and increased the number of significant

parameters as compared to the OLS estimates. The estimated parameters, standard

errors, and individual equation R2's (from the underlying OLS estimations) are:

wi,,, = 8.83 + 0.50 rn (R2 = 0.93)

(4.30) (0.06)

cfm = 0.395 + 0.03 rn (R2 = 0.96)

(0.19) (0.003)

moi, = 0.806 - 0.011 rn + 0.05 ln(m) (R2 = 0.98)

(0.20) (0.004) (0.02)

pro,n= 0.147 + 0.002rn (R2 = 0.87)

(0.02) (0.0003)

fat,? = 0.0025+ 0.006nj + 0.00106rn2 (R2 = 0.96)

(0.0015) (0.002) (0.0005)
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where m = 4 to 10, the harvest months, and n=21 for each equation. Statistical t-tests

indicate all estimated parameters are significant at the 0.05 level. The relatively high R2's

result from the use of monthly data.

The monthly values of protein, moisture, and fat are plotted in figure II.!; ash

content is relatively stable and, therefore, was not estimated. These values are within the

ranges reported by Nelson, Barnett, and Kudo for 1964 - 1966 samples suggesting that

interseason proximate composition has remained stable. In addition, International

Seafoods of Alaska conducted similar research in 1991 and found identical trends for

several similar species in the North Pacific (AFDF).

Economic Component

This component contains the equations used to calculate harvests, product yields,

and social welfare. Consistent with previous analyses by the PFMC, social welfare is

defined as the discounted net economic benefits. Consumer surplus is ignored because

the markets for Pacific whiting products are primarily foreign and highly competitive due

to substitution possibilities with other whiting sources, cod, and pollock (PFMC 1993).

Therefore, the net present value of domestic producer surplus is used as a proxy for social

welfare. See Milliman et al. or Kellogg, Easley, and Johnson for a similar treatment.

The total domestic harvest in weight (DHW) is determined by multiplying the catch in

numbers by the estimated intraseasonal weight-at-age,

(12) DHWVIS =
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Figure 11.1. Predicted Monthly Proximate Composition as a Proportion of Total Flesh
Weight
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Monthly harvest is limited by the monthly processing capacity, cap, of each sector:

DHW..nscapms

Assuming the onshore sector operates at the peak daily rate observed during 1993, this

sector could process 30,000 mt per month. The at-sea catcher-processors could process

the entire quota, which has averaged around 200,000 mt, in a single month. Given that

access to this resource is limited, these constraints remain valid.

Total supplies are calculated by multiplying DHW by the proportion of each

product produced, prf, and the estimated production yields, yld:

Qv,rn,f,s = (DHW,,,IS . Pf yId,,1)

This specification assumes that the output product portfolios (prf) are pre-determined; the

industry produces four product forms (denoted byj) in fixed proportions: headed and

gutted (H&G), surimi, fillets, and fish meal. Following NMFS, the offshore sector

specializes in the production of surimi and the onshore sector uses 76 percent of its

harvest for surimi and the remaining 24 percent for H&G; meal production is calculated

based on total harvest quantities (PFMC 1993). The onshore proportion to H&G was,

however, reduced to 14 percent to correspond to actual production figures. This

specification also implies that the user groups are vertically integrated from harvesting

through primary processing.

The production yields - recovery rates - are assumed to be determined by the

intraseason variation in both the size and quality of the individual fish:

yld11 = + 131i Xli + IjI

Using intrinsic quality to explain variation in production yields has yet to be examined

quantitatively in the literature; consequently, there is no a priori evidence to support the
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choice of either functional form or explanatory variables. In this case, a simple linear

model allows for non-linear trends in yield since the intrinsic quality variables exhibit

seasonal nonlinearity. In terms of the explanatory variables, Love recommends the

simultaneous measurement of at least two characteristics in order to adequately represent

intrinsic quality. Consequently, we include one variable from each intrinsic quality

category (i.e., X1 and X2); only one variable was chosen since the size variables - wi and

cf- measure the same phenomena and the flesh composition variables -pro, moi, and fat

- are interdependent (since they are defined as a percentage of weight). Product-moment

correlations were used to determine which factors had the highest relation to the yields

and, thus, would be independent variables in the regression analysis. These partial

correlations are presented in table 11.2. In general, improvements in intrinsic quality,

such as larger or firmer fish, are hypothesized to increase recovery rates (i.e., the quantity

of final products).

Table 11.2. Partial Correlation Coefficients Between Monthly Production Yields and
Measures of Intrinsic Quality

a The numbers in parentheses are the significance probabilities under the null hypothesis that the correlation
is zero. Bold print indicates the highest correlation within each quality category; it identifies the
explanatory variables in the yield equations.

Sizea Proximate Contenta

Production Condition Weight- Moisture Protein Fat Ash
Yields Factor Length

Surimi 0.97 0.90 - 0.91 0.94 0.74 - 0.61
(0.0002) (0.006) (0.004) (0.003) (0.055) (0.144)

H & G 0.91 0.84 - 0.85 0.89 0.70 - 0.50
(0.004) (0.017) (0.015) (0.011) (0.078) (0.248)

Fillets 0.79 0.85 - 0.88 0.71 0.91 - 0.38
(0.035) (0.016) (0.009) (0.07 1) (0.004) (0.398)



yldj-suri,nim,s_on = 0.175 + 0.11 Cfrn + 1.62 pro,,,

(0.104) (0.059) (0.845)

= 0.139 0.24 cf,,, + 1.89 pro,n

(0.43) (0.024) (3.59)

Y11f=fihlern,s=on 0.245 - 0.006 wi,,1 + 6.73 fat1,1

(0.087) (0.008) (2.11)

(R2 = 0.95; n=27)

(R2 = 0.84; n=24)

(R2 = 0.82; n=18)

This data is confidential since only a small number of plants were willing to provide this information.
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The yield data was obtained from a variety of sources. Onshore surimi recovery

rates were collected from shore-based processing plants during the 1993 and 1994

seasons by the Oregon State University Seafood Laboratory.7 The intraseason yield data

for H&G and fillets reported by AFDF for Pacific cod was used as a proxy for shore-

based whiting yields (after adjusting for spawning season); the monthly ranges were used

to randomly sample with replacement, using a normal distribution, to increase the number

of observations. These assumptions were necessary given the unavailability of data,

however, the effect of these assumptions - if inaccurate - will be small since only 7

percent of the total harvest is used for H&G production and fillets are not currently a

significant product form (Freese, Glock, and Squires). For product forms where yields

differ by sector and data was unavailable, the estimated constant was adjusted by the

absolute difference between the at-sea and onshore values reported by NMFS (PFMC

1993).

The yield equations were estimated using OLS. Equations had to be estimated

individually due to differences in the number of observations and the period over which

the data was collected. Standard errors appear below the estimated coefficients:



a NA indicates "not applicable" (the sector currently does not produce the product). Onshore costs vary by
product form. Range for yields includes estimated intraseason values.
b

The at-sea meal recovery rate is nearly 11 percent less because several vessels do not produce meal
(PFMC 1993). Meal yield is assumed to increase just over 1 percent (due to decreasing water content)
during the season since data was not available to estimate this equation.
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Using these equations - and the previously estimated intraseason equations for the

condition factor, protein, weight-length ratio, and fat - yield increases approximately 28

percent throughout the 7 month season for surimi and fillets, and 12 percent for H&G.

For example, surimi yield would increase 4 percentage points during the season, from 14

to 18 percent. If the condition factor increases by 0.10 reflecting a slightly fatter fish -
then surimi and H&G yields increase in absolute value by 1.1 and 2.4 percentage points,

respectively. If protein content increases 1 percent, then surimi and H&G recovery rates

increase 1.6 and 1.9 percentage points, respectively. In terms of fillet production, a 1

percent increase in fat content would increase the fillet recovery rate by 6.7 percentage

points. Table 11.3 summarizes the estimated yields.

Table 11.3. Economic Parameters

Parameter'

User Group

At-sea Onshore

Production Yields (lb final/lb harvest)

surimi 0.145-0.178 0.134-0.174
headed and gutted NA 0.558 - 0.626

fillets NA 0.2 18 - 0.280

meal and oil 0.047 0059b 0.156 - 0.167

Prices ($/lb)

surimi $0.78 $0.67

headed and gutted NA $0.33

meal and oil $0.23 $0.26

Costs ($/lb round) $0.1003 $0.099 - $0.147
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Table 11.3 also summarizes the prices and costs obtained by the cost-benefit

analysis conducted by NMFS (Freese, Glock, and Squires). Since the industry is

considered to be vertically integrated, raw product price (cost) is not incorporated since it

represents a transfer payment from processor to harvester. As previously stated, output

product price, p, is assumed invariant to supply because Pacific whiting products

comprise only a very small portion of the total market. Price is assumed to differ

between the onshore and offshore sectors to reflect product quality differences caused by

observed differences in the time between harvest and processing (Freese, Glock, and

Squires; PFMC 1993). While it is true that the price of certain products may vary with

intrinsic quality throughout the season, this has not been demonstrated for Pacific whiting

and there is presently no data available to estimate this effect for each product form.

For fillet and H&G products, a price-size relationship was estimated using survey

data (Sylvia and Larkin); however, given the relatively small quantities assumed

produced and the absence of market-level data, the X1 price effect is assumed to be zero.

Neglecting price effects from improvements in proximate content (X2) for these product

forms is not expected to significantly underestimate benefits since only 7 percent of total

harvests are used for their production. In terms of surimi, a price-size relationship is not

valid; however, the authors are attempting to use primary data from secondary processors

to estimate the price effect of improved intrinsic fish quality. If - as preliminary results

indicate from Chapter III - intrinsic-quality induced price changes increase the value of

the harvest, omitting the price effect will produce conservative net benefit estimates but

not qualitatively impact the results.



The constant unit costs estimated by Freese, Glock, and Squires - which imply constant productivity (e.g.,
no crowding or production bottlenecks) - are assumed adequate for this aggregate industry analysis.

In addition, the intraseason costs estimated by Tuininga were based on output quantity such that the cost
reductions were generated using assumed increases in recovery rates, consequently, their inclusion in this
analysis could constitute a form of double-counting.
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Total variable Costs are calculated by multiplying the total harvest weight by the

output product portfolio and the sector-specific unit harvest and processing costs, C,

estimated by Freese, Glock, and Squires.8 As with price, unit costs may also be affected

by intrinsic quality. For example, if harvest is delayed, higher quality fish at the time of

harvest - higher intrinsic quality not improved quality from altered handling practices -
would result in lower processing costs due to less waste. A recent study suggests that the

total effect during the season is a unit cost reduction of 2 to 4 percent, depending on the

product form (Tuininga, table 4.3). In keeping with the goal of providing conservative

estimates of the potential gains from incorporating intrinsic quality, declining costs are

not incorporated into this analysis; therefore, the net present value estimate should be

interpreted as a lower bound.9

The net present value (NPV) generated by this industry is calculated as the sum of

annual net benefits - gross revenues less variable costs - discounted at r, society's real

annual discount rate (5 percent) (PFMC 1993):

(15) NPV = y.rnj,s P,s - DHWfl,S P'f,s Cf j\l+r) rn f

Excluding fixed costs in short-run analyses have been justified because they are sunk

(Bjørndal) or would not affect the intraseason harvest schedule (Kellogg, Easley, and

Johnson). With this specification, the NPV represents returns to the fixed factors of

production. Fixed costs would need to be included - since they would influence the
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intraseason harvest schedule - if the onshore sector could not cover these costs over a

very short season (e.g., a relatively small annual quota and/or onshore allocation).

Following standard practice in cost-benefit analysis, the objective function

specified in equation 15 assumes the alternative sectors - onshore and at-sea - are equally

weighted.'° In addition, leakages resulting from foreign ownership - which cannot, by

law, exceed 49 percent - are ignored due to the lack of reliable data (PFMC 1993).

Results

The primary objective of this study was to evaluate how intraseason variability in

the characteristics of the harvested fish impact seasonal harvest patterns (i.e., PRM in

equation 8), quota allocation (i.e., PRS in equation 7), and, ultimately, the net present

value of the industry (i.e., NPVin equation 15). Five scenarios are defined for the

evaluation. The base case, scenario 1, removes the seasonality by assuming the weights

and yields are constant at the April-May average (a and yldf ) to correspond with the

historical operation of the fishery. The results of this "calendar independent' case are

then compared to scenarios 2 and 3 which consider intraseason weight changes and

increasing production yields, respectively. Scenario 4 allows both of these components

to vary throughout the season. Under each scenario the annual harvest quota is assumed

extracted in equal proportions by the onshore and at-sea sectors (i.e., PRSS = 0.50). This

assumption enables the effects of the intrinsic characteristics to be isolated from the quota

10
Social preferences are beyond the scope of this analysis. The Council has, however, explicitly stated

their concern for the performance of the onshore sector (PFMC 1993, p. R-4).
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allocation between sectors and, therefore, should not be interpreted as support for the

assumed catch rights allocation. Scenario 5 removes this constraint to allow comparison

of the contemporary and optimal management plans. Results are summarized in table

".4.

Under scenario 1 the quota is harvested as soon as possible; the at-sea Sector

harvests its allocation during the month the season opens and the shore-based sector

continues harvesting through August (due to production constraints). Without intrinsic

quality there is no benefit to delaying harvest, on the contrary, natural mortality increases.

This calendar-independent base case produced an estimated $36.5 million in net present

value from the annual average harvest of 189,000 mt.

If the weight of the individual fish (wa,,j) is allowed to change throughout the

season as estimated (table II. 1), harvest for the onshore sector would not begin until June

and the at-sea processors would harvest their entire quota in October. This second

scenario results in a 9 percent increase in net present value (from $36.5 million to $39.9

million). This solution also indicates that annual harvest would increase 8 percent but the

number of fish harvested would fall 7 percent; therefore, by delaying the harvest, fewer

fish are captured but - since they are heavier - the total harvest quota increases. In

addition, marginal analysis indicates that if weight in October increases by 0.10 kg - that

is, if summer feeding conditions are good - then net present value would be $6.8 million

larger, an increase of 17 percent.

If, on the other hand, the production yields (Yldf,m,) are allowed to change

throughout the season as estimated, net present value increases 57 percent over the base

solution. In this third scenario, harvest occurs even later into the season as compared to



Table 11.4. Scenarios and Optimization Results

a Intraseason allocation (PRMms) multiplied by the catch rights (PRSS). A dash indicates zero harvest in that month.

Scenarios

Intraseason Effort a Fishery Value and Harvest Levels

User Group Apr May Jun Jly Aug Sep Oct NPV DHW H

(percent of total quota harvested by month) (million

US$)

(thousand

mt)
(million

fish)

(1) a and yldf, onshore

at-sea

5.6 12.2

50.0 -

12.8

-

13.2

-

6.2

-

- -

-

36.5 189 1,170

(2) 4'a,,n and yld1ç onshore - - 6.3 10.6 10.7 10.9 11.5 39.9 204 1,085

at-sea - - - - - - 50.0

(3) a and yld,1, onshore

at-sea

- -

- -

0.6

-

11.4

-

12.0

-

12.4

-

13.6

50.0

57.5 174 1,081

(4) a,m and yld,,,f onshore - - 6.3 10.6 10.7 10.9 11.5 66.4 204 1,085

at-sea - - - - - - 50.0

(5) 1a,m and yId,7,j, onshore

at-sea

- -

- -

-

-

-

-

10.6

-

11.4

78.0

68.5 202 1,039
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scenario 2 (which considered only weight effects). In addition, the annual quota actually

decreases by 8 percent as compared to the base scenario. Overall, higher yields

compensate for the extraction of less fish at a later date. The extraction of less fish could

produce a long-run positive "conservation effect" since more fish are left for spawning

and the ecosystem.

The 57 percent, or $21 million, increase over the base case projected by scenario

3 can be decomposed into the separate effects of the intrinsic characteristics using the

marginal values. From April to October protein content increased 0.011 or 1.1 percent

(figure 11.1). Given that the protein coefficient in the surimi yield equation was 1.62,

surimi yield from an improved protein content increased 0.0 178 - nearly 2 percent -

during the season. The marginal value associated with increasing surimi yield indicates

that a 0.01 increase would raise net present value approximately $4.6 million; therefore,

the total effect of an increase in protein content is $8.2 million. A similar analysis for the

effect of protein content via increases in H&G and meal yields produces an increase of

$0.15 and $1.7 million, respectively. Thus, the total present-value effect from flesh

composition - the X2 variables - is approximately $10 million. In terms of the growth

measures - X1 variables - the total effect equals $9.4 million. Collectively these

calculations underestimate the total effect by $1.6 million due to the failure to account for

the onshore sectors' shift in harvest from May to September. Of the $19.4 million

calculated total effect, improvements in proximate composition accounted for 52 percent

and the remaining 48 percent resulted from an increase in the size of the individual fish;

the effect of fish condition (i.e., proximate composition) was slightly larger than, but

roughly equal to, the effect of fish size.



The optimal quota allocation is, however, sensitive to the following assumptions (1) the at-sea meal
recovery rate, (2) the proportion of harvests used to produce H&G by the onshore sector (due to its
relatively high yield), and (3) the recruitment level (since the onshore sector is capacity constrained).
12

To examine the sensitivity of the optimal solution in scenario 5, alternative values are assumed for seven
parameters that were considered important to the solution. The new solutions are compared in Appendix B.
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Under scenario 4, when both the weight and yields are allowed to vary

intraseasonally, net present value increases almost 82 percent over the base solution.

Thus, the joint effect of larger fish which are also in better condition outweighs the

aggregate of the individual effects (9 percent plus 57 percent from scenarios 2 and 3,

respectively). This scenario, like the previous two scenarios, would require the onshore

sector to delay harvest until June and would restrict the offshore sector to harvest in

October. The shift in intra-annual harvest patterns between scenarios 1 and 4 is

graphically presented in figure 11.2. In addition, scenario 4 harvests 85 million fewer

fish, which is nearly one-tenth ofannual recruitment.

The previous scenarios assumed a constant and equal allocation of harvest

proportions across user groups. If the model is allowed to optimally select the allocation

of catch rights, the at-sea sector would receive 78 percent and the onshore sector would

receive 22 percent of the annual quota." Under this scenario, scenario 5, the shore-based

sector would harvest in September and October and the offshore harvest would again be

restricted to October. Despite the dramatic redistribution in catch rights, net present

value increases only 3.2 percent over scenario 4; therefore, given the optimal intraseason

harvest pattern, social welfare is robust to changes in the allocation of catch rights

between sectors.'2



% 60 (a) Scenario 1

40

20

(b) Scenario 4

40
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n
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Harvest Date

Figure 11.2. Intraseason Harvest Schedules when Intrinsic Quality is Held Constant or
Allowed to Vary Throughout the Season, figures II 2.a and II 2b, respectively

Even though net present value is relatively unaffected by changes in the catch

rights allocation, the quantity of the various products produced for the output market and

number of fish harvested are not. If the offshore allocation is increased 28 percent
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Proportion of onshore at-sea

Total Harvest:
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(scenario 5 versus 1), the supply of surimi will increase 8 percent but the supply of H&G

and meal fall 55 percent and 27 percent, respectively. In addition, this new allocation

extracts 45 million (4 percent) fewer fish.

Discussion

This study enhances the realism of commercial fishery analyses by incorporating

stylized facts regarding variable production yields that are similar to analyses of

terrestrial-based agricultural industries. By including additional measures of intrinsic

quality, and using intrinsic quality to explain production yields, the literature on seasonal

harvests of marine species is extended finfish fisheries. The value of this

interdisciplinary, management-level approach for analyzing industries based on growing

and changing marine assets is threefold: (1) it identifies distinct production-related effects

of variable stock condition, (2) it distinguishes effects of catch rights through

incorporation of heterogeneous harvest sectors, and (3) it jointly examines the

management effects of altering catch rights and intraseason effort.

