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ABSTRACT

The purpose of this thesis is to provide an economic rationale for observed
contractual arrangements in the intermediate market for raw fish. Two general types of
contracts have been observed: spot-market "contracts” and incomplete long-term
contracts. The latter are typically accompanied by non-price compensation mechanisms,
such as processor-provision of the vessel, ancillary gear, and credit. The contractual

arrangement ;s observed to vary both across and within different fisheries.

The following hypothesis is proposed to explain this variation in contractual

arrangements:

Owing to the presence of transaction-specific investments, there is
potential for ex post hold-up. The non-price compensation mechanisms
that accompany long-term, incomplete contracts serve as credible
committments to mutually advantageous exchange. That is, reciprocal
ex ante specific investments are incurred in order to reduce the

probability of ex post hold-up.
The implication of this hypothesis is as follows:

The probability that a transaction will be governed by a long-term,
incomplete contract rather than a spot-market transaction is directly

correlated with the expected loss from potential ex post hold-up.

A simple model is developed in which a long-term, incomplete contract

accompanied by non-price compensation is shown to promote efficient exchange. In

il



order to determine whether the above hypothesis is empirically supported, the following

variables are identified as affecting the expected loss from potentia! hold-up:

1. perishability of raw fish
2. alternative sources of supply
3. alternative markets for the intermediate product

4. specificity of the harvesting technology to a particular species and/or to
a particular intermediate/final product-form
5. specificity of the processing technology to a particular species and/or

intermediate product-form

6. volume exchanged per delivery

A sample of over 15,000 transactions between fishers and processors is analyzed.
Both non-parametric and parametric tests are conducted in order to examine the validity
of the above hypothesis. The non-parametric chi-square test of independence offers
support for each of the above variables as an important determinant of contractual
choice. Similarly, both a binary probit and an ordered probit regression identify each of

the above variables as significant determinants of contractual choice.
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CHAPTER ONE: INTRODUCTION

The market for raw fish serves as an interesting arena in which to study observed
contractual arrangements for the transaction of an intermediate good. In British
Columbia the nature of the contractual relationship existing between buyers and sellers of
raw, unprocessed fish varies both across and within particular fisheries. The ultimate
purpose of this study is to provide an econornic rationale for these observed contractual
arrangements.

Contractual arrangements in the British Columbia market for raw fish are

observed to be of two general types:

1. A spot-market arrangement, wherein both buyers and sellers of raw fish seek
exchange opportunities with one another after incurring the requisite seasonal
investments (e.g., vessel maintenance, crew, processing facilities, etc.). There is no prior
agreement for exchange to take place between the two parties, nor is there an agreement
that the relationship will continue beyond a particular transaction. This type of

arrangement corresponds to Williamson's (1975) "discrete transactions” paradigm.

2. A long-term, incomplete contract! in which parties agree to trade with one
another, perhaps exclusively, prior to either party incurring seasonal start-up costs. The
contract is incomplete in that the terms of trade are not completely specified in advance.
Long-term contracts are generally observed to be accompanied by "non-price
compensation mechanisms” such as season-end "bonuses” paid by processors to vessel
owner/operators, the financing of vessels by processors, and the provision by processors

of accounting and banking services to fishers.

Note that the term "contract™ here refers simply to the rules that govern the relationship. These rules
may or may not be explicitly defined. The majority of long-term centractual arrangements between
processors and fishers appear to be implicitly rather than explicitly defined, presumably owing to the
difficulty of contractually specifying in advance responses to all future contingencies.



The purpose of this thesis is to provide an economic rationale for the observec
contractual variation in the B.C. intermediate market for raw fish. Two main bodies of
literature potentially contribute to an understanding of how transactions for an
intermediate produci are compieted. One posits that the choice of contractual
arrangement is motivated by the pursuit or maintenance of market power. A second set
of literature focuses on transaction costs as the key to explaining contractual behaviour.

The first set of literature includes both studies that have been directly applied to
the fishing industry, as well as more general research. Three independent studies are of
particular importance. Explanations for the use of non-price compensation mechanisms
in raw fish transactions have been offered by Shaffer (1979), Schwindt (1682), and
Pinkerton (1987). They have individually argued that it is the market structure of the
processing sector that exnlains the reliance of some parties on "non-price competition”
for raw fish supplies. They assert that the oligopsonistic nature of the market for raw
salmon leads processors to explicitly or implicitly collude in order to keep the price of
raw fish lower than would be possible if the buyers' side of the market was more
competitive. When processors offer a higher price for raw fish in order to attract supply,
competition for the limited supply will induce other firms in the industry to do the same.
As the price of raw fish rises, processors' profits are eroded. Thus, such behaviour is
viewed as "destructive” price competition. Each of the above authors maintains that
changes in the level of non-price compensation are more difficult to detect than changes
in the per unit price of fish; thus, non-price competition is the preferred method of
acquiring supply.

With respect to the transaction-cost literature, twe approaches are considered.
One rationale often put forth to explain contractual complexities of the type described
above is that of risk allocation (Borch, 1963; Arrow, 1970, 1975). Specifically the use of
non-price compensation in long-terim contracts may serve as a method of reducing the

variation in suppliers' and/or buyers' incomes across states of nature.



The explanation adopted by this paper stems from the transaction cost
framework of Coase (1960), Klein et. al. (1978), and Williamson (1979). Owing to the
difficulty and costliness of contractually specifying, monitoring, and enforcing all
elements of performance for all possible contingencies, the transacting parties resort to
an incomplete contract. When a contract is incomplete, however, there may exist a
tendency for transactors to take advantage of the unspecified elements of contractual
performance by opportunistic breach of the contractual understanding. In order to
prevent contractual breach, the parties employ an "implicit” contract enforcement
mechanism; that is, performance is implicitly enforced by the threat of termination (Klein,
1985). Under some circumstances, the threat of termination, by itself, is insufficient to
prevent breach. The parties may then take other measures to ensure that the contract is
self-enforcing.

The hypothesis offered in this paper is as follows: the non-price compensation
mechanisms that accompany long-term contracts in the intermediate market for raw fish
represent specific investments that serve as credible commitments to the contractual
agreement.

Consider a transaction, T, in which ex ante investments by two parties (fisher and
wholesaler) at one point in time are necessary. There is then a subsequent exchange in
which the fisher sells fish to the wholesaler. Suppose further that these investments are,
to some degree, transaction-specific. That is, the value of these assets in an alternative ex
post exchange is less than their value in the transaction, T. Suppose that expected
revenue from the transaction, T, exceeds costs (including opportunity costs), so that
there are rents to the transaction. Efficiency then demands that transaction T occurs so
that the rent is realized. By extension, we have market failure if transaction T is not
undertaken.

In the absence of specificity, the investments will be undertaken and the potential

rent realized, just as efficiency dictates. The presence of ex ante specific investment,



however, potentially leads to ex post hold-up. If one party incurs ex ante specific
investment costs that are in excess of the ex post opportunity cost of these assets, he/she
potentially becomes the victim of hold-up. The opportunistic party may actually impose a
loss on the other party, causing the latter to regret having made the ex ante specific
investment.

Of course, a party will actually undertake an ex ante specific investment only if
the expected net return from doing so is positive. The larger is a party's specific
investment, the weaker is its bargaining position in the ex post game when fish are
exchanged. Clearly, this deterioration in bargaining power can be so severe that the
victim of hold-up may have regrets about incurring the specific investment in the first
place. Assuming that the hold-up is anticipated and is sufficiently severe, the potential
victim of hold-up will not undertake the initial investment. Market failure, driven by
specificity of investments, then results.

An ex ante credible commitment to the exchange, undertaken by the potentially
opportunistic party, may promote efficient exchange. Ex ante non-price compensation
(e.g., vessel financing, provision of gear) from a wholesaler to a fisher serves as a
credible commitment to an efficient transaction. Under some circumstances, such a
commitment by the wholesaler is necessary to entice the fisher to participate in the
transaction.

The implication of the above hypothesis is: the greater the expected loss from
potential hold-up, the more likely it is that a long-term contract, accompanied by credible
investments, will be observed.

It is possible to identify variables that are likely to influence the transacting
parties' preferences for one contract over another. The preceding discussion suggests
that the size of the loss a party expects to incur in the event of hold-up affects the
individual's contractual choice. The extent of the potential loss to one party resulting

from ex post opportunism by the other party is, in turn, dependent upon the degree to



which the initial investment is transaction-specific. Thus, those variables affecting the

degree of asset-specificity also determine the preferred contractual arrangement.

The following variables, either directly or indirectly, augment the specificity of
the initial investment. These variables are thus offered as determinants to the parties’
preferences between a long-term, incomplete contract and a spot-market transaction:
perishability of raw fish; volume exchanged per delivery; alternative sources of supply;
alternative markets for the intermediate product; flexibility of the harvesting technology
across species and across intermediate and final product-forms; and the flexibility of the

processing technology across species and across final product-form.

The goal of the empirical work is to establish a connection between contractual
choice and the presence of transaction-specific assets. In order to empirically test the
validity of the above hypothesis, individual transactions between fishers and wholesalers
are analyzed. Much of the data presented and used in the analysis constitutes a major
contribution of this thesis. Both nonparametric and parametric tests have been conducted
in order to explore the validity of the thesis’ hypothesis. The nonparametric tests used in
this analysis is the chi-square test of independence. The parametric test involves deriving
the maximum-likelihood estimates of both a binary probit model and an ordered probit

model.

Chapter 2 reviews the history of the British Columbia fishing industry and also

describes the current state of the industry. A description of the intermediate market for

o

w fish is supplied in Chapter 3. The nature of transactions between fishers and

g

described for the two main types of arrangements: spot-market transactions

2

rocessors 1

3
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and incomplete long-term contracts. Further, empirical regularities across a cross-section

of fisheries, gear-types, and final product-forms are presented. Chapter 4 reviews the



relevant literature concerned with explaining contractual structure in vertical
relationships. Two main motivations for contractual structure are explored: market-
puwer incentives and transaction cost incentives. The hypothesis that contractual terms
are designed so as to circumvent the hold-up problem is proposed. Chapter 5 presents an
abstract and general model in which production of an intermediate product requires ex
ante transaction-specific investments. In this model, ex ante credible commitments are
shown to promote efficient exchange. Chapter 5 also discusses the application of the
model to the B.C. intermediate market for raw fish. The empirical methodology and the
results of the empirical analyses are provided in Chapter 6. Conclusions and possibilities

for future research are presented in Chapter 7.



CHAPTER TWO:

HISTORY AND CURRENT STATE OF THE BRITISH COLUMBIA
FISHING INDUSTRY

A. History of the Fish Harvesting and Fish Processing Sectors
1 Hi f th mmercial Fish Harvestin r

Prior to the arrival of European settlers on the Pacific coast of North America, salmon
served as a dietary staple and as an exchange commodity for the indigenous coastal population.
Sun-dried, smoked, and salt-cured salmon were consumed domestically and, subsequent to the
arrival of European settlers, exported to the Hawaiian Islands and some Asian countries. The
commercial canning of Pacific salmon began in 1864 in California as a response to a strengthening
market for tinned salmon in the United Kingdom. The first cannery in B.C. was opened in 1870
near New Westminster (Childerhose and Trim, 1979). The commercial potential of halibut was
recognized by the late 1800s. The New England Fish Company from Boston entered the Pacific
halibut fishery in 1894 by establishing its headquarters in Vancouver and chartering two steamers
(McMullan, 1987: 39).