This study found intraseason quality generated higher net benefits than the

allocation of catch rights. The most significant gains were obtained from delaying the

timing of harvest - regardless of the rights allocation - or by restricting the offshore fleet

to harvesting in the last month. This suggests that the rapid extraction of fish- such as

when harvesters must compete for the fish at sea - may not be inherently bad,'3 the

Rapid extraction under an Olympic-style or "race for the resource" fishery, however, can reduce the
ability of slow harvest sectors to make a living, lower fish quality from poor handling, and place crew
safety in danger (Homans and Wilen).
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timing of harvest may be more important. In addition, industry benefits were impacted

more by the yield effect caused by improved flesh composition than by heavier weights at

harvest. Overall, the results indicated that if harvest policies are dictated by the

characteristics of the individual fish, alternative management goals may not be mutually

exclusive. In other words, it may be possible to increase stock size (by reducing the

number of harvested fish), increase the net benefits generated by the industry, and

achieve greater utilization (by increasing recovery rates).

These results can be interpreted by viewing the stock of whiting as a capital asset.

Because it is a renewable resource, the size and value of the asset can grow and change

over time due to biological factors, regulatory decisions, and market conditions (Clark;

Clark and Munro). The harvester - or ultimately the policy makers - must decide on the

timing and quantity of harvests in order to maximize benefits from the asset. This theory

suggests that the fish be inventoried in the ocean both inter- and intraseasonally just as

any other agricultural crop whereby owners balance the risk of loss against future growth

- improved quality, and higher yields. This perspective has particular relevance for

Pacific whiting and similar fisheries given the temporal variability in its characteristics.

Without the pressure to harvest as fast as possible, such as would occur under an

individual quota allocation system, industry participants would be able to delay harvests

and take advantage of intraseason intrinsic improvements that would increase net

revenues (Binkley). With this in mind, the offshore catcher-processor sector of the

Pacific whiting industry agreed to equally divide their 1997 quota of 34 percent among

the participating vessels in order that each operation could determine its optimal

processing schedule. Although not perpetual or transferable, this individual quota



Conrad, J.M. "Management of a Multiple Cohort Fishery: The Hard Clam in Great South
Bay." Amer. J. Agr. Econ. (August 1982): 463-474.
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agreement - dubbed the "Whiting Conservation Cooperative" - is guaranteed by private

contract to be in effect for five years (Seattle Post-Intelligencer, May 31, 1997). In terms

of the future management of the fishery, individual transferable quotas (1TQs) would

allow all sectors of the industry (not just the catcher-processors) to internalize the

opportunity costs associated with intrinsic quality (Squires, Kirkley, and Tisdell). While

each transferable quota system is unique, and the underlying issues inevitably complex,

formally introducing flexibility into the harvest decision should lead the fishery in a more

efficient direction.
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Introduction

Due to a large number of species, product forms, and the heterogeneity of the

harvest, processing, and management sectors, seafood quality is difficult to measure and

standardize; consequently, there are few quality-graded products compared to terrestrial-

based industries (Anderson and Anderson). One exception is a product known as surimi;

a protein paste made from minced fish that is used in the fabrication of final food

products (Sonu). The evaluation of surimi quality and the surimi market is, however,

extremely complicated since the product appears homogeneous and grade standards are

firm specific (Park and Morrissey). In addition, the variation in the condition of the stock

at the time of harvest - like all products derived from 'wild" natural resources - can have

a considerable impact on final product quality, quantity, and value (Sylvia and Larkin).

This additional source of variability suggests that resource management which influences

industry structure, and controls such factors as fishing seasons may, ultimately, have a

significant effect on the value of the resource.

Fish surimi is a unique seafood product because the production process is highly

technical, it is graded on objectively measured quality characteristics, and it is used to

produce hundreds of final products (Sonu; AFDF). However, despite a significant

amount of literature on the microbiological and biochemical issues involved with surimi

production and storage (Hall and Ahmad, references cited therein), few economic studies

exist. The economic studies that have been conducted concentrate primarily on the

markets for the final goods (Sproul and Queirolo; Johnston and Zhang). The value of raw

surimi characteristics has yet to be examined in the literature.

51
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The paucity of economic studies is somewhat surprising given that the majority of

Alaska pollock - the most abundantly harvested species in the United States and the third

most abundantly harvested species in the world - goes into surimi production (Sproul and

Queirolo; NPFMC). The Pacific whiting stock, which is the largest U.S. groundfish

resource south of Alaska, is also used primarily for the production of surimi (Freese,

Glock, and Squires). Consequently, the United States is the world's largest supplier of

surimi, producing nearly 155,000 metric tons (mt) in 1995 (NMFS). In terms of "edible

fish exports" from the United States, surimi is second only to salmon; in 1995, exports

were valued at over $350 million (NMFS).

Surimi-based foods - known as "neriseihin" products in Japan - are commonly

grouped into the following broad categories: kamaboko (steamed), chikuwa (broiled),

satsumaage (fried), fish ham and sausages, and seafood analogs (Sonu; Seafood Leader).

Each type of product requires a specific combination of surimi quality characteristics,

consequently, a wide range of surimi quality is demanded (Sonu; AFDF). In addition, to

achieve the quality required for new products, neriseihin processors have begun to blend

various surimi grades (Park and Morrissey). This production change has increased the

substitutability of raw surimi produced from different species, by different firms, and

using different additives, and places greater emphasis on the individual characteristics

(Marris).

Surimi grades are based on the quantitative measurement of several product

attributes such as color, texture, water content, gelling ability, pH level, and impurities.

Since a common industry grading schedule has not been adopted, each firm decides

which characteristics to include, how they are measured, and the levels and nomenclature
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that define each grade (Park and Morrissey; Marris). Many companies have, however,

adopted the nomenclature and relative rankings of the highest grades (i.e., SA and FA)

developed by the National Surimi Association in Japan (Park and Morrissey). This

means that an identically graded product produced by different companies - or different

vessels (or shore-based plants) operated by the same company - may not be perfect

substitutes. Since some U.S. companies have chosen not to use the Japanese grades, and

the underlying characteristics and levels that define each grade are unknown, averaged

wholesale prices cannot be linked to a pre-defined level of surimi quality. Consequently,

data is not available to analyze the market effects of variations in surimi quality.

The lack of available data has limited previous empirical studies of seafood

quality attributes to the use of conjoint analysis (Anderson and Bettencourt; Sylvia and

Larkin; Halbrendt, Wirth, and Vaughn). Conjoint analysis is a survey-based technique

that uses the stated preferences of hypothetical products to estimate the value of each

characteristic. An alternative approach is to use transactions data - with corresponding

quality measurements - to estimate the implicit price of each attribute (Rosen). This

"hedonic price method" has been successfully applied to several agricultural products

(Goodwin, Holcomb, and Rister; Davis; Ethridge and Neeper; Jordan et al.), but has yet

to be applied to seafood products. This is because the majority of marine-based foods are

not standardized or measured by a set of agreed-upon or binding quality characteristics

(Anderson and Anderson).

The information that can be generated from a hedonic analysis is paramount to the

determination of optimal processing and management plans; that is, plans that maximize

net benefits while conserving and fully utilizing the resource. This is because surimi
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producers and managers of Alaska pollock (Theragra chalcogrammus) and Pacific

whiting (Merluccius productus) resources must understand the economic consequences

of altering product characteristics they control during harvesting, processing, and/or

marketing. Knowledge of economic consequences are especially important given the

potential for increased globalization - through the use of new species and marketing of

new final products - of the industry (Kano). The growth of an international industry

depends on the successful promotion of surimi as a flexible, adaptive, multipurpose input.

An appropriate grading system could be the solution.

The primary objectives of the study are to test quality-related hypotheses

regarding U.S. produced Alaska pollock and Pacific whiting surimi and generate

empirical information needed to determine optimal firm-level processing and resource-

management strategies. Primary, secondary, cross-section, and time-series data are used

to estimate (1) the effect of various producer and management controlled factors on

surimi quality characteristics and (2) the implicit prices of the product characteristics,

grades, production location, and production date.

The remainder of the paper is divided into five sections. The first describes the

data. The second defines surimi quality and quality grades and identifies factors

hypothesized to affect product characteristics. The third section includes the results of

estimating several hedonic equations. Next, the effects of various production and

management decisions on the implicit value of selected characteristics are evaluated. The

results and implications for industry and resource managers are summarized in the final

section.



Data

All surimi producers and neriseihin processors test the individual characteristics

of each lot (Park and Morrissey). National and private laboratories in Japan also collect

and aggregate statistics for internal use. There is, however, no consolidated firm level or

industry data set that is published in either the United States or Japan (Sonu).

Consequently, this study employs four sets of data from both primary and secondary

sources. The variety of data is necessary to examine the issues and hypotheses of

interest.

The three sources of primary data used in this study include: (1) a seafood analog

producer in the United States who purchased multiple grades of pollock surimi from eight

companies - onshore and at-sea operations - between 1988 and 1992 (n=940); (2) a

processor of traditional neriseihin products in Japan who purchased various grades of

onshore and at-sea produced pollock surimi during a two-week period in early 1995

(n=36); and (3) a catcher-processor vessel that produced both pollock and whiting surimi

at-sea in 1994 (n=65l).

The secondary data source was obtained from the National Surimi Association.

This organization computes the monthly average of several characteristics measured on

Alaska pollock surimi processed onshore in Japan. Although not confidential, this data is

not routinely published. Data from the 1983-84 seasons were included in a recent NMFS

report and the 1989-90 data was obtained from a researcher in Japan (n=48).

The following section contains the majority of the discussion and analysis

pertaining to the specific quality characteristics; however, the secondary data is

summarized table 111.1. Unless otherwise specified, these variable definitions are

55



Table 111.1. Characteristic Definitions and Average Quality for Japanese Onshore, Grade 2, Pollock Surimi in 1983-84 and 1989-90

GEL FORCE* DEPTH=gel strength, indicates overall texture + 458.3 472.2

(g.cm)

Sources: Sonu (1984-85), Monthly Working Report of the National Surimi Association (1989-90).
a Change in surimi quality (sq) or price from an increase in the measure (e.g., neriseihin processors do not want to purchase excess water, therefore, a higher
water content indicates a lower quality which is less desirable, ceteris paribus) (Marris). Uncertain effects are associated with characteristics whose "optimal"
level depends on the product being produced; consequently, quality improvements can result from increases or decreases in the measure (Sonu; AFDF).

Asq/AX, 1983-84 1989-90

- 79.3 78.6

+1- 7.41 7.47

N/A 4.89

+1- 22.2 22.0

+ 51.9 52.0

+ 437.5 441.0

+ 1.04 1.06

Characteristic Quality-Price Impact a Average Quality

Definition (unit of measure)

WATER water content (percent by weight, %)

PH pH level

IMPURITY impurities (greater than 2 mm = I point, <2 mm = 0.5 point)

WHITE whiteness (Z value in Cifi X,Y,Z; blue region of spectrum)

LIGHT lightness (L value in L,a,b; 0=black, 100=white)

FORCE force at failure, indicates firmness (g)

DEPTH indentation depth at failure, indicates cohesiveness (cm)
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retained throughout the analysis. Table 111.1 also contains the average characteristic

levels in 1983-84 and 1989-90; comparison of the averages indicates that surimi quality

has remained relatively stable. In addition, table 111.1 identifies - for hypothesis testing -

whether an increase or decrease in the measure of each characteristic represents a quality

improvement.

Surimi Quality

The quality of a given lot of surimi is frequently assessed from basic information such as

species, production location (onshore versus at-sea), and relative grade (Marris; Seafood

Leader). Surimi grades - which typically number from three to six per company - are

commonly based on, at least, the following four characteristics: color, gel strength, water

content, and impurities (Park and Morrissey).'4 Multiple grades result from the

traditional production process and variability in each batch of fish. During the production

process, minced fish is washed repeatedly with water to remove water-soluble proteins,

enzymes, blood, and fat; as washings continue, lower-quality product is funneled out

(Hall and Ahmad; Hawco and Reimer).15 Thus, higher quality surimi is more costly to

produce since it requires additional water, time, and fish (Hawco and Reimer).

Characteristics are typically measured on the raw surimi and after it has been heated or cooled.
Duplicate measures are useful since temperature changes simulate the neriseihin production process and
can be used, therefore, to better predict final product quality (AFDF; Hawco and Reimer).
15 New technologies are being examined and some - including cooking methods, centrifuge, and Alpha
Laval (which increases yields and simplifies the production process) - have already been implemented
(Surimi Market Report, 3/4/98, Fish Information Service). Future studies may need to account for such
technological changes if they become prevalent.



Pollock 0 Whiting

Figure 111.1. Production Distribution Between Grades for Pollock and Whiting Surimi
Manufactured by an At-sea Vessel in 1994

Concluding that pollock surimi is higher quality by comparing the proportion of

lots with the highest grades is only valid if the grades are defined identically between

species. The levels that define the grades for this company in 1994 were, however,

species-specific.'6 Under such circumstances, it is more appropriate to compare the

58

Figure 111.1 summarizes the production by grade of an at-sea vessel that processed

both pollock and whiting surimi in 1994. The names of the grades were changed to

protect the identity of the vessel. In this analysis, "A" represents the highest grade and

"E" the lowest. The figure shows that, the majority of production was graded "B" for

both species. Also, none of the whiting surimi received the highest grade - grade A -

classification. If quality was defined as the proportion of lots graded A or B, then pollock

surimi would have the higher average quality.

t6 According to the technician who supplied the data, there are two reasons for species-specific grade
definitions: (1) they allow the company to produce equal proportions of a certain grade (making it easier to
predict supp'y by grade) from each species and (2) to conform to the expectations of buyers.

E D C B A
Surimi Grade

50%

40%

30%

20%

10%
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levels of the underlying characteristics. Using the majority B grade surimi, the average

attributes for each species are presented in table 111.2.

Table 111.2. Grade Definitions and Average Quality of each Characteristic for the B
Grade Surimi Produced by an At-sea Vessel in 1994

a The vessel manufactured 204 lots of pollock and 123 lots of whiting of this grade.

GEL2 is the gel strength for the cooled surimi, not the raw surimi.

On average, whiting surimi had a lower whiteness score and more impurities from

the addition of the protease inhibitor - required to prevent degradation of the flesh - and

presence of "dark spots" that are unique to the species, respectively. These factors could

further support the claim that Pacific whiting surimi is of lower quality, except that

whiting surimi had (on average) a lower water content. In addition, the grade bounds on

both measures of gel strength are higher for whiting (by 50 and 600 for GEL and GEL2,

respectively). This attribute of the grading system - that is, higher bounds for whiting gel

strength for the B grade - could explain why no lots of whiting surimi received the
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Grade Definition

Average Quality a

(standard deviation)
Characteristic Units pollock whiting pollock whiting

WATER % <75 <75.5 74.6 74.5

(0.47) (0.65)

IMPURITY #/40g <20 <20 6.25 8.25

(2.99) (3.09)

WHITE Z value >49 >48 52.0 46.3

(1.66) (1.06)

GEL gcm >800 >850 1226 1185

(150) (162)

GEL2b gcm > 1200 > 1800 2132 2467

(335) (368)



These statistics are presented and summarized in Appendix C.
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highest grade. Recall also, from table 111.1, that a lower water content and higher gel

strength represent a higher quality product.

As presented in table 111.2, grades are defined by lower or upper bounds on the

levels of selected characteristics. Note that the average level of whiteness for Pacific

whiting surimi falls below the minimum defined for the grade. Given the standard

deviation, the majority of grade B lots of whiting surimi produced by this company in

1994 did not meet the standard; standards, therefore, were not binding for all

characteristics.

Table 111.2 also shows that the standard deviation for impurities - for surimi of

each species - were large relative to the average. This finding reduces the usefulness of

the grade and its representation of accurate information. With the exception of

whiteness, the standard deviations for pollock surimi characteristics were less than those

observed for whiting on this vessel during 1994. Since standard deviations indicate

another aspect of product quality, namely, product quality consistency (an important

factor in modern food production), pollock surimi could be considered of higher quality.

Lastly, there was a relatively large difference between the averages and the grade

definitions for impurities and gel strength. These disparities may reflect the seasonal

variation in average surimi quality; both the average quality within grades and the

proportion of high graded product was seasonal in this data set.'7 Grades, therefore, may

have relatively loose standards for some characteristics in order to incorporate the

inherent seasonal variation - as determined by the quality or condition of the fish at the

time of harvest - in product quality (Hall and Ahmad).



What Determines Surimi Quality?

Several factors have been hypothesized to impact surimi quality. Sproul and

Queirolo claim that quality is determined by the production conditions; specifically, they

argue that the longer the time between harvest and processing - after the fish have gone

through rigor - the lower the quality (hence the perception that at-sea catcher-processors

produce higher quality surimi). The amount of time between harvest and processing

causes the flesh to denature (an increase in the breakdown of proteins), this process can

affect surimi color, impurities, and possibly gel strength (AFDF; Hall and Ahmad;

Hawco and Reimer; Peters). Besides freshness, some researchers believe that other

characteristics of the fish, such as fish size, are important (Sonu; Peters). And, recent

work by Hall and Ahmad and Peters describes how spawning cycles affect biological

condition (i.e., the protein, moisture, and fat content of fish) which, in turn, influences the

water content and gel strength of the surimi. These authors all agree that species is an

important factor; in particular, gel strength and whiteness are - on average - higher for

pollock.

Using the 1994 data from the catcher-processor vessel depicted in figure 111.1, the

following equation was specified to test these hypotheses:

X1 =a +c Z1 +a D+a Z1 D

where i = 1, 2, ..., 5 and represents WATER, IMPURITY, WHITE, GEL, and GEL2,

respectively; the characteristics that this company used to define its grades. The

characteristics (X1) were assumed to be a linear function of the Z1 continuous factors,

where:
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j = 1: HOURS (number of hours the fish were held before processing),

WEIGHT (average weight of the individual fish in grams),

JULIAN (Julian date of production, January 1=1 to December 31=365),

whose effect was assumed to vary by species (D=l for pollock, 0 for whiting). Thus,

interaction terms (Z1 D) were used to obtain the unique effects of time before

processing, fish size, and production date - which can be linked to the spawning cycle -

for pollock surimi.

This linear specification was acceptable for WEIGHT and JULIAN given the data

only covered the fishing season. If data were available over the entire year, such that it

would incorporate periods of spawning and migration, a nonlinear form would be

warranted. In addition, given that this operation waited until the fish were post-rigor

before processing, further processing delays were hypothesized to reduce surimi quality.

If data were available on surimi processed immediately after harvest - or included the

onshore sector that must return to shore - a nonlinear form for HOURS would be

warranted. Nonlinear functions will be examined, however, if the linear forms are found

insignificant.

Given the time series nature of the data, autocorrelation was a concern. Simple

correction techniques assume observations are ordered through time; however, in this

data set, the order of processing within each day was unknown. Nevertheless, using a

similar type of time series data, Ethridge and Davis corrected for first-degree

autocorrelation. Following Ethridge and Davis, and given that the Durbin-Watson (DW)

statistics from the Ordinary Least Squares (OLS) estimations indicated the presence of
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first-degree autocorrelation in each equation, the Yule-Walker estimation technique was

used (SAS). Table 111.3 contains the autocorrelated-corrected estimation results.

In summary, WEIGHT was the only variable to have a statistically significant

affect on the same characteristics - WATER, IMPURITY, and WHITE - on both species

(i.e., Z2 and Z2 . D). No single variable significantly affected all five characteristics.

The interactive dummy variables indicated that the quality of pollock surimi was higher

in terms of water content and gel strength, but lower in terms of impurities. Overall,

species (i.e., D) had the largest effect on the levels of the surimi characteristics; however,

all elasticities of significant variables were close to zero.

The longer the time between harvest and processing, the lower the quality of

whiting surimi in terms of whiteness and gel strength levels. For pollock, increasing the

time improved final gel strength and lowered impurity levels. These improved quality

effects were, however, accompanied by a slight (undesirable) increase in moisture

content. Hence, in order to produce the highest quality surimi - that is, improve the level

of each characteristic - the time fish are held before processing may need to vary by

species.

The heavier the individual pollock, the greater the improvement in the resulting

surimi in terms of water content, impurities, and whiteness levels. This result was

expected since fillet machines work better with larger fish (AFDF; Hall and Ahmad).

Conversely, larger whiting resulted in greater impurities and a lower whiteness value;

most likely because a higher proportion of older whiting have myxosporedea parasites

which can result in a phenomenon referred to as "black spotting" (Alderstein and



a For each equation n=65 I. Standard errors are reported in parentheses. Single, double, and triple asterisks
(*) indicate significance at the 10 percent, 5 percent, and 1 percent level, respectively.
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Table 111.3. Statistical Significance of the Time before Processing, Fish Size, Season, and
Species

Estimated Parameters a

Variables WATER IMPURITY WHITE GEL GEL2

Intercept 77.78*** 3.05 50.41*** 783.5*** 1765.1***

(0.47) (3.27) (1.36) (131.8) (324.5)

Zi HOURS -0.026 -0.034 0.082** 8.29** 23.27**

(0.018) (0.119) (0.039) (4.01) (10.3)

Z2. WEIGHT 0.005*** 0.013** 0.008*** 0.052 0.195

(0.0008) (0.006) (0.002) (0.22) (0.56 1)

Z3 JULIAN 0.004*** -0.007 0.009 2.13*** 2.74***

(0.0008) (0.007) (0.0056) (0.456) (1.03)

POLLOCK _2.75*** 11.72*** -1.877 336.9** 25.64

(0.526) (3.61) (1.597) (150.1) (367.6)

Z1 D 0.047*** 0.369*** 0.065 0.946 29.86***

(0.0202) (0.13) (0.042) (4.37) (11.23)

Z2 D 0.004*** 0.019*** 0.009*** 0.035 -0.153

(0.0008) (0.006) (0.002) (0.237) (0.602)

Z3 D 0.005*** 0.011 0.027*** 1.456*** -1.64

(0.0008) (0.008) (0.006) (0.508) (1.14)

0.29 0.30 0.86 0.66 0.52

DW 2.00 2.36 2.18 2.40 2.38
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Francis). Although this does not affect the functionality of the product, the visible dark

spots are undesirable in final products (Park and Morrissey).

When production occurred later in the year - at a higher Julian date - water

content and gel strength of whiting surimi improved. Conversely, as the season

progressed, water content increased and whiteness and gel strength of pollock surimi both

fell (i.e. quality deteriorated). Season was expected to be important for each species

since the fish experience intrayear biological changes that correspond with spawning and

recovery (Hall and Ahmad).

Hedonic Analyses

Rosen proposed the hedonic method to empirically determine the implicit price of

objectively measured characteristics that - when considered collectively - completely

describe a market product. Since his pioneering work, hedonics has been used to

successfully estimate implicit characteristic prices for various agricultural products

(Jordan et al.; Ethridge and Neeper; Davis). The technique has also been used to examine

the appropriateness of federal food grading systems (Brorsen, Grant, and Rister; Ethridge

and Neeper). Since surimi quality is graded on a subset of characteristics that varies by

company and is measured by both buyers and sellers, the hedonic technique is

particularly appropriate for this product. Also, given the multispecies, multisector,

multiproduct nature of the industry, the hedonic technique can provide unique and

important information for a variety of uses.

In its simplest form, the hedonic regression is specified as: P =f(X) where P is a

vector of prices and X is a matrix of characteristics. This is the equilibrium price
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function for the characteristic X, that is implicit inf(X). Evaluating dP/dX, at observed

characteristic levels generates the implicit price of each characteristic. These prices are

frequently referred to as marginal implicit prices (MIPs) (Rosen). If characteristics are

qualitative and represented by dummy variables, the implicit prices are price differentials

(i.e., premiums or discounts).

According to Ethridge and Davis, product definitions should be truncated to

include only distinct characteristics. This is because a high degree of collinearity

between explanatory variables - indicated by an absolute correlation coefficient above

0.80 - can prevent the estimation of distinct effects (Kennedy). Correlation matrices for

each surimi data set revealed high levels of linear correlation between certain variables,

most notably between identical measures on the raw and heated or cooled surimi

(footnote 14). Consequently, for this analysis, only the characteristics tested on the raw

surimi were included. Among the raw product characteristics, the color measures and the

components of gel strength were highly correlated (i.e., WHITE with LIGHT - which

measure translucency from the blue spectrum and pure whiteness, respectively - and

DEPTH and FORCE with GEL; table 111.1). Since each characteristic is independently

measured and analyzed at a cost by the buyer, all characteristics tested on the raw surimi

were assumed important in the production of the final product. Under such

circumstances, eliminating a characteristic would introduce model specification bias

(Kennedy); therefore, each characteristic measured on the raw surimi was included in the

hedonic specification.

Product characteristics are not the only factors that influence price. Outside

influences such as supply and demand conditions - in different periods or locations -



67

may also be important and can be accounted for with dummy variables (Ethridge and

Davis; Bowman and Ethridge). Dummy and continuous variables can also be used to

account for production information that captures real or perceived quality differences

(Bowman and Ethridge; Goodwin, Holcomb, and Rister; Ethridge and Neeper). In this

study, dummy variables (D) were defined for different surimi grades, processing

locations, and years. Continuous variables (Z) were defined for information such as

processing date. The general hedonic specification is P =f(X, D, Z); however, the exact

set of variables depends on the data available from each source.

In order to estimate the hedonic equation, a functional form needs to be specified.

Unfortunately, economic theory does not specify a correct functional form for hedonic

equations (Jordan et al.). In order to use hedonic results effectively in the second stage -

that is, to estimate the supply andlor demand for each characteristic - nonlinearity is

frequently imposed (Bowman and Ethridge; Beach and Carison). In this study, linearity

was assumed to be appropriate because: (1) only the first-stage hedonic estimates are

desired (Bowman and Ethridge); (2) dummy variables are included (Beach and Carison);

and (3) the linear form produces the smallest maximum bias if the function is

misspecified (Davis).

Two hedonic analyses were conducted. The first used transactions data provided

by a producer of traditional Japanese neriseihin products (primarily kamaboko). The

second used transaction data from a U.S. producer of seafood analogs (primarily

imitation crab). Each data set was used to test and compare the variety of hypotheses

outlined earlier (and summarized in table 111.1).
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Traditional Neriseihin Producer (Japan)

The data set from the neriseihin processor in Japan included price, grade, and

quality measurements on 36 lots of pollock surimi purchased from multiple U.S.

producers in mid-January 1995. Given the short time period during which purchases

were made, the market conditions were assumed constant between sales.

The MIPs of the qualitative and continuous descriptors (Dk and Z, respectively)

and the surimi characteristics (X,) were compared between four different model

specifications: (1) P =f(D), (2) P =f(D, Z), (3) P =f(X), and (4) P =f(D, Z, X),

where: Dk=3 (D,=1 if grade A, D2=l if grade B, D3=l if produced at-sea; else=O)

zj=1 (JULIAN date of production)

X18 (WATER, PH, IMPURITY, WHITE, LIGHT, FORCE, DEPTH, GEL)

The base product, represented by zero values of the three dummy variables, is a grade C

surimi produced onshore.

Grades were defined across company because each used the traditional

nomenclature and ranking system. Company-specific effects were dropped from the

equation after preliminary analysis indicated that (1) company dummies had no

statistically significant affect on price and (2) the MIPs for each characteristic were not

company-specific. The alternative specifications were needed to test the hypotheses

regarding the relative importance of different types of information (Brorsen, Grant, and

Rister; Stiegart and Blanc), for example, that grades alone can adequately explain price.

Given the cross-section time-series nature of the data, simple regression

techniques were initially considered inappropriate. For example, a correction for non-

similar variances would be necessary if the explanatory power of the model varied by
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producer. According to Marris, company preferences are primarily based on a reputation

for quality consistency in all attributes; if so, heteroskedasticity would not be correlated

with any particular variable in the model, and (at least in large samples) the OLS

computations would not be misleading (Greene). Given the large sample size - and the

results of the preliminary analysis - it was, therefore, unnecessary to correct for

heteroskedasticity.

Moreover, we did not correct for autocorrelation because (1) all lots were

purchased at effectively the same time, (2) the lots were tested in random order, and (3)

production did not occur at regular intervals throughout the year. As for

multicollinearity, relatively high correlation coefficients were found between WHITE and

LIGHT (0.94), FORCE and GEL (0.94), JULIAN and LIGHT (0.78), and JULIAN and

GEL (0.77). Since there is no guaranteed correction for this problem, the equations were

estimated using OLS. Table 111.4 contains the OLS regression results for each model.

Given that the OLS technique appeared to adequately pull apart individual explanatory

effects for equation 3, multicollinearity between characteristics was not perceived as a

significant problem.

The dummy variables representing grade and production location explained only

40 percent of the variation in price (equation 1). This result is somewhat surprising since

the grade-price relationship is frequently emphasized in the literature (Park and

Morrissey; Seafood Leader; Marris). Perhaps more surprising is the higher coefficient on

the lower grade. This could be due to the market conditions at the time of purchase (e.g.,

relatively low supply) or the need for the characteristic levels offered in the B grade by

some of the suppliers. In terms of the production location, surimi produced at-sea was



Table 111.4. Hedonic Results for Surimi Purchased by a Manufacturer of Traditional
Products

a Price measured in yen per kilogram. All equations were estimated with 36 observations. Standard errors
are reported in parentheses. Single, double, and triple asterisks (*) denote significance at the 10 percent, 5
percent, and 1 percent level, respectively.
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Parameter Estimates a

Variable Average (1) (2) (3) (4)

Intercept 320.00*** 282.62*** 586.67*** -93.16
(9.14) (2.92) (238.8) (217.7)

D'1:ATSEA 0.54 15.29** 13.93*** 10.95***
(7.18) (1.84) (3.35)

D'2:GRADEA 0.58 20.00* 55.11*** 45.41***
(11.19) (3.30) (5.99)

D'3:GRADEB 0.36 39.61*** 51.25*** 42.41***
(9.82) (2.57) (5.93)

ZiJULIAN 78.1 0.17*** 0.155***
(0.008) (0.022)

Xj: WATER 74.7 -1.45 0.11

(1.29) (0.95)

X2 PH 7.3 46.97*** -2.27
(12.73) (17.8)

X3 IMPURITY 2.6 0.59 0.30
(0.55) (0.29)

X4 WHITE 53.0 7.67*** 1.98

(1.64) (1.18)

X5.LIGHT 78.4 14.41*** 5.16***

(2.36) (1.72)

X6:FORCE 763.3 0.914*** 0.117
(0.14) (0.145)

X7:DEPTH 1.4 441.7*** 60.25
(65.8) (73.08)

X8:GEL 1,091.8 0.607*** -0.074
(0.095) (0.098)

R2 0.40 0.96 0.93 0.98

F-value 7.01*** 194.46*** 4454*** 133.5***
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paid a higher price as predicted (Park and Morrissey; Sproul and Queirolo; Johnston and

Zhang). Given the relatively low explanatory power, grade and production location do

not appear to adequately explain surimi price. These results may be tenuous due to the

possibility of model misspecification.

Perhaps the most influential variable was the date of production; including the

Julian date in equation 2 increased the explanatory power of the model from 40 percent to

96 percent. This variable indicates that surimi processed later in the season was paid a

higher price. This could be due to perceived or actual quality differences. For example,

surimi processed later in the season would have been frozen for a shorter period of time,

which many perceive to be an indication of higher quality (Marris). While quality

deteriorates during freezing (Lanier and MacDonald), the effects may not be significant

since surimi can maintain its functionality for over a year while frozen (Hall and Ahmad).

Conversely, the effect of this variable could be representing the observed seasonal

reduction in the standard deviations of each characteristic.

Equation 3 indicates that the surimi characteristics explained 93 percent of the

price variation. The surimi characteristics were, therefore, a much better indication of

quality than the grade or whether production occurred at-sea (equation 1). Comparison

with equation 2 reveals that the importance of Julian date was the result of improvements

in the quality characteristics; that is, price increased seasonally because quality attributes

increased.

The high explanatory power of equation 3 suggests that the linear functional form

was reasonable. In addition, given that 75 percent of the characteristics were significant

in this equation, including the collinear attributes was appropriate. Specifically, six of the
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eight characteristics were significant and five had the expected sign (table 111.1). Gel

strength - the interaction variable - was expected to be positive; however, given the

inclusion of the force and depth measures this value is acceptable. The gel strength

coefficient reduces (but not offsets) the increase in price predicted from improvements in

the underlying components.'8 Overall, these results have important implications for

grading schedules. For example, using LIGHT or WHITE as a proxy for color, or GEL

as a proxy for overall texture (and ignoring the underlying force and depth measures)

may be insufficient or misleading given the unique explanatory power of each variable.

Price elasticity estimates are frequently used to compare price effects by assuming

an equal percentage increase in each explanatory variable. Using the coefficients from

equation 3, the following elasticities were calculated at the averages: water content (-0.3),

pH (-1.0), impurity count (0), whiteness (-1.2), lightness (3.2), force (2.0), depth (1.8),

gel (-1.9). Overall, lightness had the largest effect; a 1 percent increase in the LIGHT

measurement would increase price 3.2 percent. Note that the elasticities for force, depth,

and gel need to be interpreted simultaneously.

These price elasticities are not, however, an effective means to compare the price

effects of surimi characteristics due to the wide variation in some of the measures. In

particular, the standard deviations range from one-half to ten times the 1 percent change

assumed using the elasticities (similar to table 111.2). Alternatively, we assumed a one

standard deviation improvement (not increase) in the level of each variable in order to

18
An unreported fifth equation excluded the interactive gel strength variable and lightness. With an R2'd of

0.66, only the water content, pH, and force characteristics (3 out of 6) were significant (each significant
variable was significant at the 1 percent level). The intercept was also significant at the 1 percent level and
positive. FORCE was also positive as initially hypothesized (table III.!).
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standardize the comparisons. The largest price effects were from the components of gel

strength; depth and force improvements - equal to one standard deviation - would

increase price 9.5 percent and 8.4 percent, respectively. The effects of the color variables

were identical, a one standard deviation improvement resulted in equal 5.3 percent price

increases. The next largest effect was produced by a decrease in pH (1.3 percent). The

insignificant variables, water content and impurities, had only minimal effects (0.4

percent and 0.3 percent respectively). These variables may be insignificant due to their

relatively small deviations in the data; consequently, their effects may be underestimated.

When all of the independent variables were included (equation 4), the explained

price variation increased to 98 percent. As with equation 2 and as expected, the highest

grade surimi - grade A - was paid a higher premium (although only slightly). The

remaining production-related variables (i.e., at-sea, grade B, and Julian date) remained

significant and robust compared to the model specification that excluded the

characteristics (equation 2). The characteristics were, however, not robust to the

inclusion of the additional variables (equation 3 versus equation 4). In general, the

coefficients (i.e., implicit prices) were smaller in the model that included all variables

(equation 4). The moderately high correlations between Julian date and three of the

characteristics - lightness (0.78), gel strength (0.77), and whiteness (0.59) - may have

prevented the regressions from estimating statistically significant individual price effects.

Seafood Analog Producer (U.S.)

The U.S. seafood analog producer bought 940 lots of pollock surimi of various

grades from eight U.S. companies (onshore and at-sea) between 1988 and 1992. Seafood
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analogs were produced year-round such that surimi was purchased for immediate use and

quality testing occurred soon after. Following equation 4 of the previous section, the

general model was: P =f(D1, D2, Z, X, D23.X) where the dummy variables were

redefined as follows:

D'k, (D'1=1 if produced at-sea; else=0)

D2k (D21=1 if 1989, D22=1 if 1990, D23=l if 1991, D24=1 if 1992; else=O).

Following Ethridge and Neeper, an interaction term between the characteristics and a

dummy variable was used to account for a change in the market during the sample

period; in particular, the tight supply and corresponding price increase that characterized

the market in 1991 (Sproul and Queirolo; Johnston and Zhang).

As specified, the model estimated price differentials for production location and

year. Separate equations for each year were not estimated because (1) there were not

enough observations for 1992 and (2) an F-statistic of 23.94 indicated that the estimated

parameters across 1988-1990 were not statistically different. Similarly, seasonal price

differences were not estimated due to perfect collinearity. In addition, dummy variables

for grade could not be included because the number and names of grades varied across

producers. Consequently, company dummy variables were not included since they would

reflect differences in average surimi quality sold, which are already accounted for with

the characteristics.'9 Autocorrelation was suspected and supported with a Durbin-Watson

' Ideally, there would have been sufficient data to include both grade - defined by dummy variables for
each company - and company over the 5-year modeling horizon. Assuming that multicollinearity would
not be a significant problem, and the abundance of results could be effectively presented, such an analysis
would warrant an additional manuscript with distinct objectives. Given the "spotty" nature of purchases by
company and grade from each potential supplier, the data was insufficient to include this information.



test; consequently, the model was estimated using the Yule-Walker technique.

Estimation results are presented in table 111.5.

Table 111.5. Hedonic Results for Surimi Purchased by an Analog Producer

a Price is in cents per pound and is deflated by the producer price index for intermediate goods (January
1988 = 100). Equation R2=0.78, DW=1.78, n=940. Single, double and triple asterisks (*) indicate
significance at the 10 percent, 5 percent, and 1 percent level respectively.
b IMPURITY is defined on an 11-point scale (0-10) with 10 representing the lowest level of impurities
(highest quality); therefore, a positive sign is expected (opposite of table 111.4).
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Xi WATER -2.03 * * * X .D23 0.20
(0.40) (1.50)

X2 PH 2.68 X2 .D23 _5.0* * *

X3 IMPURITY
b

(2.92)

1.76*** X3 D23

(1.52)

(0.67) (2.56)

X4 WHITE _9.71*** X4 .D3 _12.16**
(2.19) (5.58)

X5 LIGHT 1 1.43*** X5 D3 7.80
(2.17) (5.38)

X6 FORCE 0.128*** X6D23 0.042
(0.042) (0.084)

X7 DEPTH 14.35 X7D23 28.11
(9.37) (20.06)

X8 GEL 0.062* * X8D23 0.027
(0.03) (0.061)

Variable

Parameter Estimate

(standard deviation) Variable

Parameter Estimate

(standard deviation)

Intercept a 57.40 rt2
1 1: 1989

(49.0) (1.78)
7ti

1: ATSEA 0.39 2D 2: 1990 _19.3***
(1.26) (2.34)

Zi: JULIAN 0.011* 2
D 3: 1991 111.4**

(0.0068) (51.3)

rt211 4: 1992 50.14***
(13.22)
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Overall, the explanatory variables explained 78 percent of the total variation in

price. The water content, impurities, color, force, and gel strength variables were all

significant and were consistent with the estimation of the hedonic regression of equation

3 in table 111.4. The relative price responsiveness of the characteristics were also similar.

Assuming average values, lightness had the highest elasticity (10.6), followed by

whiteness (-9) and water content (-1.8). The remaining characteristics had elasticities

less than 0.5 percent. Again, the largest price response resulted from improvements in

the color variables. Using the standard deviations method of examining price effects, a

one standard deviation improvement in the color characteristics increased price from 21

percent to 24 percent (WHITE and LIGHT, respectively). The next largest price

response was generated from an improvement in gel strength - through changes in force

or depth - which would increase price from 4 percent to 10 percent, respectively.

It is important to recall that the estimated implicit prices are likely dependent on

the type of analog product being produced and the current market for this product. Using

the data supplied for this study, the individual characteristics had a greater influence on

the price of surimi destined for use in seafood analogs - such as imitation crab (table

111.5) - than on surimi purchased for traditional Japanese products (primarily kamaboko,

table 111.4). It is notable that the results are remarkably similar despite differences in

time, end product, testing procedures and equipment, and estimation techniques.

The dummy variables representing years 1989 through 1992 were all significant

indicating the presence of other factors which influenced the general level of price

between years (Ethridge and Davis). The largest effect was due to the 1991 dummy

variable indicating a significant price jump. This corresponds to reported prices which
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increased approximately 75 percent during 1991 (Sproul and Queirolo; Seafood Leader).