In addition to salmon and halibut, the herring and groundfish fisheries have been important
in the growth of the B.C. fishing industry. Before the turn of the century, herring was harvested in
large volumes. It was used as halibut bait and served the dry salted market in the Orient. Fears of
resource depletion led to the closure of the herring fishery in 1967. The roe herring fishery began
in 1972 and continues to be a valuable fishery (McMullan, 1987: 42).

Prior to World War I, the groundfish fishery, which includes sablefish (black cod), sole,
grey cod, and rockfish, was limited by a small local market demand. Heavy investment in shore



processing facilities in the 1960s provided an intermediate market that was able to support a
considerable fleet of groundfish wrawlers.! However, markets for Pacific groundfish were, and
continue to be, limited by competing supplies from other countries (McMullan, 1987: 43).

In addition to the fisheries described above, there exist numerous small fisheries in B.C.
These include dive fisheries for abalone, geoduck, sea urchins and sea cucumbers. There also exist
fisheries for shrimp, crab and clams.

Salmon continues to be the commercially most important fishery in B.C. Throughout the
1980s, the value of salmon landings constituted, on average, over 75% of all fish production in
B.C. The value of roe herring landings varied between 15% and 35% of total fish production in
the 1980s, rendering it the second most valuable fish species. Although halibut comprised one-
fifth of total landings in 1970, it now represents only 1-2% of the wholesale value of all B.C. fish
products.? The reduction in the relative importance of the halibut fishery stems partially from the

development of new fisheries in B.C. and from excessive fishing in earlier years.

Regulatory History

The ownership of and jurisdiction over the Pacific fishery resources is divided between the
federal and provincial governments. The conservation and management of fish resources entail
two fundamental responsibilities: the preservation of fish habitat and controlling the harvest in
order to conserve stocks (Pearse, 1982:37). The federal government retains constitutional
jurisdiction over sea coast ard inland fisheries. This authority extends from enacting legislation
intended to protect fish habitat to the regulation of fishing activities. The Fisheries Act (Canada)
provides general authority to regulate both marine and freshwater fisheries to ensure that the
primary conservation mandate is met. The act and its regulations also establish a regulatory
scheme designed 1o ensure orderly industry practice in tidal waters, licensing both individuals and

vessels, and stipulating methods of fishing (Blewitt and Huestis, 1988). The provincial

IThe trawling method of fishing involves a vessel towing a net set very close to the sea-bed.
2Annual Statistical Review, Department of Fisheries and Oceans, 1980-1989.



government owns most of the uplands and the freshwater that serve as fish habitat. It has
legislative authority over municipal affairs and most other upland activities that threaten fish
habitat (Pearse, 1982:23). This constitutional division of authority between the two governments
often leads to conflicting interests and responsibilities. Under the present system, the federal

government retains law-making power and delegates to the province the authority for

administering the legislation (Pearse, 1982: 33).

The need to control the expansion of fishing fleets in Canada's Pacific fisheries has been
recognized for over a century. In 1889 the federal goverrment limited the number of licences for
fishing boats on the Fraser River to 500. The majority of these were distributed among canneries
according to their canning capacity. As the canneries expanded in capacity, however, they became
eligible for more licences. Moreover, additional licences were allocated to new canneries that
were built. Consequently, this initial licensing scheme became ineffective in controlling the level of
fishing effort applied to salmon stocks and was abandoned in 1892 (Pearse, 1982: 78).

A second experiment was attempted on the north coast, where the vast majority of the
fleet was owned by canneries. In 1908 the Commissioner of Fisheries for B.C. placed a limit on
the number of boats existing canneries were permitted to operate. The canneries negotiated
privately among themselves in order to determine the allocation of vessels. As the value of the
salmon escalated during World War I, the government acceded to the pressure to issue licences to
new canneries. All restrictions on cannery licences were eliminated in 1917 (Pearse, 1982:78).

In 1968 the Davis Plan was implemented. The intent of this program was to control the
salmon fleet through a system of restrictive licensing of vessels. F he first phase of the scheme
involved freezing the number of vessels by licensing only those showing significant dependence on
the salmon fishery. A "buy-back” program was then implemented in which "excess" vessels were
purchased by the government and retired (Pearse, 1982: 79).

As a result of the restrictive licensing program, the salmon fleet is smaller but the capacity

of the fleet has increased. This is because the remaining vessels invested in additional fishing



power as the value of the catch increased (Pearse, 1982:79). Despite the lack of success in the

B.C. salmon fishery, a restrictive licensing system is now in place for most of the other Pacific

=

fisheries. Upon the introduction of a restricted entry regime, vessels or individuals have been
allocated licences on the basis of historical catch. In the post-allocation period of a limited-entry
fishery, potential entrants must either purchase, lease or inherit a licence from incumbent licence-
holders. Both open-access and limited-entry fisheries are generally subject to the imposition of a
"total allowable catch". Fisheries managers and biologists determine the maximum amount of fish
that can be harvested while maintaining the viability of the fishery. The fishing season is closed for
a fishery once the total allowable catch has been harvested.

In order to deal with the problem of continued investment in excess capacity on the part of
licensed vessels, the Department of Fisheries and Oceans has introduced the "individual quota”
system in some fisheries. Under this regime, a catch ceiling is imposed on each of the licensed
vessels. A vessel quota, if monitored and enforced, attenuates the incentives of fishers to increase
capacity; rather, fishers are encouraged to harvest their quotas at minimum cost. The individual
quota system is currently used to manage a few of the dive fisheries and has very recently (1990)

been implemented in the halibut and sablefish fisheries.

2. History of the Processing Sector

The commercial fishery in British Columbia was initiated by canneries. In the early years,
the B.C. fish processing industry primarily served a large market for canned sockeye salmon in
Great Britain. The B.C. canning industry developed in the 1870s along the Fraser River
(Muszynski, 1987:48).

Until the 1890s the pr<.c=ssing sector consisted of 10-15 small firms, all of which were
either proprietorships or partnerships, and each of which received approximately equal market
shares. Canneries acquired the labcur force necessary for the harvesting and processing of salmon

through offers of daily wages and family employment. Men fished from river banks or from
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coastal, company-owned vessels, while women and children were employed in the canneries
thernselves (Marchak, 1987:23).

In order to reduce their dependence on processors some fishermen began to form fishers'
cooperatives in the late 1920s and 1930s. The cooperatives chartered, and later purchased, fish
packers and sold fish directly to American buyers (Muszynski, 1987:58).

Local commission merchants with trade connections to Great Britain provided fish
precessors with financial capital, and supplied them with canning and harvesting resources as well
as a distribution system to the market (Stacey, 1982:6). Until the 1870s the canners were
dependent upon these externally provided distribution channels to consumer markets.
Shareholders with trade connections to Great Britain obtained financial control of the processed
product. The move of Canadian banks to British Columbia offered canners an alternative source
of financial capital. By the early 1900s, canneries themselves began to incorporate, thus
eliminating their financial dependence of distribution agents (Muszynski, 1987:48).

Overexpansion along both the Columbia and Fraser rivers led processing companies to
seek alternative sources of raw fish supplies from Alaska and northern B.C. By the mid-1880s,
salmon canning was the leading industry in B.C. in terms of both employment and value of
exports.4

Processing firms began to merge with one another in the late 1890s. Acquisition of
additional operations became attractive to canners after the federal government's introduction of a
boat licensing program in 1889 (Marchak, 1987:23). Vessel licences along the Fraser River were
limited to 500; those distributed to canning companies were based on capacity. Thus, by acquiring
additional processing capacity a canner was also able to obtain greater harvesting capacity. By
1891 three large firms - Anglo-B.C. Packing Co. Ltd., Ewen & Co. and the Victoria Canning Co.

Ltd. - controlled over 70% of the Fraser River sockeye salmon pack (Reid, 1975:282).

3An additional source of labour was provided by Chinese immigrants who were brought in on contract to work in
the canneries. The contractor typically supplied the entire cannery work-crew and was compensated by a piece-rate
scheme (i.e., per case of packed salmon) Muszynski, 1987a:59).

3Forestry subsequently became the leading industry in B.C. by the late 1880s.
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Four years after its intreduction: the boat-licence limitation program was abolished in
response to considerable resistance on the part of both canners and fishers (Muszynski, 1987:50).
This led to the entry of both fishers and processors. Thus the rise in industry concentration that
arose during the first licence-limitation program was soon alleviated.

The B.C. Packers' Association of New Jersey, now known as B.C. Packers Ltd., was
formally organized in 1902 with the amalgamation of a number of both small and large firms. The
Canadian Fishing Company, criginally a halibut fishing company, became the major rival of B.C.
Packers in the early 1920s. The two companies have dominated salmon canning ir: British
Columbia for most of this century (Muszynski, 1987:55).

Until the mid-1900s the processing sector of the B.C. fishing industry owned the vast
majority of fishing vessels in the industry. Processing companies were thas able to control the
level of effort applied to fish stocks, thereby preventing overharvesting. Vertical integration into
the harvesting sector allowed processors to capture the majority of resource rent in the fishery.

After World War II an increased demand for fish products eventually encouraged the
adoption of quick-freezing technologies in the processing of frozen fish. Processors also began to
equip their fishing vessels and packers with refrigeratien capacity. This meant that vesscls were
now able to transport fish over large distances, eliminating the need to establish processing
facilities closz to resource capture. The introduction of these technolcgies also resulted in ihe
entry of small processors that could not ineet the higher capital investment and labour costs
required for canning (Muszynski, 1987:57). The number cf independent operator-owned vessels
also increased in response to the grewing marxet demand for fresh/frozen fish. Despite these
structural changes ir the B.C. fishing industry, the processing sector continues to be dominated by

a few large firms.5

5See Tables 4-1 and 4-2 in Chapizr 4.



B. Current State of the British Columbia Fishing Industiry

Moie than 40 species of fish and marine marmals are now harvested and marketed by
British Columbia's fishing and aquaculture industry. In 1991, commerical fishing licences provided
7,200 person-years of employment; the industry also supports an estimated 5,700 person-years in
fish processing plants and shipyards.® In 1990, the total landed value” of fish was $479 million,
while the wholesale value® was $947 miilion. This places the commercial fishery as the fourth
largest primary industry in Brit:sh Columbia, after forestry, mining and agriculture.® In terms of
exports, fisheries constitute the fifth largest commodity group; in 1991, fish exporis generated
$635.2 million, whick accounted for 4.2% of the value of all B.C. exports. Japan is currently the
largest consumer of B.C. fish exports, followed closely by the United States. The provincial
fishing industry produces only a small share of fish traded on the world market, and thus has little
influence on prices.!0 In terms of its contribution to B.C. gross domestic product, the fishing and

trapping industries combined account for less than 1% of GDP at factor cost in 1991.1!

C. Pescripticn of Species and Harvesting Technologies

This research concentraies on four fisheries: salmon, halibut, heiring and sablefish (black
cod). The thesis posits that contractuai choice for the exchange of raw fish hinges on the
attributes of the harvesting and processing technologies, and the intermediate and final product-

forms. Thus, these attributes require detailed aitention.