In addition to the large price increase, the implicit prices of pH, impurities, and whiteness

all changed. This result suggests that when prices are high (e.g., due to short supply), the

relative importance of certain quality characteristics are affected. In 1991, high pH

levels, fewer impurities, an increased whiteness reduced prices relatively more than in the

other years (as evidenced by the negative signs on the 1991 shifter variables in table

111.5). For the harvester and surimi processor, the implication is that strategies may have

to be altered in order to maximize benefits if market conditions change. In other words,

poor market conditions may limit the willingness of processors to improve the overall

quality of their product - or emphasize alternative characteristics - since buyers may be

less willing to pay for the highest quality product they need.

Implications

In the first stage of this analysis, several producer and public management

controlled factors were used to explain variation in surimi quality characteristics. In the

second stage, transaction prices were used to estimate the MIPs of these characteristics

and other factors hypothesized to influence price. Collectively, these results are

important to fishery managers, fishermen, and surimi processors since: (1) fishery

management plans include allocations among harvest sectors that are partially based on

assumed price and quality differences; (2) pollock and whiting seasons (which are

determined by management regulations) occasionally overlap; (3) seasonal intrinsic

quality variation affects post-harvest and post-processing product quality and, therefore,

price; (4) surimi is an optional product form; and (5) surimi quality can be controlled.
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Since GEL2 did not appear in the hedonic regression, it could not be included.
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For example, using the empirical results from the first and second stage, assume a

whiting surimi processor reduced the time fish are held before processing by one hour

(9.7 percent). Then the levels of each characteristic (i.e., WATER, IMPURITY, WHITE, GEL

and GEL2) would fall by amounts equal to the estimated coefficients (table 111.3). Further

assuming mid-season production aboard an at-sea vessel, the total price effect from

changes in the level of this production-controlled variable can be determined by the

following equation:

=
j=HOURS

In this case, the change in the level of the variable, /ZiHOURS, equals one. The average

hedonic price elasticities of each surimi characteristic, for sales to a U.S. seafood analog

producer, e, can be calculated from table 111.5.20 The hedonic price elasticities were

used in place of the coefficients due to the use of different data. Using these parameters,

reducing the time in the hold by one hour would increase surimi price by 3.9 cents per

pound. A similar analysis can be conducted for each variable affected by fishery

regulations. For example, if Pacific whiting managers delay the season opening such that

average fish size increases by 50 grams (8.4 percent), surimi price is predicted to increase

5.2 cents per pound.



Summary

Surimi quality - as defined by the levels of selected attributes - was found to play

a critical role in the determination of the transaction price. Seasonal differences in

average quality, production by grade, and quality variation by species were also

discovered. Firm-specific grading schedules were also species-specific, but not

necessarily binding. Given the consistency of results across time, species, and production

location, certain characteristics (e.g., gel strength) appear to be desirable for multiple uses

and robust to changing market conditions.

The empirical hedonic analyses - the first of a marine-based product - found that

(1) grade and production location (onshore, at-sea) did not adequately explain price

variation (R2=O.40); (2) surimi characteristics have substantial explanatory power

(R2=O.93); (3) implicit prices varied across buyers, but the color and gel strength

measures remained high in both specifications; and (4) the implicit prices of certain

characteristics (pH, impurities, color) were affected by significant changes in the general

price level (e.g., 1991). In addition, the number of characteristics that had a statistically

significant affect on price was greater than the number traditionally used to determine the

grade.

in general, the hedonic analyses supported the hypothesis that surimi is a

multiattribute product; that is, one or two product characteristics are insufficient to

determine the overall surimi quality and price. Consequently, the traditional quality

evaluation system - that relies solely on grade, production location, and species (without

revealing test results or production date) - may be insufficient for conveying accurate

quality information. With inaccurate or insufficient quality information, surimi price will

79
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not reflect the true value of the input; input price distortions can cause suboptimal

allocation of resources and possibly market failure.

According to Hall and Ahmad, "as the applications for surimi increase and more

species are investigated to fit them (or vice versa), the quality criteria will change" (p.86).

Neriseihin producers have already begun blending grades to create a product with the

desired characteristics (Park and Morrissey). In response, researchers at North Carolina

State University have drafted guidelines for a new system to evaluate surimi quality

(AFDF). This system specifies methods to quantify the functionality of surimi for a

variety of uses. There are many who "believe that unless the proposed specifications are

adopted, the U.S. surimi industry will be hampered in its efforts to enter the mainstream

of the U.S. food industry" (AFDF, p. IV-2). In addition, "it is important for buyers to

know exactly what they are receiving as it is for sellers to receive a fair price for their

product" (Park and Morrissey, p.69); especially for small producers that may be unable to

fund an aggressive marketing campaign.

Replacing the hierarchical ranking of grades with a system that provides more

information on a wider variety of characteristics would enable processors to easily

evaluate the product before purchase. Consequently, the proposed system should require

disclosure of testing methods, average measurements, tolerances, and ingredients. In

addition, the traditional reasons that justify common grading systems are also applicable:

(1) to reduce search costs associated with collecting product information from alternative

suppliers; (2) to increase industry returns by eliminating costly duplicated testing, and (3)

to facilitate the collection and dissemination of market information. Despite the

difficulties of establishing common standards, a standardized grading system remains a
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potentially necessary component of this industry for long-run success in the competitive

market for food products (Park and Morrissey; AFDF).

Aside from the potential private benefits associated with a standardized quality

evaluation system, corresponding market information can greatly improve the ability of

harvesters to target fish of the desired quality (that maximize the benefits of the

resource). Given the importance of the date of production to surimi quality and price -

and that incorporating production date accounted for some of the quality variation - a

flexible harvest season could significantly increase benefits from improved surimi quality

and price. In addition, the inherent complexity of quality - particularly for "wild"

products - and the diverse set of factors that affect surimi quality, increases the potential

benefits of a flexible harvest period. Such flexibility could be achieved through

implementation of an Individual Transferable Quota (1TQ) system or other system that

provides individual firms with the flexibility to select optimal harvesting strategies. This

type of a management structure would improve efficiency by eliminating the Olympic-

style harvest strategy.
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Introduction

According to the Magnuson-Stevens Fishery Conservation and Management Act,

the 'optimal' (i.e., benefit-maximizing) management plan for a U.S. fishery should

consider - in addition to conservation - economic factors and resource utilization (Public

Law 94-265). The fundamental component of many management plans is the annual

quota; a total harvest constraint that is often estimated years in advance using estimates of

long-run growth. If successful, aggregate quotas afford some measure of stock

protection, but do little to maximize other benefits from the resource. The magnitude of

benefits derived from the resource is, however, strongly affected by the inherent

seasonality of wild stocks.

Unlike pure chemical substances, which always have the same
composition, the musculature of a fish enfolds a variety of constantly
changing interactive systems. The balance between these systems can
vary widely without causing the death of the fish but, after capture and
killing, the variations are often found to have influenced the acceptability
of the flesh as food for human consumption. They can also affect its
suitability for processing. [Love, p.l}.

Since it is impossible to fully control the intrinsic quality of fish caught in the

wild, fisheries are at a disadvantage vis-à-vis industries producing, processing, and

distributing cultured product (Connell). Nevertheless, a certain amount of control is

possible. For species that experience identifiable cyclical changes in physiological

condition, optimal resource use will be affected by the intraseason timing of harvest

(Sylvia, Larkin, and Morrissey; Blomo et al.).

The "time of capture problem" was succinctly summarized by Wilson over 25

years ago. He argued that observable growth and stock heterogeneity suggests:

that there should be an economically optimal time of harvest as in a forest
or feedlot, for example. Harvesting strategies that do not approximate the
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optimal time of harvest presumably forego certain social benefits that
could be produced by the fishery. There is a market impairment if it
appears that economical rules can be found to reduce the amount of
foregone benefit (p. 428).

Several researchers have since developed bioeconomic models - integrating

population dynamics with the economics of harvesting and the product markets - to

derive the "econon-iically optimal time of harvest" suggested by Wilson. The earliest

seasonal bioeconomic studies incorporated intraseason growth. In particular, Flaaten

defined four different cyclical growth specifications - as represented by a generic

"intrinsic growth rate" variable - to derive and compare optimal stock paths. In general,

the optimal fishing strategy was found to be a combination of bang-bang adjustment (in

the first period) and singular control. In contrast to the unregulated fishery, the optimal

fishing season was later and, thus, necessarily shorter; in addition, the optimal level of the

fishstock and the harvest would vary during the season. Although Flaaten's theoretical

study was primarily intended for "lower level species in the marine ecosystems," the

models are applicable to a variety of species.

Aside from incorporating seasonal growth of stock biomass into determining

optimal harvest plans, several researchers have proposed endogenizing product price by

specifying price as a function of individual growth (Anderson; Bjørndal 1988; Bjørndal

1990). In addition, several empirical bioeconomic models estimated the optimal

intraseason timing of harvest - using the endogenous price specification - for shrimp and

scallop fisheries (Hochman et al.; Kellogg, Easley, and Johnson; Onal et al.; Agnello and

Donnelley; Christensen and Vestergaard). Each study concluded that harvests should be

delayed in order to capture heavier individuals that would command higher unit prices.
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These early studies essentially used weight as a proxy for intraseason growth and quality

improvements that directly affect price.

For several species, however, heavier weights can represent an increased water

content or gonadal development; in these cases 'weight will increase even though it has

not added new body tissue" (Busacker, Adelman, and Goolish). Conversely, weight may

not change with a significant change in flesh composition; for example, the water and fat

content of herring (as a percentage of body weight) are inversely related and can vary by

over 20 percent while the total body weight remains constant (Connell). These scenarios

illustrate that, for some species and circumstances, weight may be a misleading or

inadequate proxy for growth.

Despite the plethora of bioeconomic models that predict intraseason harvests

based on (1) seasonal changes in weight and/or (2) a positive weight-price relationship,

few studies have incorporated the distinct characteristics of seasonal growth. This is

surprising given the abundance of literature that outlines the existence and importance of

intraseasonal changes in intrinsic fish quality. One exception is a recent study by Sylvia,

Larkin, and Morrissey who used flesh composition to explain processor yields. They

found that seasonal variation in intrinsic quality significantly affected social benefits by

altering the harvest schedule. Overall, the literature has largely neglected the

independent and potentially significant additional effects on final product quality,

quantity, and value of intrinsic fish quality (Connell; COFREPECHE; Sylvia).

In this paper, we formally examine the assertion that coordinating the intra- and

interseason harvest schedule with cyclical changes in biological growth and intrinsic

quality would improve the benefits derived from exploiting the Pacific whiting resource.
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The harvest as defined in equation I corresponds to the summation of variable DHW in Chapter II across

months and harvest sectors; this variable is essentially the total allowable catch or TAC for the season.
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We do this by explicitly incorporating intrinsic fish quality into a standard bioeconomic

fisheries model that includes the harvest and processing sectors (Clark and Munro; Clark

1985; Clark 1990). This model - developed in the following section - includes an

endogenous yield equation that is common in traditional models of agricultural crops.

The underlying seasonal growth specifications closely resemble fisheries models defined

independently by Flaaten (using time-dependent intrinsic growth) and Bjørndal (using

time-dependent individual weight gain). In the third section, the model is adapted to

empirically evaluate the management of the U.S. Pacific whiting fishery. The fourth

section contains a summary of the results. The final discussion generalizes the

implications for future management of wild-stock fishery resources in the United States.

Theoretical Model

Intraseason Component

Using a simplified Beverton-Holt specification, which is commonly used in

single-cohort fisheries models (Bjørndal 1990), the total harvest at time t is:

(1) H(t) = N e_Mt . w(t)

N(t)w(t)

This specification assumes that the size of the cohort is known at the beginning of the

season, that is, N(0) = N. Aside from direct relevance to aquaculture operations (which
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release a given number of fish at the beginning of each season, t = 0), several commercial

fisheries implicitly rely on this specification when the stock-recruit relationship is weak

or unknown. In such fisheries, the total number of fish available for harvest during the

season is estimated - often several years in advance - and multiplied by the average

weight (w) of the individual fish from historical harvest data to determine the total

harvest quota. This is how the annual quota is determined in the Pacific whiting fishery,

that is, .H(t) Nw(0). With this approach, relatively low weights are used since

historical harvests have occurred quickly after the season opening.

During the season, natural mortality occurs at the constant instantaneous rate of

M, 0 and weight is assumed to increase at a decreasing rate (i.e., w' or ii > 0

and w" <0). The potential harvest season, from t = 0 to t = T, can be defined by a

number of factors; poor weather or - as in the case of Pacific whiting - seasonal

spawning and migration, may prevent harvest after T. For other species, harvest may

occur continuously (i.e., T = 365 days).

The harvest is assumed sold on a competitive market to processors who process

the raw fish into product for sale at the wholesale level. Assuming the market for the raw

fish is competitive, its price will equal the harvesting cost and the net revenue in the

fishery can be represented in a single equation (Clark 1990),

(2) z (t) = ( . p - c) . H(t).

The production yield, a converts the total harvest weight into processed weight

(0 1); this parameter is also known as the "recovery factor" (Clark and Munro).

The processed product is produced at a total cost of c - representing the combined

harvest and processing expenses - and sold at a constant price (p) on a competitive
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market. Following Clark, the net unit price or "net biovalue" of the cohort is represented

by the parameter V:

V=ap-c.

From the view of a single decision maker, the optimal harvest time, t, is

determined by maximizing the net present value (NPV) of the cohort:

Maximize NPV = f ,r(t) e_ötdt

where 8 is the instantaneous discount rate relevant for the processing sector (0 1).

Since the net biovalue is constant, the implicit expression for the optimal harvest time -

the "Golden Rule" - is independent of V(Conrad and Clark):

M=8
w(t)

The optimal time of harvest occurs when the relative growth rate less the rate of natural

mortality (net marginal benefit from delaying harvest) equals the discount rate (marginal

cost). An optimum is ensured since the growth rate was assumed to decrease over time,

satisfying the second-order condition.

In this specification, the marginal benefit is independent of the net biovalue; if

fish size influences price, however, studies which ignore this effect can involve several

types of bias (Gates). Bjørndal (1988, 1990) formally incorporated this effect by

assuming p(w) and price increases with weight, p'(w) > 0. Using this alternative

specification,

V(t) = a p(w(t)) - c

the Golden Rule is reformulated:



V(t) i'(t)-+- M=8.
V(t) w(t)

This implicit equation is unique from previous specifications (e.g., Bjørndal 1990;

Clark) in that the net biovalue includes the processor yield, costs, and an endogenous

price. The net marginal benefit in equation 7 consists of three components: (1) the

proportionate increase in net biovalue caused by weight gain:

ap(w(t*))
. * w(t) /

V(t ) aw(t ) '. p w
V(t*) op(w(t*))_c a'pc

which is positive given the previous assumptions; (2) the relative growth rate (/w); and

(3) the natural mortality rate. Marginal cost, equal to the discount rate, is unchanged.

Assuming the price function is linear (p' = 0), the solution to equation 7 is

determined by the intersection of the constant marginal cost and the non-linear (convex)

downward sloping net marginal benefit curve; these specifications also guarantee a

maximum solution. Incorporating a direct price effect from weight gain, shifts the

marginal revenue curve up and delays the optimal harvest date.

While this model specification may be adequate for some fisheries, weight may

be an inaccurate, misleading, or incomplete measure of growth for the majority of

finfishes.

It has long been known that in all species of fish, seasonal changes in
certain bodily characteristics occur. At certain times ordinary fish appear
thinner, flabbier, and less lively than others, the flesh being more watery
and softer and containing less protein and fat. Fish of this kind is said to
be in poor 'condition' or 'out of season'; it has poor sales appeal and gives
lower yields. [Connell, p. 8].

To account for fish "condition" at harvest, z(t) is defined as the intrinsic quality. This

measure of quality is assumed to improve during the harvest season, but at a decreasing
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rate (i.e., z'(t) or > 0 and z"(t) <0, respectively).22 "By intrinsic quality is meant the

sum of attributes that are inherent in the harvested raw material" (Connell, p. 4). It is

important to include this effect since "seasonal cyclical changes in flesh composition are

observed in all species, though less noticeable in some shellfish" (Connell, p. 9). In

addition, according to Love, fishing seasons should be coordinated with the spawning

cycle since it has the most "radical" effect on condition.

To incorporate the hypothesized price effect related to fish condition, intrinsic

quality is assumed to directly impact price: p(w(t), z(t)). In addition, "two intrinsic

factors that influence yield are the size of the fish (large sizes give a higher yield than

small, other things being equal) and the biological condition (plump fish give a higher

yield than thin)" (Connell, p. 119). Consequently, weight and intrinsic quality are also

assumed to affect the recovery factor: a= c4w(t), z(t)); specifically, processor yields will

improve as the season progresses (a'> 0) due to increases in both the condition and size

of the fish, and vice versa (Hall and Ahmad). Lastly, we assume a negative rate of

increase in price and yield from intrinsic quality improvements, that is, d' <0.

Collectively, incorporating intrinsic quality alters the net biovalue accordingly:

(9) V(t) = a(w(t), z(t)) p(w(t), z(t)) - c

The unit cost is assumed to remain constant for simplicity; however, there is evidence to

suggest that is some cases there will be an inverse relationship with intrinsic quality

(which would strengthen the analysis). According to Connell, handling costs per unit

22
Assuming intrinsic quality increases during the season is acceptable in this intraseason specification

when harvests are restricted to the seasonal post-spawn feeding period; however, a model that includes an
entire biological cycle would include periods when z'<= 0. This topic is discussed later in the paper.
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** **

** a(w(t ),z(t )).
(lOa)

V(t )

V(t**)

+

p(w(t**), z(t*))
. **

p(w(t**), z(t*))
. **w(t )+ z(tw(t**) az(t*)

cx(w(t**), z(t**)). p(w(t**), z(t**)) - C

** **
ce(w(t ), z(t )) . p(w(t **), z(t*)) - C

The marginal improvement in net biovalue (the numerator) consists of four effects: (1) an

increase in weight that increases price, (2) an improvement in intrinsic quality that

increases price, (3) an increase in weight that increases processor yields, and (4) a higher

intrinsic quality that increases processor yields, respectively. Since equation 10 differs

from equation 8, there will be a new optimal harvest time, t. Given the linearity of the

price function, and the assumptions that yield and weight increase at a decreasing rate,

the additional second-order conditions that ensure a maximum are satisfied (i.e., V' <0).
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weight are lower for large fish; this is because, according to Love, the muscle of large

fish is "intrinsically toughert' resulting in lower losses during processing. In addition,

"improved quality of the raw fish may contribute to lower processing costs to the extent

that it results in less waste, easier handling, and higher yields per fish" (MacDonald and

Mazany, p. 285). If, as these authors suggest, the predominant benefit - from changes in

weight, intrinsic quality, or both - is the improvement in production yields, the

endogenous yield specification (included in equation 9) will capture many of the cost

savings. In such cases, a separate cost effect would double-count the benefits. Given that

there has been little, if any, economic analysis of these types of "costs," this analysis

assumes a constant specification.

Using the net biovalue of equation 9, the rate of increase in net biovalue becomes:

I ** ** ** **ia(w(t . z(t 1) aa(w(t . zU



V(t**) ap-c
where each function is evaluated at the optimal time, t'. The first two terms in the

numerator represent the increase in biovalue due to an increase in weight; weight affects

the net biovalue through changes in both price and production yields. The second two

terms in the numerator represent the corresponding effects for improvements in the

intrinsic quality of the fish. Each effect is positive given their assumed properties, thus,

**
V(t )

V(t*)

V(t ) V(t)

the relative rate of change in net biovalue is higher when yields are affected by fish size

and intrinsic quality is included. With a higher marginal revenue and constant marginal

Cost, the optimal time to harvest is delayed even further, t > t.

Delaying the intraseason timing of harvest to in response to an improved

intrinsic quality would, thus, "consider efficiency in the utilization of fishery resources'

to "provide the greatest overall benefit to the Nation" as allowed by the Magnuson-

Stevens Act. This is because, for example, higher yields improve efficiency by reducing

waste and - effectively - increasing utilization of the harvest.
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To further examine these four effects and compare with the original specification

in equation 8, equation lOa is rearranged and simplified by letting a single prime

represent the first-derivative with respect to the subscripted variable:

(lOb)
V(t**) (ap+ap).+(a.p+a.p).



Interseason Component

The Golden Rule provides the solution to the optimal control problem; it states

that the optimal level of the stock occurs at that time when the own rate of interest of the

resource (marginal benefit) equals the social discount rate (marginal cost). The Golden

Rule is an implicit equation for the optimal level (i.e., 'singular" solution) of the stock

(Conrad and Clark). The singular solution is the result of an objective function that is

linear in harvest (II) such that the optimal harvest rate is either 0 or H,,,, a "bang-bang'

solution. By incorporating an endogenous intrinsic growth rate, Flaaten found that the

own rate of interest of the resource varies over time. Consequently, the optimal stock

size is not constant. Assuming there is a unique solution at every t, the optimal stock size

traces out an optimal path and the intra- and intertemporal solutions predict harvest over

t, not for a t. The existence of an optimal path extends to our analysis, which includes an

endogenous rate of intrinsic quality (in addition to the intrinsic growth rate).

The proof of an optimal path versus a single point in time is relegated to

Appendix D. The proof is also extended to show the circumstances under which season

length would increase. The optimal control model of Appendix D - which is based on

original work by Flaaten - is also used to consider the interseason problem; that is, the

long-run stock effect of intraseason growth and intrinsic quality changes. As a preview,

there is a predicted increase in the equilibrium stock size. The model that integrates!

extends the intraseason model into the interseason framework is the focus of this section.

Recall that in the intraseason scenario, the number of fish harvested equaled the

number recruited less natural mortality. In the interseason scenario, some fish need to be
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left for spawning at the end of each season. Consequently, only a fraction of the stock

can be harvested; this fraction is known as the fishing mortality rate, F:

H(t) = F(t)N(t).w(t)

Equation 11 is the interseason counterpart to equation 1. In addition to stock size and

individual weight, harvest in period t - where time t now represents the long-run (e.g.,

years) - depends on fishing mortality. The discrete-time analog of equation 11 exhibits

several desirable properties, which may account for its popularity (Christensen and

Vestergaard; Blomo et al.; Dorn et al; Onal et al.; Gilbert):

F;
FI (1_e_M)).N,.w1

F+M I

With this specification, it is impossible to harvest more than the current biomass (N1.w).

The natural mortality rate is interpreted as an instantaneous rate, it is added to the

instantaneous fishing mortality rate (F1) to determine total mortality. Harvest, measured

in weight, equals the proportion of fish that died from fishing effort (i.e., F/(F+M)), times

the number of fish that died during the period (i.e., (le'+M)).N).

The explicit fishing mortality function can assume several forms. Some common

factors that are assumed to influence F1 include: (1) catchability, (2) fishing effort, (3)

selectivity, (4) seasonal migration, and/or (5) the size of the spawning biomass.23 In

addition, several studies use the fishing mortality rate estimated from long-run population

simulations as a parameter or constraint (Francis; Campbell, Hand, and Smith;

Christensen and Vestergaard; Gilbert). We do not specify an explicit form of the fishing
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23
For example, the Cobb-Douglas is a recognizable form of the production function where

H(t)=qE(t)N(t)1w(t), which assumes that fishing mortality equals "catchability" (q) times fishing effort
(E) (Conrad and Clark).
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mortality function (1) due to the plethora of possible specifications, (2) due to the

popularity of employing a constraint to ensure some fish will survive in to the next

period, and (3) to avoid increased and unnecessary complexity.

The interseason population dynamics:

(13) =N, e_(M) +R,1

specify that the stock size in any given year is dependent on fishing mortality and natural

mortality in the previous year and current year recruitment. Recruitment can be

deterministic (e.g., independent of stock size) or stochastic. Deterministic recruitment is

routinely assumed when the stock-recruit relationship is weak or unknown, such as in the

Pacific whiting fishery (Dorn et al.). In addition, the independence assumption is

standard within the Beverton-Holt paradigm - assumed in equation 1 - that is frequently

employed in empirical studies (Blomo et al; Methot and Dorn; Christensen and

Vestergaard; Gilbert).

The intraseason dynamics - as presented in the previous section - are easily

integrated into the interseason model. In the integrated model, time will represent the

intraseason units; in particular, the empirical application tracks the stock across months.

The objective function appears as in equation 4. The intraseason weight and intrinsic

quality variables are incorporated with econometrically-estimated equations of their

growth over time (specified in the following section). These equations predict linear and

non-linear changes during the possible seven-month harvest season (from April through

October). During the remaining months, size and quality are assumed constant. One

season represents one calendar year (with both fishing and non-fishing "subseasons").

With this integrated specification - where both intra- and interseason dynamics are
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modeled - any factor that improves optimal resource use within a season can have long-

run effects on the fishery. These potential long-run effects were shown in Appendix D.

Empirical Application and Data

The bioeconomic model is applied to the Pacific whiting (Merluccius productus)

fishery. Since Pacific whiting are cod-like fish that spawn annually and experience

noticeable seasonal changes in intrinsic quality, the fishery provides a good case study

with which to test some of the hypotheses generated from incorporating intrinsic quality

(Sylvia, Larkin, and Morrissey).

Pacific whiting is the largest commercial groundfish stock managed by the Pacific

Fishery Management Council and the largest U.S. commercial stock south of Alaska

(Freese, Glock, and Squires). The stock is currently fully utilized. According to the

recent Report on the Status of Fisheries of the United States prepared by the National

Marine Fisheries Service, the stock is not 'overfished' nor is it expected to be in the

future given the continued stock protection measures. In particular, the fishery operates

under a total harvest quota system where the quotas are calculated from constraints on the

fishing mortality rate (Fe). Although the quota is allocated among groups, group

members must still compete (i.e., race) for harvests.24

In the empirical bioeconomic model specification that follows, lower and upper

case letters are used to define exogenous (or estimated) parameters and endogenous

24 In 1997, the at-sea sector formed the Pacific Whiting Conservation Cooperative (PWCC) to formally
allocate the annual at-sea quota among the vessels that hold a limited-entry permit. This arrangement has
effectively eliminated the race to harvest for this sector (PWCC Newsletter, May 1998).
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variables, respectively. Variables retain their previous definition unless otherwise

specified. The model moves across months (denoted by m, m = 1, 2, ... 12) and into

successive years (denoted by y, y = 1, 2, ... 10), these subscripts represent time (t) in the

intra- and interseason components, respectively. The initial stock size (the number of

fish in the first month of the first year, N1 ,,) is composed of fourteen cohorts

denoted by a (a = 2, 3, ..., 15). The intrayear (intraseason) dynamics are determined by

the following equation:

Nvrn+ij = N11 e_M)

The interyear (interseason) dynamics move the stock into subsequent years by

advancing the age of each cohort and adding annual recruitment. The interseason

equation is similar to, but more complex than, equation 14 and thus is not presented.

Recruitment occurs in January of each year. The level of recruitment is deterministic but

based on the observed historical pattern (Dorn et al., Table 19).

Fishing mortality is assumed proportional to size of the spawning biomass (SB):

Fy,j, = (f ° SBy,71_j) S Oyrn

byf° where spawning biomass is defined as the weight of the sexually mature females in

January. Assuming fishing mortality is proportional to the size of the spawning biomass

provides an added measure of stock protection since fishing mortality will fall if the

spawning biomass is reduced. Since fishing effort affects each cohort differently, total

fishing mortality is modified by selectivity-at-age, s, to account for variations in the

susceptibility of each cohort to fishing pressure. Fishing mortality is allocated across the

harvest months within each year using 0, which is constrained to one in each year. Since



harvest is only possible during the seven-month feeding period from April through

October when the stock is present in harvestable concentrations, is set to zero in the

remaining months.

The fishing mortality rate determines harvests in the following manner:

(16) Nynia
Fvma I (F. 0+M,)

e ).W
F'nIa + Jim?

)

ma

Equation 16 is the operational equivalent of equation 12 and intraseason growth:

(17)

is age-specific. The explanatory variables are linear and nonlinear functions of time (i.e.,

ga(m), quadratic or logarithmic) such that the coefficients represent growth rates

(BjØrndal 1988). When summed over months and cohorts, equation 16 provides the

annual harvest quota or total allowable catch (TAC). Weight-at-age data were obtained

from Dorn and the estimated regressions were presented in table 11.1 (Chapter II).

Intrinsic quality, z,, is represented by measures of flesh composition and size. The

data was collected and provided by the Oregon State University Seafood Laboratory.

Measures of flesh composition include the portion of weight attributable to protein,

water, and fat (i= pro, wat,fat, respectively). Measures of size include the ratio of weight

to length (i=wl) and the condition factor (i=cJ) which is the ratio of weight to length

cubed. These modified weight measures are better proxies (then just weight) for size in

terms of the effect on secondary processing (Busacker, Adelman, and Goolish).

Intraseason changes are assumed to follow a trend-stationary process during the harvest

season.
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25
Only one measure of each type of intrinsic quality characteristic is needed since the measures are

interdependent. Multiple measures are defined since the relative importance of each may vary by product
form.
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Production yields for the various product forms were estimated as a function of

two variables, one measure of flesh composition and one measure of size, following the

specification justified in equation 9:

o,,, 2 + A, z,,,,

f denotes the alternative product forms, namely: surimi, headed and gutted (H&G), fillets,

and fish meal. Correlation coefficients were used to determine the explanatory variables

included in equation 18.25

Product prices were assumed invariant to quantity since Pacific whiting is a small

proportion of total product supply (Freese, Glock, and Squires). The intraseason price of

surimi was, however, assumed affected by its characteristics that are measured and used

to determine its grade (Park and Morrissey). The estimated hedonic price function:

Pf=suri,ni,n, = 1O +
k

was based on four surimi characteristics, Yk: moisture content, gel strength, whiteness,

and lightness (k = moi, gel, whi, hg, respectively). Moreover, the intraseason variability

in each characteristic was estimated as a function of the intrinsic quality characteristics:

Y'c,m o+°i Zifl,

where the explanatory variables were decided by estimated correlation coefficients. The

hedonic price function (equation 19) and the equations specifying the characteristics



(equation 20) were estimated as a system using the Seemingly Unrelated Regressions

(SUR) technique. The data sources and estimation details are provided in table IV. 1.

Industry profits, previously represented by ,r(t), now reflect the net present value,

NPV, generated by the fishery over a longer time horizon:

(21) NPV= Cf)f
f a
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NPV is calculated as the sum of annual net benefits - gross revenues less variable costs -

discounted at öover 10 years. This is the long-run equivalent of equation 4 were the net

biovalue is a function of time as specified in equation 9. The total harvest is multiplied

by the proportion of harvest used to produce to each product form, sz, which is

constrained by processing and market constraints (Sylvia, Larkin, and Morrissey).

Harvest and processing costs, specified by product form (Cf), were obtained from a recent

study by Freese, Glock, and Squires. The use of constant costs implies a constant returns

to scale technology. In addition, since these estimated costs excluded capital costs (i.e.,

average fixed costs) due to the lack of data, the maximized NPV may overestimate

returns to the industry and society.

The model, as specified, represented a U.S. industry that consisted of only one

type of harvest-processing technology. The model, as estimated, included multiple user

groups (e.g., at-sea and onshore) and the Canadian industry. For the purposes of this

paper, these omissions are not believed to detract from the results or conclusions. The

complete program in GAMS, including the estimated equations and parameters, is

presented in Appendix E. The program specifies a "DNLP" - dynamic non-linear

program - model that will be optimized using the MINOS solution algorithm.



Table IV. 1. Estimated Intraseason Equations

a
Time is indexed by harvest month (ni = 4, 5, ... 7) and variable names are shortened to similify notation.

Estimation techniques and data for z and care described in Chapter II. R2's for equations estimated as a
system represent the explained variation in the underlying OLS equations. The hedonic and Yk equations
were estimated as a system (R2=O.85) using weekly averaged data from (1) an at-sea producer of whiting
surimi, (2) the Oregon State University Seafood Laboratory, and (3) a U.S. producer of seafood analogs (a
whiting price differential was based on the reported average annual price in 1994).
b

The intercept includes information from coefficients estimated but not included in this table. Only
characteristics estimated as a function of intrinsic quality are included. Other characteristics estimated
were the pH level and number of impurities in the sample. Price is measured in cents per pound.
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Dependent Variable Estimation Resuitsa

R2Symbol Mean (t-values)

Zi=protein 0.161 O.l47+0.002m 0.87
(7.35) (6.67)

Zj=wcuer 0.826 0.806 - 0.011 m + 0.05 ln(m) 0.98
(4.03) (-2.75) (2.50)

Zj=fat 0.0 13 0.00249 - 0.0059 m + 0.00 1057 m2 0.96
(1.66) (-2.95) (2.11)

Zi=condjtjon factor 0.609 0.395 3 + 0.0305 m 0.96
(2.08) (10.2)

Zi=weight-length ratio 12.35 8.832 + 0.5032 m 0.93
(2.05) (8.39)

af=surimj 0.153 -O.l748+1.6l9pro +0.11 cf 0.95
(-1.68) (1.91) (1.86)

arfih,ets 0.257 0.245 + 6.732fat - 0.0061 wi 0.82
(2.82) (3.19) (-0.76)

0.589 0.l39+1.89lpro+0.2394cf 0.84
(0.32) (3.20) (1.00)

Yk=,noisture content 74.6 - 0.228 + 57.28 pro + 79.48 wat 0.21
(-0.02) (3.38) (5.72)

Yk=gel strength 1134 24514- 19042 pro -24594 wat 0.34
(8.03) (-5.57) (-7.74)

Yk= whiteness 47.1 69.67 + 52.1 pro - 37.5 wat 0.22
(4.11) (3.87) (-2.01)

Yk= lightness 72.1 67.9+319.7fat 0.66
(337.4) (15.3)

Pj=suri,ni 92.0 728b - 1.67 moi + 0.152 gel - 0.574 whi + 0.14 hg 0.84
(2.0) (-2.53) (2.48) (-0.74) (3.14)



Empirical Results

Optimization results were compared across two scenarios. The first scenario

imposed the observed intraseason harvest pattern; that is, the status quo fishery under

total quota management as existed in 1996. Under this scenario, nearly 65 percent of the

average total allowable catch (TA C) in each year was harvested during April, the first

month of the season. The remaining 35 percent was evenly distributed between May,

June, and July.26 This scenario, which represents the current management of the fishery,

was then compared with the optimal (NP V-maximizing) management plan.

The solution to the optimal second scenario represents a "proposed' management

plan that provides for a potential Pareto improvement. Under the proposed plan,

approximately 75 percent of the annual TAC, on average, would be harvested in October.

The remaining harvest would occur during July (5 percent), August (11 percent), and

September (12 percent). In general, adopting the proposed management plan would

require a delay in the season opening in each year.

Aside from changing the optimal intraseason harvest schedule, incorporating

intrinsic quality had several additional effects (as predicted by the theoretical model).

The magnitude of these effects was determined by comparing the solutions to the two

scenarios; these solutions are summarized in table IV.2.
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26 This scenario is similar to Scenario (1) graphed in Figure 11.2(a). The majority is harvested in April since
the at-sea sector has large harvest capacity. The solutions differ since the allocation between the harvest
sectors was held constant in Chapter II but is unconstrained here.



Table IV.2. Comparison of Current and Proposed Management Plans

a This scenario differs from those in table 11.4 since in this chapter the time horizon was longer and surimi
price was assumed constant across sectors.

In summary, incorporating intrinsic quality improved (1) resource conservation,

(2) utilization of the resource, and (3) the value of the fishery. Recall that these three

factors were identified as critical elements of any 'optimal' management plan as defined

in the Magnuson-Stevens Act. The estimated complementary relationship between these

factors could provide sufficient justification for changing the management of this fishery.

In terms of conservation, the model implicitly protected the stock by assuming a

variable fishing mortality rate that was proportional to the spawning biomass. Over the

modeling horizon, the proposed fishery management plan would further aid conservation

by extracting 10 percent fewer fish. This reduced exploitation, in turn, would slightly
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Management Goals

Management Plan

Current a Proposed Relative Change

(1) Conservation

Average Annual Harvest:

TAC.. 225,100 mt 253,000 mt + 12 %

Number Harvested:

513.7 million 461.7 million - 10 %

Ending Spawning Biomass:

SB)10 1,015 million 1,028 million + 1 %

(2) Utilization (ci)

f=surimi 14.0% 17.4% +24%

f= H&G 56.4 % 61.4 % + 9 %
f=fihlets 23.5 % 27.2 % + 16 %

f= meal andojl 9.8% 11.0% + 12%

(3) Economic Value

NPV $ 121.4 million $ 263.5 million + 117 %
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increase the size of the spawning biomass in the final year (and the equilibrium stock size

as shown in Appendix D). Despite this increased level of conservation, the average

annual quota (TAC) would increase by 12 percent. The increased quota level results from

harvesting later in the season when fish are heavier, on average (i.e., w'> 0).

Regarding utilization, delaying the intraseason timing of harvest would allow

flesh condition to improve and individual size to increase (i.e., z'> 0). These changes

would, in turn, positively influence production yields, from 9 percent to 24 percent (in

absolute value) depending on the product form (i.e., a'> 0). Note that the model

predicted surimi yields to be the most affected; this is important because the majority of

the TAC is directed toward surimi production (Freese, Glock, and Squires).

The value of the fishery, the third management objective examined, would

increase from approximately $120 million to over $260 million (117 percent) if the

proposed plan is adopted over a ten-year horizon. Given the magnitude of increase in

average TAC and processor yields, the projected increase in the value of the fishery is

significant but not unreasonable.

Using sensitivity analysis, the aggregate effects of improved intrinsic quality

presented in table IV.2 (approximately $142 million) were decomposed into the distinct

effects of changes in (1) weight, w (2) surimi price, p , and (3) production yields, a'

three of the four effects identified in equation 10. The fourth effect, the price-weight

relationship, p 'a,, was not included since (1) size premiums have not been observed in the

marketplace for whiting H&G or fillets and (2) these products are only produced by the

onshore sector and in very limited quantities. The three estimated effects are identified in

figure IV.1.
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Figure IV. 1. Relative Contribution of Season-dependent Parameters to Increased NPV

Improvements in processing yields provided the majority (38 percent) of the

additional NPV. Surimi price also accounted for a significant portion (25 percent) net

benefits and weight contributed just 6 percent to the increased value of the harvests. The

joint effects of improvements in each factor accounted for the remaining 31 percent.

Summary and Discussion

The interseason problem for cultured stocks consists of a series of identical

investments where the optimal harvest date is advanced when multiple seasons are

considered. This is because net benefits increase when older cohorts - characterized by

slower growth rates - are replaced (at the optimal date) with rapidly growing recruits

(Bjørndal 1990). Without such direct control, the interseason problem for commercial

marine fisheries, especially those where harvest is not possible during certain periods of

the year, is different. Observed Olympic-style harvesting - that is, fast and competitive
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extraction following the opening date - is a result of the regulatory environment (i.e.,

lack of appropriate property rights), not the desire to "make room for another crop."

According to Blomo et al., "preliminary analysis indicates that the seasonal

distribution of effort, as well as its magnitude, has an important effect on the efficiency of

the fishery" (p. 123). This is because the intrinsic quality of fish - that is, the sum of

attributes inherent in the raw material at harvest (prior to handling) - indirectly affects the

value of the industry by influencing the choice of final product form, production yields,

and product price. In particular, the intraseason analysis showed that the optimal harvest

date may be delayed when additional "growth" factors - such as intrinsic quality - are

considered. In addition, according to the interseason analysis, harvest strategies that

account for intrinsic growth can increase the equilibrium stock size and annual harvests.

The empirical analysis supported these theoretical findings.