6British Columbia Econcmic and Siatistical Raview, 1991,

7 Landed value” refers to the value cf raw fish landed at dock.

$"Wholesaie value” refers to the value of fish wholly or partially precessed, and raw fish sold 1arough brokers.
9Briiish Coiumbia Eccromic and Statistical Review, 1991,

103 C. Economic and Statistical Reveiw. 1991.

1B C. economic and Statistical Reveiw, 1921.
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1. Salmon

There exist five species of pacific salmon: sockeye, coho chinook (spring), chum and pink
salimon. These speries differ significantly in size, colour, oil content, taste. firmness of flesh, and
tolerance tc different forms of processing (Pinkerton, 1987:69). Common to each of the salmon
species are the fellowing characteristics: a short fishing season, high inter- and intra-seasonai
fluctuations in supply, and the fact that Pacific salmen die after spawning (Shaw and Muir,
1987:5).

Salmon spawn in fresh water and spend their adult lives in salt water. The high inter-
seasonal supply fluctuation results from the fact that adult salmon return to the spawaing ground
from which they originated after one to six years, depending on the species (Shaw and Muir,
1987: 2-5). Thus, the size of the spawning run in any particular year is deperdent upon the size of
the run in previous years. Pink salmon, for example, has a two-year spawning cycle. Thus, the size
of a pink run in any particular year is determined by escapement!? two years previously.

It is far more efficient for harvesters to target salmon when the fish are following their
arnual migratory spawning routes, rather than attempting to locate significant stocks in the open
seas. Thus, the fishing season is naturally constrained by the spawning season. The majority of
Pacific salmon spawn in the autumn, altiough a significant number spawn in late spring.
Consequently, the salmon harvesting sector supplies large volumes of the raw product to fish
buyers within a four month periocd (mid-july to mid-October). The propeasity for large seascnal
harvests is intensifieC by the fact that, for a given run, there is a strong incentive to harvest the
entire surplus spawning population!?, since spawners not inizrcepted along their migratory pathy
are lost forever.

The salmon fishery employs three different harvesting technoiogics, thc descripticns of

1 -

which have been provided by McMullan (1987:35-38). initially, B.C. canners harvested sockeve

12Escapement refers to the number of spawners allowed 10 proceed upstream 10 spa v, rather than being harvesied,
13The "surplus” refers to that portior: of the spzwning population that, if left unharvested, vould not serve to
augment the size of future salmon runs. Owing 10 the rcle of natural mortalily in population dynamics, an incrzase
ir cscapementi beyond a ceriain level will not serve to increase the size of fulure 1ans.

14



salmon by use of the gilinet method of fishing. This method entails the stringing of a net from

salmon on their spawning migration. Gillnetting requires a relatively small vessel, a single-handed
crew, a motor, net-drum and nylon nets.

In 1886 purse-seining was introduced to the west coast (Phillips, 1971:3C). A purse-seine
vessel sets a large net around schools of fish and then closes off the bottom of the net with a
purse-line. Operation of this gear requires several crew members, a large motorized vessel, a
power block 10 hoist the net, and a power drum to roll the net McMullan, 1987:36-37). Many
seiners have also invested in a "champagne cocling system”, a large tank holding slushed ice,
which serves to preserve the catch for a longer period

In the early years of its use, the nature of the purse-seine gear necessitated considerable
manpower (usually 7 crew members plus the captain). This led to the introduction of a share
system for dividing the value of the catch. Since 1941, this system has been based on 11 shares: 4
for the vessel and 7 for the crew, with payments for nets and the captain's share taken from the
vessel's share. Technological innovations introduced in the 1950s, such as the power block and
power drum, reduced the crew size to 4 or 5 persons (McMullan, 1987:36-37).

Troll fishing is conducted by attaching fishing lures to lines extending from poles on the
vessel. These lines are then towed behind the vessel at various depths. All troll vessels are
equipped with either ice-packing or freezing facilities. The size of the crew varies across troll
vessels. but is generally smaller than that of a purse-seine vessel and larger than that of a gillnetter
(McMullan, 1987:37-38).14 Many salmon fishing vessels have been equipped with both gilluet and
troll gear, and are referred to as "combination vessels”.

Salmon enters the consumer market in one of the following forms: canned, fresh, frozen,
smoked. and salt-cured, with the first three accounting for the majority of marketed salmon. In

addition 1o the relevaat demand and cost conditions for processed fish, the choice of product-

“1t is only recently that trollers began 1o employ deckhands. Technological advances of telecommunications and
adaptation of their gear have led to increased competition with net fleets to capture sockeye, chum and pink salmon
species. This, in tum, has led them 10 increase capacity by hiring additional crew members (McMullan, 1987: 38).
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form is determined by the species’ natural suitability to a particular form of processing as well as
the effect of the harvesting technique on the raw product. Pink salmon, for example, is marketed
almost exclusively in canned form, partially because of the unattractive "hump" on its back, and
partially because of its high oil content. A unique feature of the chum species is that the flesh
deteriorates rapidly when it enters fresh water, making it more suitable for the canned market if
caught in fresh water. Sockeye salmon is also suited to the canned market as a result of its high oil
content (Shaffer, 1979: 23-25).

Gillnet and seine vessels are capable of catching all species, but the net gear is most
efficient in the harvest of sockeye, pink and chum since these species tend to run in schools. Net-
caught salmon are generally more appropriate for the canned market. This is partly due to the
nature of the target species themselves, and also because the product is frequently marked and
bruised by the net. Troll vessels catch primarily coho and chinook salmon. Troll-caught salmon is,
in general, better suited to the higher-valued fresh, frozen, >.noked and salt-cured markets.
Because they are equipped with ice-packing and/or freezing facilities, troll vessels are able to
preserve their catches for a longer period and at a higher quality than gillnetters or trollers.
(%-zlity is a more important consideration to the fresh/frozen market than to the canned market.
The non-destructive nature of troll gear also contributes to the fact that troll-caught fish receive a
higher pr:ce per pound on the fresh/frozen market than do net-caught fish (Shaffer, 1979:23-27).

There were 3,691 commercial salmon fishing licences issued in 1988: 549 for seine
vessels, 799 for rcil vessels, 658 for gillnet vessels, and 2,229 for combination troll-gillnet

vessels. 15

Table 2-1 depicts the distribution of salmon landings across species and gear-type for the
years 1984 - 1989. The proportion of salmon landings by species and gear for the same period is

shown in Table 2-2. This information indicates that the purse-seine fleet catches the majority of

15 Annual Summary of British Columbia Commerciai Catch Statistics, 1988, Department of Fisherics and Oceans,
Pacific Region.
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B.C. salmon and that pink salmon is the dominant species in terms of landed weight. The majority
of gillnet catch consists of sockeye and chum; the majority of seine catch consists of pink and
chum; troll gear is shown to target chinook and coho more consistently than the other species.
Note also the high degree of interseasonal variation in catch. For example, total salmon catch

more than doubled from 1984 to 1985, yet fell by 36% from 1986 to 1987.

Hali

Unlike salmon, halibut is a long-lived demersal (bottom-dwelling) fish. Those not caught
in one year may still be harvested in another. In the absence of regulatory constraints, halibut can
be fished for a much longer season than salmon; fishers do not have to await the spawning season
in order to locate harvestable stocks (Pinkerton, 1987:86).

Halibut is harvested by the long-lining method whereby a long, set line, to which are
attached regularly spaced short lines and baited hooks, is lowered to the sea bottom. After a time,
the captured halibut are hauled on board, gutted, cleaned and iced down. There is also a
considerable volume of halibut taken incidentally in the salmon troll and gillnet fisheries, although
retention of these catches is restricted. Because of its low o1l content, halibut is not as perishable
as salmon (Pinkerton, 1987:86). Its low perishability and low oil content contribute to the
suitability of marketing halibut as a fresh or frozen product. The majority of halibut has been
marketed in frozen form, primarily because, prior to 1990, a regulatory constraint on season-
length resulted in highly concentrated deliveries of fish that required rapid processing.1¢ Halibut
landings for the years 1984 - 1989 are shown in Table 2-3. Note that, relative the salmon fishery,
landings of halibut are relatively stable from year to year. Over this five-year period, for example,

halibut landings remained between 4,000 and 6,000 tonnes.

$The introduction of the individual quota system in 1990 led to the removal of the regulatory constraint on
scason-length.
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Table 2-1: LANDINGS OF SALMON BY SPBCIBS AND GBAR, 1984-1989

{Round Weight in Tonnes)

SPECIES/

GEARTYPE 1984 1985 1986 1987 1988 1989
GILLNET 12,761 25,218 26,130 16,027 19,281 20,616
CHIN 763 525 516 271 485 789
SOCK 6,542 13,461 11,073 6,619 7,591 12,745
COHO 518 857 981 380 417 687
PINK 1,826 4,012 4,217 4,464 1,745 2,687
CHUM 2,988 6,211 9,216 4,236 8,966 3,955
SEINE 20,514 58,676 53,156 29,465 50,401 42,936
CHIN 444 733 580 355 258 557
SOCK 5,791 14,735 12,944 6,283 3,693 17,266
COHO 843 1,410 1,776 985 620 1,194
PINK 7,811 25,996 23,879 15,415 25,559 19,068
CHUM 5,603 15,769 14,152 6,413 20,218 4,846
TROLL 17,157 23,669 24,652 21,203 17,866 25,175
CHIN 5,047 4,211 3,911 4,623 5,138 3,889
SOCK 544 3,373 6,816 2,133 659 4,642
COHO 8,728 6,710 10,481 7,050 6,040 6,871
PINK 2,422 7,692 1,609 7,042 4,913 9,250
CHUM 412 1,666 1,829 351 1,113 521
TOTAL 50,431 107,563 103,938 66,695 87,548 88,727
CHIN 6,254 5,469 5,007 5,249 5,921 5,234
SOCK 12,877 31,569 30,833 15,035 11,943 34,383
COHO 10,089 8,977 13,238 8,415 7,077 8,752
PINK 12,058 3,770 29,505 26,921 32,217 31,004
CHUM 9,003 23,646 5,197 11,000 30,297 9,322

Source: Annual Summary of British Columbia Commercial Catch Statistics, 1989

Department of Fisheries and Oceans, Pacific Region
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Table 22 PROPORTION OF SALMON LANDINGS BY SPECIES AND GEAR, 1984-15680

(Pound Weight in Tonnes)

SPECIES /

GEARTYPE 1984 1985 1986 1987 1988
GILLNET 12,761 25,218 26,130 16,027 19,281
CHIN 0.06 0.02 0.02 6.02 0.03
SO0CK 0.51 G.53 0.42 0.41 0.39
COHO 0.04 0.03 0.04 0.02 0.02
PINK 0.14 0.16 0.16 0.28 0.09
CHUM 0.23 0.25 0.35 0.26 0.47
SEINE 20,514 58,676 53,156 29,465 50,401
CHIN 0.02 .01 0.01 0.01 0.01
SOCK 0.28 0.25 0.24 0.21 0.07
COHO 0.04 0.02 0.03 0.03 0.01
PINK 0.38 0.44 0.45 0.52 0.51
CHUM 0.27 0.27 0.27 0.22 0.40
TROLL 17,157 23,6689 24,652 21,203 17,866
CHIN 0.29 0.18 0.16 0.22 0.29
SOCK 0.03 0.14 0.28 0.10 .04
COHO 0.51 0.28 0.43 0.33 0.34
PINK 0.14 0.32 ¢.07 0.33 0.27
CHUM 0.02 0.07 0.07 0.02 0.06
TCTAL 50,431 107,563 103,938 66,695 87,548
GILLNET 0.25 0.23 0.25 0.24 0.22
SEINE 0.41 0.55 0.51 0.44 0.58
TROLL 0.34 0.22 0.24 0.32 0.20
CHIN 0.12 0.05 0.05 0.08 0.07
SOCK 0.26 .29 0.30 0.23 0.14
COHO 0.20 0.08 0.13 0.13 0.08
PINK 0.24 0.04 0.28 0.40 0.37
CHUM 0.18 0.22 0. 0.16 0.35

Source: Annual Summary of British Columbia Commercial Catch Statistics, 1989

Department of Fisheries and Oceans, Pacific Region

1989

20,616
0.04
0.62

0.03

0.13

0.19

42,936

0.01
0.40
0.03
0.44
0.11
25,175

0.15
.18
.27
.37
.02

88,727

0.23
.48
.28
.06
.39
.10
.35
.11

o © O O O O O

AVERAGE

20,006
0.03
0.48

0.03

0.16

0.29

42,525

.24
.03
.46
.26

o O O o

21,620

.13
.36
.25
.04

o O O O

84,150

.49
W27
.07
.27
.12
.28
.21

o O O O O O ©

19



3. Roe Herring

Like salmon, the size of the herring stock fluctuates annually. Herring about to spawn are
captured either by the purse-seine method or by gillnets strung from small aluminum skiffs. Since
the valued product is the mature herring roe, harvesting must take place when the roe is at its
most mature pre-spawning stage (McMullan, 1987:42). Thus, even in the absence of regulatory
closures, the herring roe fishing season is naturally very short (1-7 days). The high value of this
product has encouraged the development of species-specific technology that has been used in
conjunction with the traditional salmon fishing gear (Schwindt, 1982:90). In particular, recently
constructed herring seiners have been adapted to carry immense volumes of fish (McMullan,
1987:43). A large holding capacity mitigates the need to make in-season deliveries to processors.
This is a great advantage given the constraint of a very short herring fishing season.

Herring landings for the years 1984 - 1989 are shown in Table 2-3. Like salmon, the
spawning cycle of herring is shown to result in large interseasonal fluctuations in harvest. In 1989,
seine-caught herring accounted for approximately 56% of herring roe landings, while gillnetters

accounted for 44% of landings.!”

4, Sablefish

Sablefish, or black cod, is a groundfish with characteristics similar to halibut. The majority
of sablefish is caught by the use of either longline or trap gear (Schwindt, 1982:118). The latter
involves baiting large conical traps and attaching them to ground-line gear, which are then set on
the sea-bed.18 Since the introduction of the individual quota system in 1989, the sablefish fishery
has become a year-round fishery. Prior to this it was subject to a seasonal closure once the total
allowable catch had been harvested. Sablefish enters the final consumer market as a fresh, frozen,

or a smoked product. Sablefish landings by gear-type for the years 1984 - 1989 are shown in

17 Annual Summary of British Columbia Commercial Catch Statistics, 1988, Department of Fisherics and Oceans,
Pacific Region.
13Department of Fisheries and Oceans, Vancouver
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Table 2-3. In 1989, approximately 70% of sablefish landings were caught by the use of trap gear,

18% by longline gear, and 12% by trawl gear.

1984
Roe Herring(1) 32,795
Halibut(2) 4,033
Sablefish(1) 3,852

(1) Tonnes, round weight
(2) Tonnes, dressed. head off weight

(Tonnes)
1985 1986
24,588 15,732
4,704 5,390
4,263 4,686

1987

37,029

5,444

4,717

Source: Annual Summary of British Columbia Commercial Catch Statistics, 1989
Department of Fisheries and Oceans, Pacific Region

Table 2-3: LANDINGS OF ROE HERRING, HALIBUT AND SABLEFISH, 1984-1989

1988

30,070

5,866

5,291

1989

40,210

4,659

5,495
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D. Description of Final Product Forms and Processing Technologies

It is convenient to distinguish between two classes of raw fish buyers: processors (with
cold storage and/or canning facilities); and "fish buyers". Fish processors and buvers are currently
licensed under the authority of the Fisheries Act. The business of fish buying refers to the activity
of "buying, collecting, assembling, eviscerating, transporting, conveying, packing, or carrying
fish."

Fish buyers in British Columbia are generally distinguished as shore stations, packing
vessels and trucks. Although some shore stations do minor processing, the fish are generally
transported from shore stations to processing plants or distributors. Licensed packing vessels
transport fish to shore stations or directly to a processor's plant. Truck buyers are mobile
operators who purchase fish directly from fishers and transport it to market or to a wholesaler
(processor, broker, or trading company) (Blewitt and Huestis, 1988:26-27).

The majority of licensed buyers have close affiliations to processors. Blewitt and Huestis
(1988) estimate that over 80% of shore stations, over 60% of truck buyers, and the majority of
licensed fish buying vessels are affiliated with established processing companies.

In 1988, the Ministry of Agriculture and Fisheries (MAF) issued 248 fish processing
licences and 494 fish buying licences. Decals are issued along with the licence to speciry the
category of processing or buying which they may undertake. In 1988, there were 129 enterprises
licensed to process salmon, 35 licensed to process roe herring, and 97 licensed to process other
finfish. Thirteen establishments were licensed to operate a commercial salmon cannery and 126
cold storage facilities were issued processing licences. In addition, 96 operators were licensed to
operate facilities that did not involve either cold storage or canning procedures. With respect to

buying licences, MAF issued 294 salmon decals, 209 roe herring decals, and 116 finfish decals.!

19Fisheries Production Statistics of British Columbia, 1988; Province of British Columbia, Ministry of Agriculturc
and Fisheries
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Shaw and Muir (1987) provide a detailed description of the main salmon product-forms
and the associated processing procedures. When the raw product is destined for either the fresh or
frozen markets, fish should be slaughtered quickly and cleanly. Fresh salmon involve very little, if
any, processing: they are marketed whole or sold dressed (i.e., gutted and gilled). Ideally, they
should be iced within one hour of slaughter and packed in insulated boxes. Frozen salmon are
usually headed and dressed before being individually blast frozen for at least twelve hours, after
which they are glazed and packed.

The above activities required for fresh and frozen salmon production are largely manual
and, as noted, must be accomplished quickly after harvesting. Thus, in many cases, such activities
are undertaken by fishermen themselves unless distances to processors are short.2° In addition to
on-board freezing and freezing undertaken at a processing plant, fish can alsc be frozen and
stored in public cold stores on a contract basis.

In order to produce canned salmon, fish are first delivered whole to a processing plant
located near landing points. The delivery itself is generally undertaken by tender vessels that are
employed by canneries, rather than by the fishers themselves. In this way, more time can be
allocated to the actual harvesting of fish. Upon delivery, the roe is extracted and proczssed
separately. Specifically, the salmon roe is soaked in brine, packed in wooden boxes, and salted
and cured at room temperature for several days prior to shipping. The salmon themselves are
headed, gutted, cut into pieces, put into sealed cans, and cooked in a "retort” (a glass distilling
container) prior to being boxed and shipped.

In the production of salt-cured salmon, fillets are salted and spiced or chilled in a brine
solution. Both the smoking and salt-curing processes produce an end-product that is fairly
perishable with a shelf-life similar to that of fresh iced fish. Preservation can be extended with the

use of vacuum packs or controlled atmospheric packs.

20Thhis is primarily the case with troll-caught fish. The majority of gillnet operations, and all of the seine
operations, involve quantities too large for the fishers to conduct on-board processing. Therefore, net-caught
salmon is delivered primarily to shore-based processing plants or to tender vessels.
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The production of fresh fish is less costly than that for either frozen or canned salmon. In
fact, the preparation of a fresh product is often completely integrated with the harvesting
operation or left to the final consumer. It is difficult to determine whether per unit processing
costs are higher for canners or freezers. Although canners must incur the high fixed costs of
acquiring production lines, the cost of storage is much lower than that for a frozen product.
Another advantage cf canning over freezing is the ability to carry over inventories from a high
supply year to low supply years, owing to the much longer shelf-life of the canned product. The
high concentration of deliveries to processors also favours a canning technology.?! Within any
particular season, the largest volume of salmon arrives within a three to six week period and,
owing to its perishability, must be processed quickly. Pinkerton (1987: 69-70) maintains that
large-scale canning is accomplished much miore rapidly than large-scale freezing; firms that
purchase large volumes of salmon during this time cannot freeze the majority of it quickly enough
to avoid decomposition. Thus, although salmon attracts a higher consumer price when marketed
in fresh/frozen form, there appear to be significant advantages with respect to storage and

1nventory carrv-over in the production of a canned product.

Approximately one-half of canned salmon is consumed domestically. Canned salmon
exports are primarily directed to European markets. The majority of frozen salmon is exported.
B.C. competes with the United States for both the domestic frozen salmon market and for the

Japanese and European markets (Schwindt, 1982:28).

21A high concentration of deliveries to processors results from the fact that salmon is harvested during spawning
migrations in summer and early autumn.



Table 2-4 depicts the distribution of salmon landings across final product-form by
species.22 Chinook, coho and chum salmon enter the wholesale market primarily as a frozen-
dressed product, while the majority of sockeye and pink salmon are canned.

The distribution of salmon wholesale value across species, for the years 1984 - 1989, is
depicted in Table 2-5. In general, sockeye salmon is dominant in terms of industry wholesale
earnings, followed by pinks and chums. The chinook and coho varieties contribute approximately
equal amounts to salmon wholesale revenues. Table 2-6 shows the distribution of tctal salmon
wholesale earnings across product-forms for the years 1984 - 1988. The proportions of salmon
wholesale earnings across these product-forms are indicated in Table 2-7. Canned and frozen
salmon production constitutes the vast majority of salmon wholesale earnings. These final
product-forms are relatively equal in terms of their contributions to salmon wholesale revenues.

Wild salmon (i.e., salmon that is not farmed) generated a total of 583.6 million dollars in
wholesale revenues in 1988, constituting approximately 59% of total fish wholesale earnings in
British Columbia. The export market dominates the salmon industry, accounting for 69% of

salmon wholesale revenues.?3

The markets for halibut are varied and variable. Exports as a proportion of total catch
fluctuate annually. All exports of fresh halibut are destined for the United States, while there are
many export markets for frozen halibut (Schwindt, 1982:113).

Halibut wholesale revenues for the years 1984 - 1988 are shown in Table 2-5. Halibut
generated a total of 26.8 million dollars of wholesale revenue in 1988, accounting for 2.7% of
total fish wholesale earnings in British Columbia. The halibut export market accounted for 65% of

halibut wholesale earnings.24

22Data is not available for the proportion of salmon landings directed toward an undressed final product or smoked
and salt-cured production. This accounts for the fact that the distribution of landings across the product-forms do
not sum to | in Table 4.

23Fish Product Exports of British Columbia, 1988; Department of Fisheries and Oceans.