In many fisheries, the intraseason timing of harvest is disregarded by management

in order that other more contentious issues (such as quota allocation among competing

harvest sectors) are addressed. Failure to consider intraseason variability in the intrinsic

quality of the raw fish, however, results in suboptimal management of fast-growing or

rapidly changing stocks. The result is foregone benefits both to society and the general

ecosystem (Wilson). More importantly, management objectives involving resource

conservation, economic value, and efficient utilization of marine resources (as provided

in the Magnuson-Stevens Act) may not be mutually exclusive as often portrayed. The

analysis shows that if intraseason harvest patterns are dictated by the characteristics of

the individual fish, objectives are complementary.
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We conclude that scheduling harvests to coincide with intraseason improvements

in intrinsic quality will increase long-run net benefits without compromising (and

probably enhancing) stock levels. Although, we consider corrective management plans

to capture the increased rents, we also need to warn that corrective regulations are likely

to be difficult to apply in practice due to the highly complex and interactive effects

resulting from intrinsic quality characteristics. Consequently, micro-management by a

centralized authority - such as the Pacific Fishery Management Council - would be

complicated. Conversely, a transferable rights-based management strategy would allow

the industry to internalize the opportunity costs of the inherently complex biological and

economic issues associated with intrinsic quality.
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Introduction

Total harvest quotas are a common component of contemporary management

plans. A total quota specifies the maximum quantity of a species that can be landed

during a season. This type of quota is frequently referred to as the total allowable catch

or TAC. The purpose of a TAC is to protect a portion of the stock for population

regeneration. An aggregate total quota - although effective at restricting harvests -

produces a race-for-the-resource extraction strategy whereby fishers compete for the

quota. Fisheries managed in such a manner are referred to as "Olympic-style" and are

frequently characterized by the following: (1) overcapitalization, (2) poor product quality,

(3) market gluts, and (4) compromised crew safety (Homans and Wilen; Squires, Kirkley,

and Tisdell).

To combat the socially undesirable characteristics of an aggregate quota system,

fisheries managers have adopted additional regulations designed to slow harvests, for

example: daily catch limits, gear restrictions, entry conditions, and season and area

closures. Regulations that alter the seasonal harvest pattern are - effectively -

intraseason quotas.

In addition to aggregate and intraseason quotas, the contemporary management of

many species is dominated by concerns for the economic well-being of harvesters. This

is evident when there are several competing harvest groups such as onshore versus at-sea

or commercial versus recreational and aboriginal users. In the Pacific whiting fishery, for

example, "the Council believes maintenance of a robust shore-based whiting fishery is

essential for the preservation of the structure-of the west coast groundfish fishery and the

west coast fishing industry in general" (PFMC, p. R-4). The Council, in this case the
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Pacific Fishery Management Council, is the regulatory body that divides the total annual

quota between catcher vessels - that deliver fish shoreside for processing - and factory-

trawlers that harvest and process at sea. According to Freese, Glock, and Squires, these

competing sectors differ in harvest speed, capacity, the type of products produced,

production efficiency, and final product quality. Consequently, the quota allocation will

affect the total quantity, variety, and value of products in the marketplace.

The Pacific Council - through Amendment 4 (Section 2.1) of the Pacific

Groundfish Management Plan - has also defined three broad objectives to be used in

developing the appropriate management plan. These objectives include: (1) preventing

overfishing, (2) maximizing the value of the groundfish resource as a whole, and (3)

achieving the maximum yield. Given the heterogeneity between competing user groups,

a change in the relative importance of these objectives would be expected to affect the

optimal - net present value maximizing - management plan (e.g., TAC, sector allocation,

and/or harvest season).

Examination of a fishery characterized by multiple objectives may be best

accomplished using a dynamic bioeconomic model (Sylvia and Enriquez). Such a model

simultaneously considers the biological dynamics of the stock with the economics of

current and future exploitation. Consequently, it also allows resource managers to

compare the effects - through changes in the net present value of the fishery and optimal

management plan - of alternative biological, economic, or policy assumptions.

This analysis used the empirical model of the Pacific whiting fishery developed in

Chapter IV to analyze the effects of altering the recruitment specification, overall level of

intrinsic quality, and the policy objective. This model is briefly described in the
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following section; however, interested readers are referred to Chapter IV for further

detail. Six scenarios are examined in total. In addition to the base model (Scenario A),

two scenarios assume alternative recruitment specifications (Scenarios B and C) and one

assumes interyear variation in intrinsic quality (Scenario D). Scenarios B, C, and D -

which examine the sensitivity of the model to important biological parameters - are

followed by two scenarios that examine sensitivity to the policy-objective. In particular,

scenarios E and F assume different weights on two (competing) objective functions,

namely: net present value and total output.

Following a brief description of the model and baseline results, the biological and

policy objective scenarios are examined in turn. Scenarios are compared by the changes

in the optimal management plan which consists of four types of "quotas": (1) annual

TAC; (2) annual sector-specific allocations; (3) intraseason sector-specific harvest

patterns; and (4) annual sector-specific processing portfolios (i.e., the proportion of

harvests directed toward each product form).27 The quotas in 2, 3, and 4 are estimated as

distribution parameters; multiplication of the optimal distributions - between sectors,

seasons, and product forms - by the TAC generates the quotas in landed weight. A

concluding discussion relates the results to current trends in contemporary fisheries

management including the development of a rights-based quota system.

27
This fourth quota can be distinguished as a 'private' quota and as such, it is unlikely to become part of a

management plan. It is included with "public" quotas for distinguishing this aspect of production as an
endogenous variable, which is affected by the levels of quotas 1-3.



Model Description and Baseline Results

The base model maximizes the discounted net present value of the fishery over a

10-year management horizon. The fishery consists of fifteen harvestable cohorts. The

numbers of fish at age are exogenous and the recruitment of the youngest cohort in each

year is assumed deterministic (equal to the observed series). The model moves across

months and into successive years according to the assumed natural mortality rate and the

fishing mortality rate (which is capped at each age). Fishing mortality is proportional to

the size of the spawning biomass; this specification allows for higher (lower) exploitation

rates at higher (lower) stock levels. The harvested fish - number at age in each month -

are multiplied by the weight at age for the month(s) of harvest and summed to determine

the total monthly and annual quota.

The total annual quota is then divided between the onshore and offshore sectors

based on the most efficient type of operation as determined by differences in production

yields and capacity, harvesting and processing costs, and product prices. A total of four

different product forms can be produced namely, surimi, headed and gutted (H&G),

fillets, and fish meal - with varying market and production constraints.

The solution to the unconstrained, or baseline, model is summarized in table

V.1 28 The net present value of returns over the 10-year management horizon (NPV)

would equal nearly $350 million from the harvest of 4.5 million fish. This total catch

translates into almost 700,000 metric tons (mt) of finished product, of which surimi

117

28 The model in Chapter IV assumed a three year time horizon with a median annual recruitment and
common surimi price (across sectors). These assumptions are not maintained in this chapter; therefore, the
optimal solution should differ.
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accounted for nearly 60 percent. Collectively, H&G and fillets accounted for 35 percent

of total production; production of these relatively high-yield product forms was limited

due to demand constraints. On average, 250,000 mt would be harvested annually by,

primarily, the offshore sector (which is assumed to only produce surimi and fish meal).

Table V.!. Summary of Optimal Solution Over 10-year Planning Horizon

Scenario A
Variables Units of Measure Baseline Results

Net Present Value million $U.S. $ 347

Total Production thousand mt 694

Number Harvested million fish 4,499

Management Plan:

Average Annual TAC thousand mt 251

Average Annual Sector Allocation: percent of TAC

Onshore 15%

At-sea 85%

Average Annual Harvest Season months October

Average Processing Portfolio:

Surimi percent of total 59 %

Meal production by 26 %

H&G weight 9 %

Fillets 6 %

Figure V.1 graphs the annual quota and sector allocation for this scenario

(Scenario A). The offshore sector receives a larger allocation (85 percent, on average)

because it has the ability to harvest unlimited quantities in any one month. As intrinsic

quality improves over time, late season harvests become more attractive and only the



offshore sector is able to postpone its entire allocation until October. By October, surimi

price has increased to its highest level. Since the offshore sector is assumed to receivean

$0.11 per pound price premium - due to its ability to process rapidly at-sea and,

therefore, produce a higher quality product - industry returns are higher if surimi is

produced by the offshore sector (Freese, Glock, and Squires).
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(1,000 mt)

500 -

450

400 -

350 -

300 -

250 -

200 -

150 -

100 -

50 -

0

Year

Figure V.1. The Relationship Between Annual TAC and the Proportion of the TAC
Harvested by the Onshore Sector

According to figure V.1, the TAC and onshore allocation appear to be inversely

related, especially at the extremes. As the harvest quantity available to the entire fishery

increases, the onshore sector begins to face processing capacity and market constraints -
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for the H&G and fillet products - such that allocation to the onshore sector falls.29

Conversely, in years of low TAC, the onshore sector receives a higher portion of the

quota because of a higher meal recovery rate and the ability to process H&G and fillets

which have relatively high recovery rates; in addition, fillets receive a relatively high

price.

In summary, the optimal solution dictates that the onshore allocation vary from 0

percent to 60 percent between seasons (figure V.1). Management may be reluctant to

approve such a variable pattern, instead opting for a fixed annual allocation. If the

onshore proportion is fixed at the 10-year average predicted by the unconstrained model

(i.e., 15 percent), the values of each summary statistic - as presented in table V.1 -

change by less than 1 percent. Despite the insignificant effect on total production

quantity, overall production by the onshore sector would increase 17 percent. This

allocation and subsequent production change favors the onshore sector with little effect

on the offshore sector. The model is robust to variability in the sector-specific annual

allocation because the marginal values associated with changing the percentage allocation

to each sector are relatively small. This indicates that the economics of each type of

operation - that is, the efficiency of producing the various product forms - are similar. In

addition, in each year (with the exception of year 4) only a few percentage points are

being transferred.

29 Onshore capacity was held constant to adhere to the current limited entry regulations in the Fishery.
Onshore capacity was increased, however, and effectively unrestricted, in a scenario examined in Appendix
B to Chapter II (Table B.1).



Biological Sensitivity

The baseline solution (Scenario A) is compared to the results from three

additional runs with different by biological assumptions. Scenarios B, C, and D examine

alternative recruitment specifications - by size and pattern - and level of intrinsic quality,

respectively. The results are summarized in table V.2.

Table V.2. Optimal Solutions Obtained Under Alternative Recruitment Assumptions and
Improved Intrinsic Quality
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(3) Average Annual Harvest Season

(4) Average Processing Portfolio:

October October October

Surimi 54 % 67 % 74 %

Meal 25 % 25 % 26 %

H&G 13% 5% 0%

Fillets 8% 3% 0%

Variables

Scenario B Scenario C Scenario D

Constant
Recruitment

Variable
Recruitment
(new pattern)

Improved
Intrinsic
Quality

Net Present Value (million U.S. $) $ 196 $ 624 $ 556

Total Production (1,000 mt) 379 1,153 741

Number Harvested (1,000 fish) 2,238 8,035 4,487

Management Plan:

(1) Average Annual TAC (1,000 mt) 130 451 251

(2) Average Annual Sector Allocation:

Onshore 18 % 6% 10%

At-sea 82 % 94% 90%
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Contemporary management relies on stock estimates derived from models that

assume future annual recruitment will equal the historical median value; however, the

stock exhibits highly variable recruitment with a large year-classes occurring every three

to four years (PFMC). The baseline model in Scenario A used the observed series.

Scenario B uses the historical median - as does contemporary management - which is

less than half of the average of the stochastic series used in the base model. Using this

constant conservative level of recruitment has the predictable effects of reducing harvest

numbers, annual TAC, and total production (each by approximately 45 percent). In turn,

industry rents decline 43 percent to just $196 million. In terms of the management plan,

the average TAC is dramatically reduced but the levels of the remaining quotas are

maintained. Aside from the average TAC reduction, the interyear pattern also changes.

Moreover, although the conservation measures remain unviolated, the level of female

spawning biomass also declines. Given that the actual stock exhibits highly variable

recruitment, it may be realistic and appropriate to avoid the use of median or average

values in long-run analysis.

In Scenario C, the assumed recruitment pattern is altered to reflect a more

optimistic series; a relatively large year class enters the model in the first year. The same

recruitment pattern and values were used, only the starting point was changed. By

allowing the model to exploit a large year-class earlier, the average annual TAC

increased 80 percent. In addition to larger harvests, the relative production of surimi

increased as the onshore sectors portion of the TAC was reduced by over half due to

capacity limitations.
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Scenario D examined another optimistic scenario. The stock is assumed to arrive

at the summer feeding grounds in better condition. In particular, protein content - as a

percentage of weight - is assumed 1.5 percent higher throughout the season. This

increase displaces, or reduces, moisture content by an equal amount. This change in flesh

composition will affect processing efficiency as the intercepts in the yield equations

change; at the extremes, H&G yield falls 2.2 percent - in absolute value - while the fillet

yield increases 4.9 percent. For example, the April yield for H&G equaled 56 percent

and the new yield is 53.8 percent. In addition, since a high moisture content is

undesirable for producing high-grade surimi, a lower moisture content increases surimi

price approximately $0.06 per pound (using the results from Chapter III).

The intrinsic quality improvements in Scenario D increased the proportion of

surimi produced from 59 percent to 74 percent and totally displaced H&G and fillet

production. In addition, the offshore quota increased. Most notably, these changes

increase net present value 60 percent and total production 7 percent without changing the

number of fish harvested. In reality, the fishery experiences interyear variability in

intrinsic quality at the traditional start date, therefore, a more realistic solution would fall

between the conservative and optimistic solutions compared in this paper; that is, the

range predicted by Scenarios A and D, respectively.

in each of the scenarios examined thus far, harvest was postponed as long as

possible; the majority of harvesting would occur in October, the last possible month (due

to migratory patterns). The remaining harvests occur between July, August, and

September by the onshore sector. The optimal intraseason timing of extraction is,
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therefore, robust to the biological factors considered (i.e., recruitment specification and

early-season intrinsic quality).

Policy Objective Sensitivity

Multi-objective programming (MOP) - as operationalized by Sylvia and Enriquez

for this fishery - was used to maximize the dual objectives of net present value and total

production. By altering the relative weights on the objectives, a policy frontier was

constructed that quantified the profit-production tradeoff of changing management

objectives. One end-point of the frontier is the solution to the baseline scenario -

Scenario A - described in table V.1; this solution resulted from weighting only the net

present value objective. By increasing the weight given to the production objective,

solution points move in a south-easterly direction toward the production-maximizing

solution. This Pareto-optimal frontier is presented in figure V.2.



NPV
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Figure V.2. Two-Dimensional Representation of the Pareto-optimal Policy Frontier

Each point on the frontier is uniquely associated with a net present value and a

total production quantity. For simplicity, we only identify the end-point solutions -

associated with the sole objectives - and one intermediate solution.3° The solution values

are summarized in table V.3.

30 Assuming the NPV-maximizing and production-maximizing solutions are equivalent to society, each $1
million would be equivalent to 0.423 thousand mt. To find the intermediate solution, this ratio was used to
scale production, then each objective was equally weighted (i.e., NPV and production, multiplied by the
scale factor, were each multiplied by 50 percent in the objective function).

(Max. NPV)
Scenario E

330 (Max. NPV and production)

31

290



Table V.3. Optimal Solutions Obtained Under Alternative Management Objectives
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The frontier suggests that profits must be sacrificed to increase production. In general,

this frontier is steeper than estimated in earlier work by Sylvia and Enriquez; the model

that incorporates seasonality predicts larger trade-offs between profits and production. In

other words, each unit of production is more valuable than previously predicted.

Changing the policy objective from net-present-value maximization to quantity

maximization results in an approximate 18 percent (122,000 mt) increase in production.

This policy goal change would also reallocate, on average, 60 percent of the TAC to the

onshore sector, which is more efficient overall (since H&G, fillet, and meal yields are

higher). Harvests would remain concentrated late in the season. The "costs" of this new

policy goal would be a $67 million (19 percent) reduction in discounted industry net

revenues. For comparison, Sylvia and Enriquez found that switching from a profit-

Onshore 15 % 49 % 75 %

At-sea 85 % 51 % 25 %

Variables

Scenario A Scenario E Scenario F

Maximize
NPV

Maximize
NPV and

Production
Maximize
Production

Net Present Value (million U.S. $) $ 347 $ 330 $ 280

Total Production (1,000 mt) 694 775 820

Number Harvested (1,000 fish) 4,499 4,708 4,923

Management Plan:

Average Annual TAC (1,000 mt) 251 251 251

Average Annual Sector Allocation:
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maximization to quantity maximization policy would reduce profits approximately 13

percent from an equal percentage increase in output (18 percent, on average).

Increasing the production quantity - movement from point A to F - requires the

harvest of another 424 million fish, which is the equivalent of a small recruiting class.

Although conservation precautions are held constant across the frontier, the model cannot

account for the longer-term implications of the extraction of these additional fish.

Concluding Discussion

This analysis used a policy model for the assessment and distribution of annual

total quotas - public and private - which were allocated between competing harvest

sectors, within a multi-period harvest season, and for production of alternative product

forms. The aggregate TAC is the most important type of quota; however, the timing of

harvest and characteristics of the harvest group can have substantial impacts on the

marketplace, the condition of the stock, and net benefits. Moreover, it is important to

acknowledge the aggregate impact that results from the interdependency among the

quotas. For example, in our model changing the allocation among sectors affects the (1)

age composition of harvests (due to differences in selectivities), (2) production portfolio,

(3) intraseason distribution of harvest effort, (4) utilization rates, and (5) value of

processed products.

Under contemporary management, all of the quotas are necessary to achieve the

"optimal" solution. Individual Transferable Quotas (ITQs) have been proposed as an

alternative form of management (Squires, Kirkley, and Tisdell). First, an ITQ system

would eliminate the need for all but the annual TAC - which could be increased an
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average of 11.5 percent since harvest could occur at a later date when yields and weight

have increased. Secondly, an JTQ system would enable harvesters to respond to

biological and market "risks," for example, during years of poor intrinsic quality or low

market prices. This latter characteristic of ITQs - the inherent interseason flexibility -

could be most encouraging. Quality and corresponding market improvements from ITQs

in the Australian bluefin tuna industry are already being evidenced; changes in the

temporal harvest pattern have improved output, increased price, changed product form,

and even altered the market destination (Anderson, 1987).

Interseason TAC changes - and corresponding changes in sector-specific

allocations - are believed to complicate an ITQ system due to "sticky" ownership or

"thin" markets (Copes; Squires, Kirkley, and Tisdell); however, a constant sector-specific

allocation based on the 10-year average had a negligible impact on the optimal solution in

our analysis. Alternatively, interannual variability in the TAC could change the way

ITQs are designed. For example, a sliding scale system which combines proportion and

quantity-based quotas was proposed albeit unsuccessfully - for the Pacific whiting

fishery in 1991. In summary, our analysis indicates that interseason variability does not

preclude the effectiveness of an ITQ system.

A final caveat is in order. This analysis was neither intended nor designed to

advocate or justify a particular quota-based management system for the Pacific whiting

industry. Some abstraction was necessary to simplify the analysis. In particular, we did

not incorporate Native Americans as an explicit user group although in 1997 and 1998

they were allotted approximately 10 percent of the total annual allowable harvest.
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CHAPTER VI:

SUMMARY

Overview

The optimal - discounted net-benefit maximizing - management of many wild-

stock fisheries may hinge on whether variability in intrinsic quality affects processing

yields, harvest weight, andlor product price. Multiseason bioeconomic models provide

an ideal mechanism to integrate the short-run intraseason intrinsic quality effects with the

long-run biological dynamics to evaluate such variability and its effect on the optimal

solution. The collection of papers in this study suggest that incorporating intrinsic quality

into resource management decisions can improve production efficiency and increase

benefits to the industry, society, and the ecosystem. This may be especially true for

relatively low-valued, low-quality species that do not exhibit price-size relationships but

do experience season changes in other quality factors due (primarily) to cyclical

spawning activity. It is important, therefore, to incorporate indirect quality effects into

studies pertaining to product marketing and the optimal fishery management, especially

where individual harvest rights do not exist.

In the Pacific whiting fishery, property rights have been partially restored by

limited entry restrictions, total annual quotas, and group quota allocations. In particular,

the annual quota is allocated among four groups: (1) tribal Indians, (2) catcher boats, (3)

catcher-processors, and (4) motherships. Total annual quotas (also known as the total

allowable catch or TAC) restricts the total catch, but does little to aid industry
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participants in maximizing the value of their harvests. Individual transferable quotas

(ITQs), on the other hand, would allow the industry to internalize opportunity costs

associated with intrinsic quality (Squires, Kirkley, and Tisdell); this is because ITQ's

change the paradigm governing how harvesters fish, which is where the ecological and

economic benefits can be achieved.

Historically, members of each non-tribal sector of the Pacific whiting fishery had

to compete for quota share. This competition at-sea resulted in pulse fishing at the

beginning of each season. The offshore sectors have, however, recently agreed to equally

divide their quota among the participating vessels (for further information, see the

Discussion in Chapter II). This arrangement is, essentially, an individual quota system.

According the Fish Information Service, "an increase in production yields achieved

because of a division of the quota among factory trawlers" suggests that these operations

"can produce more and more efficiently where the management and legal systems and the

level of internal industry cooperation permit them to do so" (5/29/98).

In addition, managers of the fishery recently acknowledged the potential benefits

of delaying the intraseason harvest pattern. In response, the season opening was delayed.

The intraseason exploitation pattern observed during the 1995 through 1997 seasons

(which includes the time period before and after the contractual arrangement between

members of the offshore sector) are depicted in figure VI.!.

During the most recent three-year period, the majority of harvests were delayed

from June to August. Overall, the intraseason harvest schedule has shifted a May-June

fishery to a July-August fishery.
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Figure VI. 1. Monthly Onshore Pacific Whiting Landings, 1995-97

Given the collective results of each study, we conclude that harvests that are not

optimally controlled result in lower returns to both the industry, society, and possibly the

ecosystem. For complex industries such as the U.S. Pacific whiting fishery, this type of

comprehensive analysis can contribute to understanding the long-run implications of

resource management decisions, and perhaps have a tangible effect on the industry.

Implications

. Decisions by fishery managers, harvesters, and processors jointly affect product

quality which, in turn, influence the quantity, quality, and value of the resource.

There are significant disadvantages (i.e., efficiency losses) associated with

allowing a large proportion of the harvests - for stocks similar to Pacific whiting - soon

after spawning. Early-season pulse harvesting is, essentially, a waste of future resources

since more fish must be extracted to fill the quota as compared to a late season fishery.
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Note that pulse harvesting is not inherently bad in this case, the timing of the harvest

within the season is more important.

The discounted, net-benefit improving effects of incorporating the intrinsic

characteristics of the fish may dwarf the effects produced from incorporating changes in

weight.

Hedonic analyses of seafood products can provide unique, valuable, and

necessary information, especially for industries that may fall under ITQ management or

that are considering standardized grading systems.

Standardized quality characteristics are essential to the success - i.e., consumer

acceptance - of any processed food product; consequently, the standardization of surimi

for use in seafood analogs could significantly improve the competitiveness of surimi-

based products in the U.S. marketplace.

The allocation of harvest rights among heterogeneous participant groups does nci

have a significant impact on discounted net benefits if management policies consider -

that is, harvests are timed to coincide with - seasonal biological factors such as weight,

"plumpness," and flesh composition.

Management objectives involving resource conservation, economic value, and

efficient utilization of marine resources (as provided in the Magnuson-Stevens Act) may

not be mutually exclusive - as often portrayed - when all significant factors are

considered.

If quota shares were individually owned and transferable: (1) management would

not have to make the contentious "allocation" decision; (2) it would allow for harvest by

the most efficient firms; (3) it would eliminate the need to harvest as fast as possible in
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order to ensure sufficient gross revenues; (4) it would allow each harvester to extract fish

in their "optimal', net-benefit maximizing, physiological condition; and (5) it could

create new product markets.

Although it is impossible to predict the long-run effects of a generic ITQ system,

assigning rights - where none previously existed - removes the common-property

externality. Eliminating an externality by "internalizing" it, and allowing gains from

trade, can increase efficiency and generate a potential Pareto improvement. The recent

contractual agreement between members of the offshore sector is an example of how the

common-property externality can be internalized to improve efficiency.

Caveats

The empirical results should not be interpreted as definitive support for any

proposed change in the regulatory environment involving the Pacific whiting fishery.

Although estimates of alternative policies were provided and summarized, the results

were generated under unavoidable simplifying assumptions - such as including only two

industry sectors - and parameter estimates that are continuously being updated by the

National Marine Fisheries Service (biological and economic).

The description of so-called "optimal" policies in the text represented potential

Pareto improvements over the status quo. Given that the status quo necessarily involves

the existing institutional structure of the industry, the proposed optimal solutions contain

the same regulatory framework. The implication of this modeling approach is that the

predicted optima may not equal the global optimum; a global optima would begin with

fewer restrictions and estimate the rent-maximizing solution over all possible scenarios.
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The prediction of a globally optimal solution would require a significant amount of

information that is not currently available. Due to our reluctance to rely on ad-hoc

assumptions or anecdotal evidence, and given the relatively stable nature of some

management policies, this solution was considered an unfeasible and unnecessary

extension to the analysis.

Several discussions contain conclusions generalized for 'wild-caught finfishes"

and the like. Although the model is structured to accommodate a variety of species, the

result-based recommendations will most certainly depend on the parameter estimates.

This is especially relevant for the use of intraseason intrinsic quality data. For example,

some species - such as Alaskan pollock - are harvested during the spawning season for

roe, therefore, the value of the intrinsic quality effect (and the corresponding policy

recommendation) will differ.
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Appendix A: Model Components including Notations, Descriptions, and References

Symbol Description

Indexes:
y, m years (1994, 1995, 1996) and months (Jan, Feb, ... Dec), respectively
a age-classes, cohorts, available for harvest (2, 3, ... 15 years)

c countries (U.S., Canada)
s sectors (onshore, offshore)

f product forms (surimi, H&G, meal, fillets)

Biological Parameters (Dorn et aL 1993):

num, rec initial population (Table 22, 1994 AC) and recruitment (Table 25),
respectively

mig migration (Table 22)

nat natural mortality (p. A-18)

sel selectivity (Table 22; Table 11, 1994 assessment)

hr*, sb* "ideal" fishing mortality and spawning biomass, respectively (Table 23)

fin, fw proportion of sexually mature females and females by weight (Table 22)

avgw mean weight of population (Table 22)

Intrinsic Quality and Economic Parameters:
cap capacity constraint on monthly processing (PFMC 1993)

w monthly weight (PFMC 1992)

cf wi condition factor and weight-length ratio, respectively (PFMC 1992)

moi, pro, fat estimated moisture, protein, and fat content of flesh, respectively

yld yield (estimated for onshore, adjusted for off; PFMC 1993, p. C-8)

prf proportion of harvest used to producef (PFMC 1993, p. C-li)

p, c price and variable costs, respectively (PFMC 1993, p. C-8)

r annual real discount rate (PFMC 1993, p. C-45)

Variables:
N numbers of fish (billions)

Z, F total and fishing mortality, respectively (instantaneous rate)

HR variable harvest rate
PRS, PRM allocation of effort between harvest sectors and across months,

respectively

SB spawning biomass (billion metric tons)

H numbers of fish harvested (millions)

DHWor TAC domestic, U.S., harvest in weight (thousand metric tons)

Q domestic, U.S., production of final goods (thousand metric tons)

NPV discounted net industry revenues (million U.S. dollars)



Appendix B: Sensitivity Analysis of Scenario 5 in Chapter II

The sensitivity of the optimal solution - Scenario 5 - to alternative parameter

values is summarized in table B.!. In particular, the assumed values of seven different

parameters are changed, including: the price of surimi produced onshore, onshore

capacity, onshore production portfolio (proportion of whiting used for surimi and H&G),

early season meal yield for the offshore sector, the "ideal" harvest rate, recruitment level,

and the growth rate (i.e., rate of intraseason weight gain). The results from running the

model under these alternative scenarios are summarized in turn.

The value of the fishery - the net present value of returns - is most sensitive to

the assumed harvest rate. If the "ideal" rate of harvest (hr*) is increased to the moderate

to high levels, NPV would increase 29 percent. Alternatively, if the price of surimi - the

primary product form - produced onshore, Psurion, equaled the (higher) offshore price,

NPV would increase 27 percent. The NPV is also predicted to increase 20 percent from

increases in either the offshore meal recovery rate (Yld,,,ealAjr,off) or recruitment (rec).

Conversely, if the stock experienced less of a weight gain during the season - if feeding

conditions were poor - the value of the fishery would fall by 8 percent.

The annual quota - the domestic harvest in weight - is most sensitive to the

assumed harvest rate; increasing the harvest rate would increase annual quotas 29

percent. The next largest affect on the quota - resulting in an 18 percent increase -

resulted from assuming a higher level of recruitment. Similar to the effect on NPV,. a

slower rate of weight gain would adversely affect the optimal average quota by 6 percent
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Table B. 1. Results of Optimal Solution and Sensitivity Analysis

a User costs are the marginal values associated with the monthly allocation variable, PRM,S in April. Zero values indicate the optimal solution involves
production in April or no production by that particular user group.

The parameters and associated indices are defined in Appendix A. The levels of the product form, user group, and month indices used are (with abbreviations
in parentheses): surimi (sun), fish nieal (meal), onshore (on), offshore (oft, and April (Apr).

Scenario

Fishery Value and Harvest Information

Intraseason User Costs a

(mu US$)

Welfare
NPV

(niil US$)

Harvest Biomass
DHW SB3

(thous mt) (hil mt)

Allocation
PRS

(%on/%offl

Onshore

PRMSO,I
+.lO m=Aprii

Offshore
PRM,ff

+1 ni=Apri!

(5) Optimal 68.5 202 1.039 78/22 - 2.7 - 10.7

Sensitivity Analysis:

parameter b base value new value change from optimal

Psuri,on 0.67 0.78 + 27% + 1% 0% 74/26 0.0 - 9.0

cap(flz 190 320 + 5% + 4% 0% 100/0 - 5.1 0.0

P1Jon.suri/HG 76/24 86/14 - 6% - 4% 0% 24/76 - 3.3 - 27.1

Yldmeal,Apr, oj 0.05 0.10 + 20% 5% 1% 0/100 0.0 - 36.3

hr* 0.22 0.33 +29% +29% - 11% 39/61 -1.5 -25.7

rec% 0.941 1.875 + 20% + 18% + 15% 68/32 - 3.2 - 13.4

Wa,,n tXa,Apr+Ua,,n4a(ifl) - 8% - 6% 0% 79/2 1 0.0 - 5.6
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When examining the factors that affect stock size over the management horizon,

the assumed recruitment level and harvest rate are the most important parameters.

Increasing the harvest rate would reduce the biomass in the final year (i.e., SB=3) 11

percent. Conversely, if recruitment were to increase, the biomass would also increase

(roughly 15 percent).

Scenario 5 predicted an optimal onshore-offshore allocation of 78%/22%. The

optimal onshore allocation ranges from 0 percent to 100 percent depending on the

assumed values of the biological and economic parameters. The onshore sector would

receive a larger share - more than the original 78 percent - if (1) onshore processing

capacity is increased or (2) the intraseason growth rate falls. The onshore sector

allocation is adversely affected by the assumed (lower) meal yield for the onshore sector,

the market constraint on H&G production, and the use of a lower harvest rate.

If the onshore sector increased harvests in April by 10 percent, NPV would fall

$2.7 million (nearly 4 percent). If the offshore sector harvested in April instead of

October, NPV would decrease by more than $10 million (15 percent). These figures

represent the 'cost" of early season, Olympic-style harvests. The user costs are affected

by the parameter values. The most significant parameters are the offshore meal yield, the

harvest rate, and the production portfolio of the onshore sector; in these scenarios - in

which the offshore sector receives the majority of the quota - NPV would decline at least

37 percent ($25.7 million).



Average Qualitya
(standard deviation)

a There were 203 lots of pollock (60 percent early) and 124 lots of whiting (87 percent early).

Using data for all lots of surimi produced aboard an at-sea vessel in 1994, the

distribution of production - as proxied by the number of lots tested and sold - is
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Appendix C: Seasonal Production and Average Quality of Surimi Manufactured by
an At-sea Vessel in 1994

Chapter III used data from an at-sea vessel that produced both pollock and

whiting surimi in 1994. The characteristics that this company used to define its grades,

the grade definitions, and the average quality were summarized in table 111.2. To

examine seasonality within grades, the quality characteristics are averaged across season

for the grade B surimi - the grade produced in largest quantity (figure 111.1) - in table C.l.

The average quality and standard deviations differ by season and species. Also, note that

the average WHITE fell below the requirements for the grade presented in Table 111.2.

Table C.1. Average Quality of Grade B Surimi Manufactured At-sea in 1994

Characteristic Unit

Alaskan pollock Pacific whiting

Early
(Jan-Feb)

Late
(Aug-Sep)

Early
(Apr-May)

Late
(October)

WATER % 74.5 74.9 74.6 73.8

(0.45) (0.40) (0.59) (0.57)

IMPURITY #/40g 6.4 6.0 8.5 6.6

(3.04) (2.93) (3.08) (2.66)

WHITE Zvalue 53.1 50.3 46.7 47.9

(0.97) (0.87) (1.04) (0.39)

GEL gcm 1141 1358 1152 1409

(113) (94.9) (144) (65.2)

GEL2 gcm 1965 2334 2408 2861

(257) (422) (351) (195)
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summarized by species and grade in table C.2. Overall, 63 percent of the lots were

pollock surimi. Fifty-six percent of the pollock lots were produced during the late season

compared to only 16 percent of the whiting lots. Over 80 percent of whiting surimi for

each grade was produced during the early season; conversely, the proportion of pollock

surimi produced early ranged from 7 percent to 54 percent depending on the grade (i.e.,

quality) produced.

Table C.2. Seasonal Distribution of Production by Grade and Species for Surimi
Manufactured by an At-sea Vessel in 1994

The regressions summarized in table 111.3 attempt to explain the factors that affect

surimi quality characteristics. The average values of two of those factors - time between

harvest and processing (HOURS) and fish size (WEIGHT) - are presented by season

(which is represented by the JULIAN variable) in table C.3. In summary, the average

time between harvest and processing falls and the average weight of the fish increase

when production occurred later in the season. In addition, the standard deviations fell

Alaskan pollock Pacific whiting

Early

(Jan-Feb)

Late

(Aug-Sep)

Early

(Apr-May)

Late

(Oct)

Distribution of Total 28% 35% 31% 6%

Production

Distribution of Total
Production by Species: 44% 56% 84% 16%

Distribution of Total
Production by Species and
Grade:

High grades (A and B) 54% 46% 87% 13%

Mediumgrade(C) 7% 93% 83% 17%

Low grades (D and E) 38% 62% 80% 20%



between the early and late season averages for all but average pollock weight. To

examine the changes in other intrinsic quality characteristics, average measures of the

condition factor (ratio of weight-to-length cubed) and the ratio of protein to moisture

content are also included in table C.3. In general, higher measures represent a better

quality; consequently, average whiting surimi quality improves while pollock surimi

quality falls as the seasons progress (as evidenced by results presented in the text).

Table C.3. Additional Production Statistics and Fish Characteristics that varied by
Season

a Data from an at-sea vessel in 1994. Standard deviations in parentheses below.
b Secondary data from various sources and multiple years. Standard deviations were not available.
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Alaskan pollock Pacific whiting

Early
(Jan-Feb)

Late

(Aug-Sep)

Early

(Apr-May)

Late

(Oct)

Production Statistics:a

Harvest-to-Processing (hours) 5.8 5.0 12.4 11.7

(2.1) (1.4) (3.8) (3)

Average Fish Weight (grams) 531 612 606 633

(53) (26) (47) (115)

Intrinsic Fish Quality:'

Condition Factor (weiht/1flg3) 0.193 0.226 0.306 0.269

Ratio of Protein-to-Moisture 0.189 0.201 0.227 0.222



Appendix D: Golden Rule and Optimal Stock Level as a Function of Time

We extended the optimal control problem specified by Flaaten to include intrinsic

quality which - like the intrinsic growth rate - is assumed a function of time. The

resulting Golden Rule and optimal stock path are compared to Flaaten's results in order to

identify the impacts of including an additional time-dependent economic parameter.

The optimal control problem:

Maximize NPV = jr(N, H) edt
(1

dNsubject to: - = r(t) G(N) - H(t)
di'

OH(t)Hmax

N(0) known

assumes that the objective is to maximize the net present value of rents from the fishery.

The stock growth equation assumes that the change in stock size over time is a function

of the intrinsic growth rate (r), the density-dependent growth rate (G), and the harvest

rate (H). The corresponding current value Hamiltonian:

H = (a(t) p(t) - c(N)) . H(t) + u (r(t) G(t) - H(t))

includes yield and price as a generic function of time - which is assumed to represent the

joint influence of time-dependent changes in intrinsic quality (z) and weight (w) - and

harvesting costs as a function of stock size. This net biovalue specification, V(t) =

c4t)p(t) - c(N), differs from the main text due to the endogenous costs; however, this is

necessary for a meaningful comparison.
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The resulting Golden Rule:

V(t) c'(N) r(t) G(N)
r(t) G'(N) + 8

V(t) V(t)

can be solved for an explicit optimal stock path by assuming functional forms for the

costs and stock growth equations:

c(N)= and G(N)N],
N K)

respectively, where c'(N) < 0, c"(N) > 0, and G(N) is the common logistic growth (which

is dependent on stock size and carrying capacity, K). To ease interpretation, we define:

ct(t)p(t)c V(t)
v(t)= -

a'(t) p(t) V(t) - c

where 0 <v(t) < 1. The corresponding optimal stock size (or, more accurately, path):

( s
1+ +v(t) +

a(t) p(t) K r(t)
N (t) =

152

differs from Flaaten's specification by the inclusion of v(t).3' With the new specification:

v(t) > 0 =' N* (t) > N;iia,en (t)

Proposition 1: Incorporating time-dependent economic parameters - where net biovalue

is positively related to improved intrinsic quality (which increases yields and product

price) - increases the optimal stock size (which varies over time).

?l For exact correspondence, we would have to assume ct(t)=1 and p(t)=p, the average price.

/
1+

\2
C 8

+
8.c.%(t)

+v(t)
a(t) p(t)K r(t) a(t) p(t)'K



Using a "normalized" stock size:

N, (t)

and the "rent dissipating" - that is, unregulated or open access - stock level (Flaaten;

Conrad and Clark):

N,(t)=--

Nrd(t)=

1

1+N0,--+v(t) +
r(t)

C

ct'(t)p(t)K

the optimal biomass - as a portion of the environmental carrying capacity - is found:

/ S
I + N0,, + v(t) N0, -

r(t) r(t)
'S
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At this point, it is common to note how the optimal stock size depends on the

relative sizes of Sand r(t). For example, if 5> r(t) and v(t) = 0, N would equal zero.

Since v(t) is positive, however, Smust exceed r(t)(1+ v(t)) in order to drive the

equilibrium population level to zero; that is, with positive benefits from intrinsic quality,

the alternative investment rate must be higher to justify extinction.

One method of determining the impact on the season start date and season length

- from incorporating a(t) and p(t) - is to examine the graphical solution to the problem.

Assuming the nature of the time-dependent economic parameters equals the behavior of

the intrinsic growth rate evaluated by Flaaten, this comparison begins with Flaaten's

definition of cyclical stock growth:

r(t) = r(i T + t)

r is a constant intrinsic growth rate and i represents the number of cycles, and T is the

length of the cycles, which are assumed to equal one year. Using the "wave-growth

model" (Flaaten's Case 3) - which is appropriate for Pacific whiting (Francis) - the stock



T 2T 3T

Figure D. 1. Growth Path of the Normalized Stock in a Typical Year

In the empirical application, intrinsic quality was time-dependent only during the

possible harvest season (i.e., from April through October). In particular, the

parameter is used to define the closed season in Chapter IV; this corresponds to the

period of non-positive growth in r(t).

With the wave-growth model, the stock size increases over time but experiences

periods of negative growth within each year. When the intrinsic growth rate is negative,

r(t) <0, fishing becomes unprofitable and harvesting ceases; that is, the singular path is

discontinuous. The optimal fishing strategy will be one of singular control assuming the
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growth is assumed to alternate between positive, no growth, and negative growth during

the year:

r(t)>OforiT<t<iT+to

r(t)=O fort= iT+ to

r(t)<OforiT+to<t<(i+1)T

(i+1)T

5
r(r)dr=z>O

n.T

The fish stock will increase from a given level N,(0) in an asymptotic cyclical way

toward 1; this growth path is shown in Figure D. 1 (Flaaten, fig. 7).