24Fish Product Exports of British Columbia, 1988; Department of Fisheries and Oceans.
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Table 2-4:

SPECIES/
PRODUCT-FORM

CHIIIOOK
CANNED

FRESH DRESSED
FROZEN DRESSE]

SOCKEYE

CANNED

FRESH LRESSED
FROZEN DRESSED

COHO

CANNED

FRESH DRESSED
FROZEN DRESSED

PINK

CANNED

FRESH DRESSED
FROZEN DRESSED

CHUM

CANNED

FRESH DRESSED
FROZEN DRESSED

SALMON TOTAL
CANNED

FRESH DRESSED
FROZXN DRESSED

DISTRIBUTION OF SALMON LANDINGS ACROSS FINAL PRODUCT-FORM

BY S,rECIES, 1984-1988 (Round Weignoyx in Tonnes)

1984 2985 i98s 1987 ia8s AVE
6,254 5,458 5,007 5,249 5,921 5.580
0.01 0.02 0.03 0.02 0.01 .02
06.10 0.07 0.10 0.0y 0.07 0.09
G.6&4 0.64 G.60 0.63 0.67 0.64
12,877 31,569 30,833 15,055 11,943 20,451
0.39 0.40 0.42 0.45 0.38 0.41
(.85 0.02 0.902 0.03 0.03 0.03
0.28 0.29 0.29 0.32 0.32 0.30
10,089 8,577 13,238 8,415 7,077 9,559
0.06 0.10 0.14 0.08 0.07 0.99
0.06 0.06 0.08 0.12 0.08 9,08
0.72 0.63 0.52 0.67 0.02 0.63
12,059 37,700 29,505 26,321 32,217 27,680
0.61 0.58 0.66 0.49 0.50 0.57
0.01 0.02 0.01 0.03 0.02 0.02
0.14 0.16 0.05 0.20 0.14 0.14
9,003 23,646 25,197 11,000 30,297 19,829
0.17 0.34 0.23 0.12 0.15 0.i0
0.03 0.01 0.05 0.6y 0.05 0.05
0.61 0.446 0.45 0.55 G.47 0.51
50,432 107,263 103,938 06,695 37,548 83,235
0.29 0.38 0.39 0.33 0.29 G.34
0.05 0.C2 0.04 0.06 0.04 0.04
.44 0.32 0.3 0.38 0.36 0. 3¢

Source. Fisheries Production Statistics of British Columbia, 1982

Province of British Columbia, Ministry of Agriculture and Fisher:es

#
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SPECIES 1984

SALMON 276,241
CHINOOX 0.17

S80OCKEY 0.21

COHO 6.22

PINX 6.16

CHUM 0.13

ROE ZERRING €6,058
HAIL IBUT 11,640
SABLEFISH

Province of Briticsh Cclumbia,

Tabla 2-%5: WHOLESALE VALUE

1985

512,243

0.
.40
.10
.26
.15

[ I R

100,

08

115

~J
AN
(&3]

OF FISH BY

(1000

1936
536,223
.06
.46
.13
.20
.15

O O O O O

85,454

25,521

14,140

Sousce: Fisheries Production Statistics of Bricish Columbia,

SPECIES, =3

170,132

33,881

1¢,953

1938

04-1988

1988

583,630

.2¢€
.10
.28
.25

S O O O

171,860

26,766

20,566

Ministry of Agriculture ard Fisheries

The processing of herring roe is a simplc, labour intensive procedure. After harvest, the

raw fish are allowed to age in order to facilitate the extraction of roe, which is accomplished

manually. The roe is then brined in stages, graded and packed forexport (Schwindt, 1982:94).

Japan alone provides the market for proczssed herring roe; moreover, 60% of Japanese

consumpticn cccurs during the New Year holiday (Schwindt, 1982:87). Thus, the harves: of

kerring takes place scven to =ight monihs prior to final cocnsumption.

Herring wholesale revenues for the years 1984 - 1988 are shown in Table 2-5. As

indicated, the herring roe product-form constitutes the largest proportion of wholesale earmngs
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from: B.C. herring. Herring generated a total of 175.5 million dollars in wholesale revenue in
1983, comprising 17.8% of total fish wholesale earnings in British Columbia. The ¢xport markcu

accounted for 95% of herring wholesale evenues.?5

Sablefish wholesale revenues are depicted in Table 2-5. Sablefish fina! product-foms
incluce fresh, frozen and smoked products. Whoiesale earriings from sablefish constituted only

2.1% of total fish wholesale earnings in B.C. in 1988, of which 99% was earned on the export

inarket, 26
Table 2-6: WEOLESALE VALUE 0OY SALMON BY ZRODUCT-TYPE, 1984-~1983
{51000)
¥
}
1084 1983 1986¢ 1987 1798¢
SALMEON 276,241 512,242 534,223 425,601 583,630
C2LNNED 94,457 258.645 277,913 171,573 236,780
FRESH 15,432 14,137 19,244 24,773 23,944
FROZEN 145,768 206,647 198,557 189,824 265,686
ROB 5,065 12,019 13,547 2,180 20,289
OTHER 15,608 20,794 2h,502 30,251 36,93
Source: Fisherieg rfroduction Statistice of British Columbia, 1988
Province of Britrisgh Columbia, Ministry of Agriculture and Fishelicg

LFish Procuct Exports of British Columbia, 1988; Depariment of Fisheries and Cceans.
2¢ish Froduct Exports of British Columbiz. 1988; Department of Fisheries and Ocears.



Table 2Z-7: SBARE (F SALMIN VWHIESAIF VALUES BY PFRODXCY-TYPE, 1984 1988

M 30

1584 1985 i%0v 1987 1988 AVE
SALMON 276,241 Si5 425,501 583,630 466,788
CANNED 5.%4 G, . 0.40 0.41 0.43
FRESH 5.046 .93 7] D.06 0.0¢ 0.04
PROZEN 5.53 G.40 G 0.45 0.456 0.44
ROBE 9.02 G.62 G 0.02 0.03 0.02
OTHER G.06 34 o 0.07 0.086 0.06
Gogrce: Fisherieg Production Zratisrics of Brit_sh Columbia. 1988

Minizgtrys
B H T

iniztry of Agriculture and Fisheries




CHAPTER 3

DESCRIPTION OF THE INTERMEDIATE MARKET FOR RAW
FISH

A. Contractual Arrangements in the Intermediate Market for Raw Fish

The trading arrangements existing between fish harvesters and fish purchasers
varies both across and within fisheries. At one extreme are transactions in which the
ownership of the fish harvesting and fish processing operations are integrated. In
particular, the processor cwns all of the inputs tho* are required to produce the final
product, including the vessel and gear. At the other extreme are arms'-length transactions
in which all harvesting inputs are owned by one entity and all processing inputs are
owned by a different entity. Between these two extremes lie a myriad of contractual
arrangements between the two parties. In some cases, there may exist partial integration
in the sense that some harvesting inputs are supplied by the processor while others are
supplied by the fisher. In other cases, the operations may be completely separable in
terms of ownership, but the two parties may arrive at an exclusive dealing arrangement.
Given such a multitude of arrangements between fishers and processors, it is difficult to
discern a general process of price determination in this intermediate market. Indeed,
price determination is complicated even for transactions taking place under a given
contractual arrangement.

The price paid for raw fish is a derived price; that is, the price paid depends on
the value of the end products and the costs of "processing”. Processing entails three
distinct activities: the collection of fish; conversion of the raw product into a final

product (i.e., canning, freezing, smoking); and distribution of the processed product.
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Fish end-products are dirferentiated by form (canned, fresh, frozen), market
segment (domestic, export), and quality. This, in turn, results in differentiation in raw
fish species according to delivered product-form (e.g., round, dressed head-on, dressed
head-off, frozen); size (larger fish are typically worth more); area (quality of fish may
vary across areas); and time of year (quality of some fish varies within the season).!

The above factors affect the flexibility that the buyer has in diverting raw fish to
particular markets and the value of that fish in those markets. However, not all of these
factors are necessarily reflected in prices paid to fishers; a significant amount of
"averaging" or "blending" may take place. The averaging process occurs because there is
not a direct correspondence between raw fish and final product-form. That is, deliveries
of fish with identical characteristics are not necessarily directed to the same final market.
Moreover, different firms have different processing costs; consequently, the price
received by fishers can vary from company to company even though all the product may
arrive in the same final market.?

In the intermediate market for net-caught salmon, there exists a uniform
minimum or floor price for each species. This minimum price is determined through
negotiations between representatives of processors and fishers. The majority of large fish
processors belong to the Fisheries Council of British Columbia. This organization
bargains with the United Fishermen and Allied Workers Union (UFAWU) and the Native
Brotherhood in order to arrive at a minimum price for each species of net-caught saimon
prior to the season opening. The UFAWU represents all crew members on salmon seine
vessels, a high percentage of independent gillnet fishers, and a small percentage of the
troll fishers. The Native Brotherhood represents and bargains on behalf of the majority of

Indian fishers on the Pacific coast (Shaffer, 1979:29-30). The minimur: prices are

IDPA Group, Inc., 1986.
2DPA Group, Inc., 1986.
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negotiated in June or early July, and generally reflect a conservative projection for
canned salmon prices. Such projections are, in turn, dependent upon projected landings
in B.C,, Japan and Alaska, world-wide inventories, exchange rates and interest rates.?
The UFAWU and the Fisheries Council of B.C. negotiate two herring pricing
agreements prior to the onset of the fishing season: one covering seine vessels, and the
other covering gillnet vessels. The seine agreement actually sets the minimum price per
ton to be shared by the vessels' crews; it does not fix the landed price. This is much
closer to a wage settlement than is the salmon agreement because it covers only the crew
and makes no provisions for equipment, fuel, or a return to the vessel. The negotiated
minimum price to gillnetters is substantially more than that for seine-caught roe herring.
This price, which includes a return to both capital and labour, more closely approximates
the actual landed price (Schwindt, 1982:105). Although these negotiated prices set a
floor at the outset of the season, the final price paid to fishers depends upon the
contractual arrangements between the fishers and the processors and between the
processor and the Japanese importer. It also depends upon the pricing dynamics on the

fishing grounds.

Although there exist a multitude of contractual arrangements between fishers and
processors, it is useful to define two broad categories of arrangments: spot-market

transactions and incomplete, long-term contractual arrangements.

Spot-Market Transactions
On the one hand there exist "arms length" transactions between fishers and
purchasers. Each party undertakes their requisite seasonal investments prior to the

season-opening. For example, the fisher prepares his/her vessel, and hires a crew, etc.,

3DPA Group, Inc., 1986.
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and the processor invests in processing capacity and equipment, and hires labour, etc. It
is only after the scason has opened and a vessel-load of raw fish has been "produced”,
that the fisher seeks an exchange opportunity with a potential purchaser. The majority of
troll-caught salmon is traded under this arrangement, as is a significant amount of net-
caught salmon. Such exchanges generally take place "on-the-grounds” between the fisher
and a "cash buyer"4. The price on the grounds for net-caught and troll-caught salmon is
mainly set by fresh/frozen market forces. If the fresh/frozen market is strong relative to
the canned market, the grounds price for net-caught fish will be above the minimum
price. Since troll prices are not bound by the minimum price agreement, they tend to be

more volatile than in-season net prices.

Incomplete Long-Term Contracts

The second arrangement under which raw fish is transacted involves measures
taken prior to delivery. That is, a fisher and a purchaser will agree to exchange with one
another prior to the opening of the fishing season. Such arrangements are usually
established between large processors and salmon seiners. Medium-sized processors and
gillnetters also use this arrangement, but to a lesser extent. Note that these arrangements
are not generally defined in explicit, legally enforceable, written contracts. Rather, there
exists an implicit understanding between the two parties: all fish of a particular species
harvested by the fisher will be delivered to the processor; in turn, the processor assures
the fisher that all fish that he/she harvests will be purchased.

Processors operating under this arrangement generally "book" the fish at the time
of delivery. That is, they credit fishers for their catch at the prices prevailing in the area

at the time of delivery. In some years the price for booked fish is equal to the minimum

4Cash buyers do not operate shore services and ususally locate ciose to major population centers in the
Lower Mainland. They often have an order for a specific amount of a particular product at a guaranteed
price. They operate in the fresh/frozen market and turn over the product quickly, often within 24 hours
of taking delivery.
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price; in other years it exceeds the minimum price.’ In addition to the book price many
fishers are also compensated at year-end with "bonuses". The structure of bonus
payments has changed over the years. In the mid- to late-1970s, bonuses were paid in the
form "x cents per pound plus y percent of the book price". Since 1980, the bonus
payment structure has been on a straight percentage basis (i.e., y percent of the book
price times pounds delivered). Today, sockeye generally command a higher bonus
percentage than other species.6

An additional characteristic of these "non-arms-length" transactions is the
existence of non-monetary compensation from salmon purchasers to fishers. Such
compensation includes: fish packing and collection services; vessel financing; the
provision of ice, nets, lofts and moorage; vessel maintenance; the financing of inter- and
intra-seasonal operating expenses; the provision of the vessel itself; and accounting and

banking services.

The intermediate market for roe herring is similar to that for raw salmon in that
there exist both arms-length and non-arms-length arrangements. On the one hand, the
major processors establish vertical ties with fishers, similar to those described for the
salmon fishery. Cash buyers representing smaller processors typically engage in rigorous
price competition for the roe herring. In both the salmon and herring fisheries, there is a
clear motivation for the fishers to deal with the cash buyers, despite their formal or
informal commitments to the major processors. The cash buyers pay more than the going
grounds' prices and also pay in cash, with little attention given to such formalities as the
Income Tax Act. The major processors have actually been known to hire aircraft to
police the fishing grounds, thereby ensuring that commitments are fulfilled (Schwindt,

1982:107).

SDPA Group, Inc., 1986
SDPA Group, Inc., 1986
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The structure of the market for raw halibut is relatively straightforward. Total
supply of Pacific halibut is regulated by International Pacific Halibut Commission. The
Commission sets a catch quota for the fishery, oversees gear regulations and closures,
and delimits the actual fishing season. Unlike the salmon and roe herring fisheries, the
UFAWU plays a very limited role in the determination of landed prices for halibut. An
agreement does exist between the union and some longline fishing vessel owners, but it is
essentially a crew-share agreement and not a price agreement (Schwindt, 1982:114).

The landed price for halibut is determined in auction markets or through direct
negotiations between fishers and buyers, either in Canada or the United States. Auction
markets exist in Prince Rupert and in several American ports, and fishers may sell
through these institutions. There exists a significant degree of arbitrage across auction

markets, facilitated by the use of radiophones (Schwindt, 1982:115).

Like halibut, the price for sablefish appears to be competitively determined. The
UFAWU does not negotiate landed prices but does have a long-standing share
agreement with the vessel owners. Landed prices are negotiated with the fishers upon
delivery of fish. Nominal bonuses are rarely paid and do not compare with those in the

salmon and roe herring fisheries (Schwindt, 1982:120).

The foregoing discussion indicates that salmon trollers, halibut and sablefish
fishers rely predominantly on spot-market arrangements. Salmon and herring seiners, and
to a lesser extent gillnetters, are more likely to rely on incomplete long-term contracts in
order to exchange raw fish. In the past, these assertions have been only casually
supported; that is, they are supported by discussions between fisheries
managers/researchers and industry participants (egs., fishers, plant managers). A major

contribution of this thesis is the collection and compilation of data regarding vertical ties
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between fishers and processors. This information is then related to other characteristics
of the harvesting and processing operations.

As noted previously, there exist many different types of vertical ties between
fishers and processors.” Although an exhaustive set of data on all vertical ties is not
provided, this thesis does provide, for a very large sample, information on vessel
ownership, vessel financing and the payment of season-end bonuses. This information is
then related to othe: characteristics of individual transactions between fishers and

Processors.

B. Presentation of the Data

Information on vessel ownership and debt has been obtained from the Ship's
Registry. This information is available only for those vessels that are "registered” with a
Canadian port. Registration is a legal requirement for vessels that meet certain
specifications with respect to size and weight. The majority of commercial fishing vessels
meet these specifications and are thus registered. This information was obtained for all
vessels that were licensed to fish either salmon, herring, halibut, or sablefish in the
1990/1991 season and results in a sample of 3,255 vessels. Note that many of the vessels
included in this sample also participated in fisheries in addition to the four specified
above.

The 1988 Cost and Earnings Survey, conducted by the Department of Fisheries
Oceans, provides information on total earnings and season-end bonuses by fishery, and
identifies the gear-types employed, for a large subset of B.C. commercial fishing vessels.

From this subset, I have selected for my sample those respondents that participated in at

TRecall that the various vertical ties include fish packing and collection services, vessel financing, the
provision of ice, nets, lofts and moorage, etc.
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least one of the salmon, halibut, herring, or sablefish fisheries. This selection criterion
results in a sample of 568 vessels. A somewhat unfortunate characteristic of this sample
stems from the fact that the 1988 Cost and Earnings Survey was "boycotted" by
processor-owned vessels. It would be informative to observe the incidence of season-end
bonuses across processor-owned vessels relative to non-processor-owned vessels.

For each of the vessels in both samples, the Statistics Branch of the Department
of Fisheries and Oceans has proviced data on the distribution of each delivery across
species, sub-species, gear-type, delivered product-form, and buyer. For each of the
companies that purchased salmon, herring, halibut and/or sablefish, the B.C. Ministry of
Agriculture and Fisheries has provided data on the distribution of wholesale earnings
across species, sub-species, and final product-form.

Table 3-1 summarizes ownership and debt information for a total of 3,255
commercial fishing vessels, all of which participated in at least one of the salmon,
herring, halibut or sablefish fisheries in the 1990/1991 fishing season. There are 64
ownership shares attached to all commercial fishing vessels. The majority of the vessels
(1,861 or 57%) in the sample are entirely owned by one individual; 319 vessels, or 10%
of the sample, are jointly owned (that is, each of the 64 shares are jointly owned by two
or more individuals}; 99 vessels (3% of the sample) have the 64 shares distributed
(equally or unequally) across two or more individuals in a partnership; 707 vessels (22%
of the sample) are either fully or partially owned by an incorporated enterprise, exclusive
of any processors; and 269 (8% of the sample) are fully or partially owned by
processors. The low proportion of processor-owned vessels is partly due to a
government restriction. Under the terms of the salmon licence limitation program,
implemented by the Davis Plan in 1968, direct processor ownership of the salmon fleet is

limited to 12%.
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Table 3-1: OWNERSHIP AND DEBT INFORMATION OF REGISTERED FISHING VESSELS, 1991

Individual Joint Partner- Incorporated Processor
Ownership Ownership ship Enterprise Ownership Total

No 634 102 28 237 123 1124

Debt

Debt Held With

Individual{s) 918 201 62 398 86 1665

or Financial

Institution(s)

Debt Held With 309 16 9 74 60 468

Processgor

Total 1861 319 99 707 269 3255

The majority of the vessels in this sample (1,665 or 51%) serve as collateral on
debt held with either individuals or financial institutions; there is no vessel-associated
debt for 1,124 vessels (34% of the sample); and 468 vessels (14% of the sample) served

as collateral on debt held with processors.

Processor ownership and processor financing of the fishing vessel are two types
of vertical ties existing between fishers and processors. Table 3-2 summarizes the way in
which the ownership status of vessels varies across gear-types employed in the
harvesting sector.

The last column shows the total number of sample vessels belonging to each gear
category. For example, of the 3,255 vessels in the sample, 506 were equipped with only

seine gear, 360 with only gillnet gear, and 464 with only troll gear. The sample also
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consists of a number of vessels equipped with multiple gear-types. For example, 1,544
vessels used combination (gillnet and troll) gear, 59 employed both longline and trap
gear, 211 used combination gear, longline gear and trap gear, etc.

The information of particular significance in this table is the fact that the most
common type of ownership for the "seine-only" vessels is that of processor or wholesaler
ownership. Specifically, 211 of the 506 seiners, or 42%, have wholesaler ownership
interest. The second most common type of ownership for “"seine-only" gear is that of an
incorporated (non-processing) enterprise; specifically, 161 of the 506 "seine-only”
vessels, or 32%, were owned by incorporated enterprises. The remaining 26% of "seine-
only" vessels were distributed across the other categories of ownership: individual or
joint ownership, or a partnership arrangement.

No other gear-type category has processor ownership as the predominant type of
vessel ownership. For example, the most common type of ownership for gillnet, troll,
and combination gear is that by individuals; indeed, for these gear-types, processor
ownership is the least common type of vessel ownership. The most common for
longline/trap gear is that by non-processor incorporated enterprise.

This data suggests that there may be a link between contractual choice in the
intermediate market for raw fish and attributes of the harvesting technology employed in
transactions. In particular, the data indicates that seine gear may have attributes that

increase the tendency for the transactirg parties to establish vertical ties.

Table 3-3 depicts the debt-status of wie 2,986 non-processor owned vessels
across gear-type categories. As illustrated, 295 of the non-processor owned vessels
employed only seine gear, 357 employed only gillnet gear, etc. Note that the majority of
these "seine-only" vessels are financed by either individuals or financial institutions (133

of the 295 vessels, or 45%). However, a larger proportion of "seine-only" vessels

39



Table 3-2: OWNERSHIP FTATUS OF REGISTERED VESSELS RTROS5 GEAR-TYPE, 1991
Individual)l Jolntly Partaer- Incorporated Processca
Oownership Owned ship Enterprise ownership fotal

Seline Gear 90 9 26 151 211 S0F
only
Gillnet 265 45 7 40 3 160
Gear 9nly
Troll Gear 300 75 18 66 5 464
only
Combination 1052 161 3% 278 14 1544
G/T Gear
Longline/ 13 1 1 27 17 59
Trap
Seine/Long- 3 1 3 28 14 a0
line/Trap
Gillnet/Long- 5 3 o} 0 [¢] 8
line/Trap
Troll/Long- 16 5 1 29 3 €4
line/7rap
Combination/ 108 19 4 78 2 211
Longline/Trap
Total 1861 319 99 707 269 325%

(86 of 295, or 29%) have processor debt than any of the other gear-type categories. The
gear-type category that has the second largest proportion o1 vessels financed by
processors is that identified as “"seine/longline/trap”. Observe that there are 35 vessels in
the sample that employ these threc gear-types; 9 of the 35 { 26%) were financed by
processors. Thus, althouzh processors are not the dominant source of financing for any
of the gear-type categories, seiners do rely more hezvily cn processor-tinancing than do

other vessels.
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Tabloe 3-~3: DEBT STATUS OF NON-PROCESSOR OWWJED VESSELS ATROSS GEAR, 1551
Debt Held With
Individual(g) »r
Financial Debt Held