N,1(t)

1

N(0)



initial stock size is less than the open access level.32 In the first period, harvest begins

when the intrinsic growth increases to meet the optimal path. The optimal path is

followed until the intrinsic growth rate becomes negative, at which point harvesting is

unprofitable. Assuming each intrayear cycle is identical, each of the following cycles

(i.e., years) after the first results in a harvest season of exactly equal length (although

individual weight increases between years). In other words, within each cycle, a non-

fishing season is followed by a fishing season that extends until growth ceases (or

becomes negative) at which point the harvest season closes. The optimal normalized

stock path and season length in year i are compared in Figure D.2 (Flaaten, fig. 8).

N,,(t), N*,i(t)

N*,(t)

Nrd

jT
trd th to

Figure D.2. Optimal Normalized Stock Path and Season Length

For the intrayear singular path in each year, except the first, we assume that c4t) =

1 and p(t) = p for comparison to Figure D.2. Harvesting will begin in an open access

fishery when the intrinsic growth rate is positive (i T + trd.) and continue until it becomes
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32 If the initial stock size is higher than under open access, H(t) = Hmr until the singular path is reached.



Nrd

i I
t ii

Figure D.3. Optimal Start Date when the Net Biovalue is Endogenous

Proposition 2: Incorporating time-dependent economic parameters - where net biovalue

is positively related to improved intrinsic quality (which increases yields and product

price) - delays the season start.
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negative (i'T + r0). The optimal start date is, however, delayed until the intrinsic growth

rate reaches the optimal stock path at time t11; again, harvest continues until (iT + t0).

When intrinsic quality effects are considered, the rent-dissipating stock level falls

as quality improves. In addition, the normalized stock path will increase as quality

improves. Assuming that intrinsic quality behaves in the same manner as intrinsic

growth, the normalized stock path will skew to the right. To correspond with the

empirical application, the intrinsic quality effect is assumed to begin at the rent-

dissipating season opening date; this path change is depicted in Figure D.3. With the new

path, the optimal start date is delayed from t1, to t1 since it will take longer for the natural

growth path to reach the singular path.

N,(r), N*,i(t)

to (i+l)T
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Aside from changes in the optimal season start date, we need to ascertain how

season length is affected. Consequently, we need to incorporate the rent-dissipating stock

level - which is used to determine the closing date - into Figure D.3. Our rent-

dissipating stock level falls over time, unlike in Flaaten's study, but is assumed constant

when intrinsic growth becomes negative. The resulting discontinuity in the function

would be explained by recruitment, which is assumed to occur at the beginning of each

year (as in the empirical application). This scenario is depicted in Figure D.4.

N,(t), N*,i(t)

h to

Figure D.4. Optimal Season Length with Endogenous Net Biovalue

The difference between the delay in season opening and the delay in season close

is determined by the relative slopes of the intrinsic growth path and rent-dissipating stock

level; consequently, there are three possible solutions:

i(t)<N(t) = t()t/1 >tOtI?

= to th th

i(t)> N(t) t0 t1 <t0

Since this is an empirical question, a universal effect does not exist.
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Proposition 3: Incorporating time-dependent economic parameters - where net biovalue

is positively related to improved intrinsic quality (which increases yields and product

price) - increases season length if the slope of the intrinsic growth function exceeds the

slope of the time-dependent rent-dissipating stock path.



Appendix E: Bioeconomic Model Programmed in GAMS

$ INLINECOM(

SET Y years / 1994*2003 / (assume: long-run, 10 years)
YFIRST(Y) first year;
YFIRST(Y) = YES$(ORD(Y) EQ 1);

SET M months
/JAN, FEB,MAR,APR,MAY,JUN,JLY,AUG, SEP,OCT,NOV,DEC/

NFIRST(M) first month;
MFIRST(M) = YES$(ORD(M) EQ 1);

SET HAR(M) harvest months /APR,MAY,JUN,JLY,AUG,SEP,OCT/;

SET A ages / 2*15

AFIRST(A) age at recruitment
ALAST(A) maximum age;
AFIRST(A) = YES$(ORD(A) EQ 1);
ALAST(A) YES$(ORD(A) EQ CARD(A));

SET C countries / US, CAN /

S sector / ON, OFF I;

SCALARS NMORT monthly natural instantaneous mortality
SBOPT optimal annual spawning biomass (mu mt)

FNOPT optimalannual harvest rate (moderate)

TABLE SLCT(A,C,S) selectivities of individual fish at age
US.ON 05.0FF CAN. (ON, OFF)
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2 0.15 0.05 0.38
3 0.32 0.20 0.43
4 0.57 0.56 0.48
5 0.79 0.87 0.55
6 0.91 0.97 0.61
7 0.97 1.00 0.69
8 0.99 0.99 0.77
9 1.00 0.98 0.86

10 0.99 0.94 0.95
11 0.95 0.84 1.00
12 0.84 0.66 0.93
13 0.62 0.42 0.71
14 0.33 0.21 0.41
15 0.13 0.09 0.19;

TABLE PROP(A,*) proportion of age a fish in region c (migration)

CAN
2 0.002
3 0.011
4 0.051
5 0.166
6 0.297
7 0.352
8 0.365
9 0.368

10 0.369
11 0.369
12 0.369
13 0.369
14 0.369
15 0.369;

/ 0.01883/
/ 1.08 /
/ 0.33 I;



PROP(A, "US") = 1 - PROP(A,"CAN");

PARAMETERS AVGWGHT(A) mean weight of population in kg
/2=0.24, 3=0.359, 4=0.459, 5=0.538, 6=0.57, 7=0.623, 8=0.652,
9=0.661, 10=0.672, 11=0.76, 12=0.735, 13=0.8, 14=0.865, 15=0.923/

PROPSMF(A) proportion of sexually mature females
/2=0, 3=0.5, 4=0.75, (5*l5)=l /

PROPFWGHT(A) proportion of females by weight
/2=0.48, 3=0.501, 4=0.512, 5=0.52, 6=0.524, 7=0.526, 8=0.529,9=0.536,
10=0.539, 11=0.544, 12=0.553, 13=0.561, 14=0.568,15=0.575/

NUN(A) billions of age a fish
/ 3=0.746, 4=1.227, 5=0.105, 6=0.434, 7=0.608, 8=0.072, 9=0,
10=0.868, 11=0.013, 12=0.006, 13=0.006, 14=0.376, 15=0.153/

REC(Y) billions of fish recruited in year y
assume: deterministic recruitment, "poor"

1994=0.402, 1995=0.518, 1996=0.236, 1997=2.0, 1998=0.381,
1999=0.42, 2000=2.0, 2001=0.145, 2002=0.117, 2003=0.204/

VARIABLES
YRNUM (Y, N, A)
ACCUMAGE(Y,M,A,C)
SBIOM(Y)
TOTMORT(Y,M,A,C)
VFIvIORT(Y,M,A,C, 5)
FMORT(Y)
CATCH(Y,M,A,C, 5)
SPLIT_S (Y, 5)

SPLIT_M(Y,M, S)

EQUATIONS
El (Y,M,A)
E2 (Y,M,A)
E3A(Y,M,A)
E3B(Y,M,A)
E4 (Y, N, A, C)

E5(Y,M,A,C)
E6 (Y,M,A, C, 5)

E7 (Y)

E8 (Y)

E9 (Y,M,A, C, 5)

ElO (Y)

Ell (Y, 5)

numbers of fish (bil)
numbers of fish in oldest age class (bil)
spawning biomass (mu mt)

total instantaneous mortality rate
total instant variable fishing mortality rate
variable fishing mortality
numbers of fish caught (mil)
allocation between harvest sectors
monthly allocation;

POSITIVE VARIABLES CATCH, YRNUN, VFMORT, FMORT, SPLIT_S, SPLIT_N;

annual recruitment of youngest cohort
initial population of remaining cohorts
fish numbers over time
fish numbers in January of subsequent years
fish numbers of oldest cohort
total instantaneous mortality rate
total instantaneous fishing mortality rate Apr-Oct
annual variable fishing mortality constraint
spawning biomass
catch in numbers
constraint on sum over sectors
constraint on sum of monthly allocation;
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E1(Y,MFIRST,AFIRST).. YRNUN(Y,MFIRST,AFIRST) =E= REC(Y);
E2(YFIRST,MFIRST,A+l).. yRNUN(YFIRST,MFIRST,A+l) =E= NUM(A1);
E3A(Y,N+l,A).. YRNUN(Y,N+1,A) =E= SUN(C, PROP(A,C)*

yRNUN(Y,M,A)*EXP(_TOTMORT(Y,M,A,C)));
E3B(Y+l,MFIRST,A+1) .. YRNUM(Yl,NFIRST,A+l) =E= SUN(C,

PROP(A,C)*YRNUM(Y,DEC,A)*EXP(_TOTMORT(Y,DEC,A'C))
+ ACCUMAGE(Yl,MFIRST,A+l,C)$(ORD(A)+1 EQ CARD(AH);

E4(Yl,MFIRST,ALAST,C).. ACCUMAGE(Yl,MFIRST,ALAST,C) =E=
EXP(-TOTMORT(Y, "DEC' ,ALAST, C) ) *ypIJN(y, "DEC' ,ALAST) * PROP(ALAST, C);

E5(Y,M,A,C).. TOTMORT(Y,M,A,C) =E= NMORT + SUN(S, VFMORT(Y,M,A,C,S));

E6(Y,M,A,C,S)$(HAR(M)).. VFMORT(Y,M,A,C,S) =E=
FMORT(Y)*SPLIT_S(Y,S)*SPLIT_M(Y,M,S)*SLCT(A,C,S);

E7 (Y).. FNORT(Y) =E= FMOPT* (SBIOM(Y) /SBOPT);



E8(Y).. SBIOM(Y) =E= SUN(A,
YRNUM(Y, UJANU,A)*PROPSNF(A)*PROPFWGHT(A)*AVGWGHT(A));

E9(Y,M,A,C,S)$(HAR(M)).. CATCH(Y,M,A,C,S) =E=
(VFMORT(Y,M,A,C,S)/TOTMORT(Y,M,A,C))*
PROP(A,C) *YprJM(y,M,A) * (l-EXP(.-TOTNORT(Y,N,A,C) ) )*J;

E10(Y) .. SUM(S, SPLIT_S(Y,S)) =E= 1;
E11(Y,S).. SUM(M, SPLIT_M(Y,M,S)) =E= 1;

SPLIT_N.FX(Y,M,S)$(ORD(M) LT 4 OR ORD(M) GT 10)0;
CATCH.FX(Y,M,A,C,S)$(ORD(M) LT 4 OR ORD(M) GT l0)=0;
VFMORT.FX(Y,N,A,C,S)$(ORD(M) LT 4 OR ORD(M) GT lO)=0;

TOTMORT.LO(Y,M,A,C) NMORT; (lower bound, redundant but necessary)
SBIOM.LO(Y) 0.623; (lower bound, cautionary level)

SETS F product forms /SURI, HG, FIL, MEAL I

GAIN form of weight gain /CONST, LIN, QUAD, LN/;

VARIABLES
WGHT (A, N)

SPLIT_F(Y, F, S)

AVGWAT (N)
AVGPRO (N)

AVGFAT (N)

AVGCF (N)

PARAMETER PRR_ADJ(F,S) prr adjustments;
PRR_ADJ("SURI',"OFF") = 0.0057; CNNFS absolute difference)
PRR_ADJ("MEAL",OFF") = - 0.1087; (NMFS absolute difference)

PRR_ADJVHG",S)=O.lO; (Pacific whiting rate)

weight at harvest (kg)
division of catch by product forms
water content of raw fish
protein content of raw fish
fat content of raw fish
condition factor
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SCALARS R real discount rate / 0.05 I;

TABLE SLOPE(A,GAIN) estimated slopes in weight gain equations
CONST LIN QUAD LN

2 0.240 0.0217 -0 .0017 0.0

3 0.321 -0.0189 0.0 0.1093
4 0.354 0.0330 -0. 00075 0.0

5 0.428 0.0458 0.0 -0.0729

6 0.519 -0.0035 0.0027 0.0

7 0.519 -0.0104 0.0 0.0814

8 0.483 0.0330 0.0 0.0

9 0.649 0.0222 0.0 0.0

10 0.776 -0.0370 0.006 0,0

11 0.622 0.0 0.0 0.0

12 0.721 0.0 0.0 0.0

13 0.752 0.117 -0.0184 0.0

14 0.805 0.117 -0.0184 0.0

15 0.837 0.117 -0.0184 0.0;

TABLE PR(F,S) price
ON

($/lb output; CRS)
OFF

SURI 0 0.0

MEAL 0.2564 0,2355
HG 0.3309 0.0

FIL 0.75 0.0;

TABLE COST(F,S) variable costs (S/lb round,; CR5)
ON OFF

SURI 0.099 0.1003
MEAL 0.0 0.0
HG 0.147 0.0

FIL 0.147 0.0;



EQUATIONS
EWGT(A, N)

EWAT (N)

EPRO (N)

EFAT (N)

ECF (N)

EWL (N)

EYS(M, S)

EYH(M, S)
ETh (N ,S)

EYF(M, S)

El2 (Y,M,S)
EMOI (N)

EWHI (N)

ELIG (M)
EGEL (N)

EPR_SOFF (N)

EPR_SON(M)
E13A(Y,N)
El33(Y)
E13C(Y, 5)

E13D(Y)
E13E (Y)

E14 (Y,M, F, S)

El 5

EWGT (A, N) $ ( HAR (NH

EWAT (N) $ ( MAR (N) )

EPRO (N) $ ( MAR (M) )

EFAT (N) $ (HAR (N) )

ECF (M) $ (MAR (N) ) .

EWL (N) $ (MAR (M) ) .

weight length ratio
product recovery rate or yield
moisture of sun as func of prox
whiteness of sun as func of prox
lightness of sun as furic of prox
gel strength of sun as func of prox
hedonic function for sunimi
domestic catch in weight (thous mt)
output of final goods (thous mt)
total revenue (millions us$)
total costs (millions us$)
net present value us production (million us$);

SPLIT_F, AVGWAT, AVGPRO, AVGFAT, AVGCF, AVGWL,
GEL, PRICE, CATCH_RWE, US_PROD;

weight at harvest
water content of fish
protein content of fish
fat content of fish
condition factor
weight length ratio
yield for surimi
yield for headed and gutted
yield for meal oil and compost
yield for fillets
catch in gross rwe
moisture content of surimi
whiteness
lightness
gel strength
price surimi offshore
price surimi onshore
capacity constraint for onshore sector
april capacity constraint for onshore
constraint on product mix proportions
onshore capacity constraint for h and g production
onshore capacity constraint for fillet production
production of final goods
calculation of objective function value;

WGHT(A,M)$(HAR(M)) =E= SLOPE(A,'CONST") +
SLOPE (A, ULIN)*(ORD(M)_3) +
SLOPE(A,OQUADO)*HORD(N)_3)**2) +
SLOPE (A, 'LN") * (LOG(ORD(M)-3H;

AVGWAT(N)$(HAR(M)) =E= 0.806 - 0.011*ORD(M) +
0. 05 *LOG (ORD (N))

AVGPRO(N)$(HAR(N)) =E= 0.147 + 0.002*ORD(M);
AVGFAT(M)$(HAR(M)) =E= 0.00249

_0.0059*ORD(M) +0.001057*ORD(N)*ORD(M)
AVGCF(M)$(HAR(M)) =E= 0.3953 + O.0305*ORD(M);
AVGWL(M)$(HAR(N)) =Er 8.832 + 0.5032*ORD(M);

EYS(M,S)$(HAR(N)).. PRR("SURI',M,S)$(HAR(M)) =E=
-0.1748 + l.6l9*AVGPRO(N) + 0.11O*AVGCF(M) + PRR_ADJ('SURI',S);

EYH(N,S)$(HAR(M)).. PRR('HG",N,S)$(HAR(M)) =E=
0.139 + l.89l*AVGPRO(N) + 0.2394*AVGCF(M) + PRR_ADJ("HG",S);

EYN(M,S)$(HAR(M)) . PRR('MEAL",N,S)$(HAR(N)) =E=
AVGPRO(M) + PRR_ADJ("NEAL',S);
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AVGWL (N)

PRR(F,M, S)
NOl (N) es t

WHI (N) est
LIG(N) es t

GEL (N) es t

PRICE(F, S,M) est
CATCH_RWE(Y,M, S)
US_PROD(Y, N, F, S)

TR (Y, S)

TC(Y, S)

USWELF

POSITIVE VARIABLE WGHT
PRR, MOI, WHI, LIG,



E12 (Y, N, S)$ (MAR (N)

EMOI(M)$(HAR(M))..

EWHI(N)$(HAR(N))

ELIG(N)$(HAR(M))..
EGEL (N) $ ( HAR (N) ) .

CATCH_RWE(Y,M, S) $ (HAR(M)) =E= SUM(A,
CATCH (Y, M, A, US " , S) *WGHT (A, N)

MOI(N)$(HAR(N)) =E= -0.228
+ 79.48*AVGWAT(M) + 57.28*AVGPRO(N);

WHI(M)$(HAR(M)) =E= 69.67
_37.5*AVGWAT(M) 52.1*AVGPRO(M);

LIG(M)$(HAR(N)) =E= 67.9 + 319.7*AVGFAT(M);

GEL(M)$(HAR(M)) Er, 24514
_24594*AVGWAT(N) .19042*AVGPRO(N);

EPR_SOFF(M)$(HAR(M)).. PRICE("SURI", "OFF",M)$(HAR(M)) =E= (72.8
- 1.67*MOI(M) - 0.574*WHI(N) + 0.14*LIG(M) + 0,152*GEL(N))I100;

EPRSON(N)$(HAR(M)).. PRICE("SURI","ON",N)$(HAR(M)) =E= (61.8
- 1.67*MOI(M) - 0.574*WHI(M) + 0.14*LIG(M) + 0.152*GEL(M))/100;

E13A(Y,M)$(HAR(N)$(ORD(M) NE 4)).. CATCH RWE(Y,N,"ON") =L 30;

E13B(Y) .. CATCH_RWE(Y, "APR", "ON') =L= 15;
E13C(Y,S).. SUN(F$(ORD(F) NE 4), SPLITF(Y,F,S))=E1;
E13D(Y).. SUN(N,USPROD(Y,N,"HG","ON"))L8;
E13E(Y).. SUN(M,US_PROD(Y,M,"FIL',"ON'))LS;
E14(Y,N,F,S)$(HAR(M)).. US_PROD(Y,M,F,S)$(HAR(N)) =E= SUM(A,

CATCH(Y,M,A,US,S)*WGHT(A,N)*SPLIT_F(Y,F,S>*PRR(F,M,S))
E15.. USWELF =E= SUN(Y, ((1/(1IR))**ORD(Y))*SUN((F,M,S),

2.2046* (USPROD(Y,M, F, S) *PRICE(F, S,N) -

CATCH_RWE(Y,N,S)*SPLIT_F(Y,F,S)*COST(F,S))))

CATCH_RWE.FX(Y,N,S)$(ORD(N) LT 4 OR ORD(M) GT 10)0;
US_PROD.FX(Y,N,F,S)$(ORD(M) LT 4 OR ORD(M) GT 10)0;
PRICE.FX(F,S,M)$(ORD(F) NE 1) = PR(F,S);

SPLITF.FX(Y,"MEAL",S) = 1;

SPLITF.FX(Y, "SURI","OFF") = 1;

MODEL HAKE / ALL/;

OPTION LINROWO, LINCOLO, SOLPRINTOFF;
OPTION RESLIM3000, ITERLIM=4000;

SOLVE HAKE USING DNLP MAXIMIZING USWELF;
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EYF (N, S) $ ( EAR (N) PRRVFIL",M,S)$(HAR(M)) =E=
0.245 + 6.732*AVGFAT(N) - 0.0061*AVGWL(M);