%o Deb: Ins-itution(s) With Processor Total
8cine Gear 76 133 86 295
Only
Gillnet 126 195 36 357
Gear Only
Troll Gear 164 269 26 459
Only
Combination 533 784 213 1530
3/T Gear
Longline/ 12 23 7 42
Trap
Seine/Lung- 9 17 9 35
line/Trap
Gillnet/Long- 6 2 0 8
lina/Tray
Troll/iong- 15 34 2 51
line/Trap
Combination; 5¢ P4 26 209
Lornglins/Trap
Total 1000 1578 408 2986

1 ooking at the information in tables 3-2 and 3-3 together, observe that there is :.
total of 506 vessels that employed seine gear alone. Fifty-nine percent, or 220 of these
5535 vessels, are either owned by a processor or have debt with a processor. For no other

gear-type category is th: incidence of these particular vertical ties as high. Fcr example,
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gear-type caiegory is the incidence of these particular vertical ties as high. ffor example,
of the 360 vessels employing gillnet gear alene, 39 or 11% of them are owned or
financed by a processor. Of the 464 vessels employing only troll gear, 31 or 7% exhibis
one of these vertical ties with a processor. The second-highest incidence of verticzal ties
occurs in the longline/trap caiwcgory, where 24 of the 59 vessels (or 419%) are either
owrned or financed by processors. None of the vessels in the sample employ only one ¢f
longline nr trap gear; taus, it is 110t possible from the information given in tables 3-2 and
3-3 to determine which of these gear-types, if any, motivates the formation of vertical
ties. The high proportion of seine vessels that are owned or financed by processors is of
particular significance when considering the facts that, seine gear alone accounts for

apprximately 50% of the total salmon catch, and for 56% of the herring landings.

Table 3-4 summarizes the Cost & Earnings Survey information on ceason-end
bonus payments. There are a totz] of 568 survey respondents in my sample: 540 vessels
participated in tlic saimon fishery, 97 in the roe herring fishery, 96 in the halibut fishery
and 27 in the sablet.sh fishery. These are not mutuaily exclusive categories. That is, some
vessels participated in more than one of these fisheries. Column 3 indicates that 183 of
the 54C salmon vessels, or 34%, received a salmon bonus; 14 of the 97 vessels fishing
herring, or 14%, reccived a herring bonus; 1 halibut vessel received a bonus, and 2
sablefish vessels received bonuses. Column 4 indicates the average size of the bonus
received as a percentage cf total earnings, as reported in the survey. Averaging the size
of the salmon bonus over the 183 vessels that reported receiving 2 bonus, it is found that
this bonus constituted 24% cf their salmon earnings in 1988. Similarly, of the 14 vessels
rec:1ving herring bonuses, the bcnus, on average, accounted for 17% of tota: earnings.
Given the very small number cf halibut and sablefish vessels szporting bonuses, litile

importance can be attached to the size « f these bonuses.
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The information in Table 3-4 indicates that salmon and, to a lesser extent,
herring, may have characteristics which induce vertical ties between fishers and
processors. Table 3-5 illustrates the way in which the incidence and size of bonuses vary
across the gear-types employed in each fishery. Of the 118 vessels in the sample that
employed salmon seine gear, 72, or 61% reported receiving a bonus; the average size of
this bonus as a percentage of earnings was 31%. Similarly, 16% of salmon gillnetters
received bonuses, the average size of which was 12% of salmon eamnings; 33% of salmon
trollers received bonuses, the average size of which was 7% of salmon earnings. Thirty
percent of salmon combination gillnet/trollers received an average bonus of 5% of
salmon earnings. With respect to the herring fishery, bonuses were also mere common
among seiners than gillnetters, and were also larger as a percentage of herring income.
Thus, the information in Table 3-5 adds further support to the possibility that some
characteristics of seine gear may motivate fishers and processors to establish vertical ties.
Not only does the payment of season-end bonuses appear to be more common to seiners,

but the size of these bonuses are larger than those to vessels employing other gear-types.

The information provided in table; 3-1 - 3-5 establishes that there do exist
empirical regularities between the incidence of vertical ties and certain aspects of the
harvesting sector. In particular, vertical ties appear to be most common in the salmon
fishery and with vessels employing seine gear. Are there any empirical regularities

regarding the incidence of vertical ties and aspects of the processing sector?
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Table 3-4: NUMBER OF VESSELS RECBIVING BONUSES AND AVERAGE SIZE OF
BONUS ACROSS SPECIES, 1986w
Total Number of Vessels Average
Number of Receiving Size

Species Vessels{l) Bonus{2) of Bonus{3)

Salmon 540 183 24%
{95%) (34%)

Herring 97 14 17%
(17%) (14%)

Halibut g6 1 32%
{17%) (1%}

Sablefish 27 2 4%
{5%) (7%)

*Based on a sample of 568 wvessels that responded to the Department of Fisheries
and Oceans 1688 Cost & Earnings Survey

(1)

(2}

{3}

The bracketed terms refer to the percentage of sample vesgelg reporting

earnings from the corresponding species category
The bracketed terms refer to the percentage of vessels in the corresponding
species category that received a bonus

Refers to bonus as a percent of total earnings from the corresponding specles
category; includes only those vegsels that received a bonus from deliveries
of that species {i.e., i{bonus / total earnings from species]xl100)




Table 3-5: NUMBER OF VESSELS RECEIVING BONUSES AND AVERAGE SBSIZE OF BONUS

ACRO55 GEAR-TYPE, 19898*

Number of Vessels Average

Total Number Receiving 5ize of
Gear Type of Vessels (1) Bonus (2) Bonus (3)
salmon 118 72 31%
Seline (21%) {(61%)
Balmon 147 23 12%
Gillnst (26%) {16%)
Balmon 170 56 7%
Troll (30%) (33%)
Combination
Salmon 105 32 5%
Giilnet-Troll (18%) (30%)
Herring 39 9 18%
Seine (7%) (23%)
Herring 59 5 12%
Gillnet (10%) (9%)
Halibut 96 1 32%
Longline (17%) (1%)
sablefish 17 0 -
Longline (3%)
Sablefish 11 2 4%
Trap (2%) (18%)

* Based on a sample of 568 vessels responding to the Department of Fisheries
and Oceans 1988 Cost & Earnings Survey

{1) Bracketed terms refer to the percentage of sample vessels that reported earnings
from the corresponding gear-type category

(2} Bracketed terms refer to the percentage of vessels in the corresponding gear-type
category that received a bonus for deliveries deriving from that gear-type

(3} Refers to bonus as a percent of total earnings from deliveries made with the
corresponding gear-type; averaged over only those vessels that received a bonus
{i.e., [bonus / total earnings]x100)
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Number of
Companiesg

Average
Proportion of
Earnings From
Salmon Sales

Average

Propcrtion of
Barnings from
Herring Sales

Average

Proportion of
EBarnings From
Halibut Sales

Average
Proportion of
Earnings From
Sablefish sales

Average

Proportion of
Barnings From
Other Species

PROCESSING ACROSS SPECIES AND ACROSS PROCESSORS

CATEGORIZED BY OWNERSHIP AND INVESTMENT IN VESSELS, 1988
Processors Processors
Processors Holding Debt that Neither Own
Owning in Non-Processor or Hold Debt
Vessels Owned Vegsels in Vessels
9 io0 113
61.9% 53.3% 61.9%

19% 12.8% 3.9%
12.3% 4.3% 2.3%
0.4% 0.7% 2.5%
6.4% 28.9% 29.4%

Table 3-6 summarizes the relationship between the proportion of wholesale

earnings derived from the different fisheries and processor ownership and financing of

harvesting operations. In 1988 there were 132 wholesalers that derived revenue from the
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sale of at least one of the fish species under consideration. Nine of these processors
owned commercial fishing vessels, and an additional ten provided financing to
commercial fishing operations. The nine wholesalers that had direct ownership in vessels
received an average of 61.9% of fish wholesale earnings from salmon sales, 19% from
herring sales, 12.3% from halibut sales, 0.4% from sablefish sales, and 6.4% from sales
of other species. Thus, salmon and herring together account for approximately 81% of
wholesale earnings for these firms. With respect to the wholesalers that financed fishing
operations, salmon and herring together accounted for about 66% of wholesale
revenues. Processors that neither owned nor financed harvesting operations also derived
approximately 66% of wholesale revenues from the sale of salmon and herring products.
This data suggests that processors relying heavily on revenues from salmon or
herring products are more likely to own vessels than firms relying to a lesser extent on
these species. Casual observation of the data, however, does not suggest a connection
between the distribution of wholesale revenue across species and the tendency of a

processor to finance a vessel.

Table 3-7 shows the way in which the average proportion of whoiesale earnings
from different final product-forms varies across these same groups of processors. This
data suggests 2 strong connection between the existence of vertical ties and the
processors' reliance on canned salmon and herring roe earnings.

The nine processors that owned vessels received an average of 19% of wholesale
earnings from the sale of "own-canned" salmon (i.e., salmon canned by the wholesaler);
an average of 3.5% of wholesale earnings came from the sale of "custom-canned"
salmon (i.e., salmon canned by another processor and sold back to the wholesaler).
Similarly, these nine vessels received 13.5% of earnings from the sales of fresh salmon,
23% from the sale of frozen salmon, 16.2% of from the sale of processed herring roe,
11.6% from the sale of fresh halibut, and 9.7% from the sale of other species. Additional
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wholesale revenues are earned from relatively insignificant sales of smoked salmon,
salmon roe, frozen halibut, and sablefish. Note that these processor having ownership in
fishing vessels made 35.2% of their wholesale earnings from own-canned salmon and
herring roe combined.

The 10 processors that did not own vessels but did finance vessels relicd much
less heavily on earnings from the production of own-canned salmon (1.3% of wholesale
revenue) and herring roe (3.5%) and much more heavily on earnings from other species.
These 10 processors thus derived 4.8% of their earnings from own-canned salmon and
herring roe.

The 113 wholesalers who neither owned nor financed fishing vessels received
virtually no earnings from the sale of own-canned salimon (0.14%) and very little from
herring roe (1.5%). Thus, less than 2% of wholesale earnings were derived from the sale
of own-canned salmon and herring roe for these processors.

Thus, processors establishing very strong vertical ties with fishers (i.e., vessel
ownership) rely very heavily on earnings from own-canned salmon and herring roe.
Conversely, processors without strong vertical ties (i.e., neither owning nor financing

vessels) exhibit almost no reliance on earnings from these two product-forms.

Table 3-8 shows the way in which the average proportion of wholesale earnings
from different final product-forms varies across bonus-paying and non-bonus-paying
processors. Note that there were 16 companies in 1988 that paid a season-end bonus,
while 116 companies in the sample did not pay bonuses. Observe the average distribution
of wholesale earnings across final product-form for those companies paying season-end
bonuses. These companies received, on average, 11% of wholesale earnings from the
sale of own-canned salmon, 33.4% from the sale of frozen sa’mon, and 13.8% from
herring roe sales. Companies that paid no bonus relied much less heavily on wholesale

earnings from these categories of final product-form. For example, on average, only
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0.14% of wholesale earnings was derived from the sale of own-canned salmon, 20.6%

from frozen salmon and 1.1% from herring roe.

The purpose of this thesis is to explain the variation in contractual arrangements
that exist both across and within these fisheries. Specifically: Why are troll-caught
salmon, halibut and sablefish primarily exchanged under arms’ length transactions, while
seine-caught saimon and herring are traded between fishers and processors having strong
vertical ties with one another? Why do processors that rely more heavily on canned
salmon and herring roe revenues establish stronger vertical ties with fishers than do those

wholesalers relying less heavily on these final product-forms?

x
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Table 3-7:

AVERAGE PROPORTION OF WHOLESALE EBARNINGS FROM FISH-PROCESSING
ACROSS FINAL PRODUCT-FPORM, AND ACROSS COMPANIES CATEGORIZED
BY OWNERSHIP AND INVESTMENT IN VESSELS, 1988

Processors Processgors
Processors Holding Debt Processors that Neither Own
Oowning in Non-Processor that Paid or Hold Debt
Vessels Owned Vesasels Bonuses in Vessels
Number of 9 10 16 113
Processors
Own-Canned 19% 1.3% 11.0% 0.14%
S8almon
Custom-Canned 3.5% 2.5% 3.0% 4.44%
S8almon
Fresh 13.5% 5.8% 10.3% 15.9%
S8almon
Frozen 23% 38.9% 33.4% 20.6%
Salmon
Smoked 0.7% 4.1% 0.6% 16.7%
Salmon
Salmon 1.9% 0.6% 1.3% 3.4%
Roe
Herring 16.2% 3.5% 13.8% 1.5%
Roe
Fresh 11.6% 3.0% 1.4% 1.5%
Hallbut
FProzen 0.7% 0.9% 2.2% 0.7%
Halibut
FPresh 0.0% 0.0% 0.0% 0.14%
Sablefish
Frozen 0.22 0.6%8 1.7% 2.,0%
Sablefish
8moked 0.0% 0.0% 0.0% 0.3%
8ablefish
Other 9.7% 38.8% 20.8% 32.7%
8pecies
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Table 3-8:

AVERAGE PROPORTION OF WHOLESALE EARNINGS BY PRODUCT-FORM

ACROSS CCHMPANIES CATEGORIZED BY BONUS PAYMENTS, 1988

Number of
Proceasors

Oown-Canned
Salmon

Custom
Canned

Salmon

Fresh
Salmon

Frozen
Salmon

Smoked
Salmon

Salmon
Roe

Herring
Roe

Fresh
Hallibut

Prozen
Halibut

Fresh
Sablefish

Frozen
Sablefish

Smoked
Sablefish

Other

Companles that
Pald Bonuses

16

10.3%

33.4%

13.8%

20.8%

Companies that
Palid no Bonus

116

0.14%

15.6%

20.6%

16.6%

32.9%




CHAPTER 4: LITERATURE REVIEW

The purpose o: this chapter is to review prominent theories of vertical integration
and/or contractual structure in order to determine their relevance to observed contractual
arrangements in the intermediate market for raw fish. First, it is useful to reiterate the
contractual structure we are trying to explain. The vast majority of transactions in the
B.C. intermediate market for raw fish are conducted in one of two ways: autonomous, or
arms' length, exchange; or through incomplete long-term contracts characterized by non-
price compensation (i.e., processor provision of vessel, gear, financing, maintenance, ice,
storage, accounting and banking services, and/or season-end bonuses). The appropriate

paradigm must explain two things:

1. the structure of the long-term contract; that is, why are fishers compensated
with non-price payments?

2. the empirical regularities regarding contractual choice;

There exists a large body of literature dealing with .ue efficacious exchange of
products between stages of production and distribution. At a rudimentary level, the
primary distinction is between inter-firm and intra-firm transactions. The latter involves
the owner of a firm undertaking the production of an intermediate input, or integrating
forward into the production of a final product. An inter-firm transaction, on the other
hand, involves the owner of the downstream firm purchasing the intermediate input from

a separately owned upstream firm.
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The usefulness of the above distinction is limited in that there are a variety of
ways to complete each of inter-firm and intra-firm transactions. That is, between the two
polar extremes of outright ownership and autonomous contracting are a multitude of
complex contractual arrangements. Thus, rather than explicitly distinguishing between
inter-firm and intra-firm transactions, it is convenient to define an exchange as taking
place under a particular "governance structure”!.

Much of the literature focuses on how costs of production and/or transaction
vary across different governance structures. The technological relationship between the
harvesting and processing of raw fish renders some of this literature inapplicable. In
particular, the harvesting and processing stages of production are completely separable.
Moreover, no technological economies of scale are generated in the production of either
the intermediate or final product when the ownership of the operations is combined.

Two main bodies of literature potentially contribute to the understanding of how
transactions are completed in the intermediate market for raw fish. One posits that the
choice of contractual arrangement is mot:vated by the pursuit or maintenance of market
power. The other maintains that the rules governing transactions are adopted so as to
minimize the cost of transacting.? Although not all of the theories considered within this
second category are generally recognized as "transaction-cost" theories, I adopt
Williamson's view that "...the vertical integration of technologically separable production

stages ultimately turns on transactional considerations"3.

'Williamson, 1975.
2Note that these two categories of explanation are not mutually exclusive.
3Williamson, 1975:83.
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Market Power Incentives

A few studies have explicitly attempted to explain the industrial crganization of
the intermediate market for raw fish. In rationalizing the use of non-price compensation
mechanisms, each of these studies points to the pursuit or maintenance of market power

in the processing sector as being ihe prime determinant of contractual choice.

Strategic Collusion
Shaffer (1979), Schwindt (1982) and Pinkerton (1987) have inaependently

studied the structure of the British Columbia intermediatc market {or raw rish. Shaffer
focused exclusively on the salmon fishery, while Schwindt and Pinkerton covered severat
fisheries, including the salmon fishery.

The overriding theme in the three studies is that non-price competition promotes
collusive behaviour among processors, the goal of which is to avoid "destructive" price
competition. In general, then, the three studies suggest that the contractual structure in
the intermediate market for raw fish is chosen so as to promote strategic collusion.
Shaffer asserts that "... because of the concentration of buying in the raw salmon
markets, the buyers are aware of their mutual dependence; they are aware of the self-
defeating nature of price competition. . . . Conscqaently, the buyers try to engage in non-
price as opposed to price competition.”* Similarly, Schwindt maintains that "....the
existence of this type of non-price competition is not surprising. The market is
characterized by oligopsony, and by their nature oligopsonists are loath to enter into
price competition, especially for a homogeneous product.”S Pinkerton (1987) also
alludes to strategic collusive behaviour on the part of processors: "The supply of fish is
limited, and neither large nor small firms wish to attract further entry nor bid up the price

too much. Firms . . . find it convenient to cooperate in various ways, including holding

“Shaffer, 1979:11.
SSchwindt, 1982:34.
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raw fish prices low."¢ "Competidon by processors in the provision of services to fishers

is simultaneously the most direct method of acquiring supply and of avoiding price

3

competition."? This is particularly important, according to Pinkert)n, for canners. who

are dependent oa securing enough volume to lower production costs.®

Thus, these authors each assert that, because the market for raw salmon is
oligopsonistic, processo-s have the oppcriunity, through implicit or explicit collusion, to
keep the price cf raw salmon iower than would be possible if the buyers' side of the
market was more competitive. When processors offer a higher price for raw {ish in order
10 attract supply, other firms in the industry are likely to respond by doing the same in
order to mzintain their share of the raw fish supply. As the price of raw fish riscs,
processors' profits are roded. Thus, such behaviour is viewed as "destructive" price
competition.

Of course, non-price conipensaiion (egs., the provision of bonuses and ancillary
services; is itself costly, and, therefore, inversely related to processors' profits. Thus, the
erosion of profits is not avoided by the partial replacement of price compensation with
nor-price compensation mechanisms. Under what circumstances, ther, does the practice
of ron-price competition serve the interest of a collusive oligopsony? That is, is it
consistent to collude with respect to price, but not with respect to other aspects (i.e.,
noa-price aspects) of the transaction?

The intent of collusior among oligopsonists is to maximize joint profiis.
Traditional formulations of the oligopoly problem conclude that the joint profits of firms

in an industry arc maximized when they act together as a monogpolist. Stigler (164)

Pinkerton, 1987:74

“P:nkerton, 1987:75

3In order for larger supplies of fish to result in lower production costs, there must exist economies of
scale in canning. Although Pinkerton insists that large firm do enjoy economies of scale in canning,
Schwindt and Shaffer insisi that economies of scale are insignificant beyond the medium-sized firm.
The point, however, is that if canners do experience economies of scale and attempt to ensure adequate
supplies for themselves. vhy emplcy non-price compensation rather than price compensation?



modifies this theory by presenting an account of the factors governing the feasibility of
collusion. The success of any collusive agreement rests vpon the ability to enforce the
agreement. "Enforcement consists basically of detecting significant deviations in the
agrool-upon prices."? Given detection, deviation frem the collusive price by any one firm
will no longer be picfitable since it will be matched by other firms. Schwindt (1982)
justifies the use of non-price compensation as follows: "Defecticn by any processor from
a given price level is easi.y detected by, and communicated amongst, fishermen. . . The
provision of services is both difficuit to valvate and difficult to police, and thus provides
an ideal methcd of competing."!® Thus, if non-price variation is less observable or
measurable than changes in per-unit prices, it is conceivable that an oligopsonistic firm
could use such methods to attract fish supplies without starting a "price” or a "non-price"
war.

If, however, enforcement is weak, owing to lags in detection and/or incomplete
deicction, the collusive agreement is rendered ineffective. We would expect firms
collectively seeking joint profit maximization to revise the agreement so that the
inducements to raising non-price compensation were small, or to restrict collusive
behaviour to areas in which effective enforcement were possible.

Thus, it does not appear that processors that use non-price compensation are
attempting to protect themselves from competition with each other 7The above
discussion indicates that non-price compensation hinders rather than promotes such an
objective. However, competition in non-price services may serve to protect processors

that use ron-price compensatics: from those who do not and/or may serve to prevent

entry.

“Stigler, 1964:47.
10Schwindt, 1982:34
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Strategic Entry Deterrence

Non-autonomous contracting for the intermediate product may serve to support
a non-competitive market structure by promoting entry barriers. For example, suppose a
downstream firm procures supplies of the intermediate input, either through vertical
integration or, say, an exclusive dealing arrangement. In some cases, such procurement
of the intermediate input may make it more difficult for new firms to enter the industry
(Aghion and Bolton, 1987; Krattenmaker and Salop, 1986; McAfee and McMillan,
1986; Rey and Tirole, 1986). In order to participate in the downstream industry, a
potential entrant wili either have to undertake production of the intermediate input, or
purchase the input from established rivals. In the first instance, the potential entrant's
sunk costs of production are higher than would be otherwise. In addition to investing in
processing facilities, the entrant would also have to invest in harvesting capacity (i.e.,
vessel, gear, etc.). The established firms, having already incurred these harvesting costs,
may attempt to deter entry by lowering the price of the final product so as to render
entry unprofitable. Similarly, if a potential entrant, rather than integrating backward,
were to attempt to purchase the intermediate input from an established rival, it may also
be at a cost disadvantage. While the established firm would supply itself with the input at
marginal cost, it is uniikely to practice marginal-cost pricing in its sales to a rival firm. If
esiablished processors own the majority of raw fish supplies, and if the processing sector
is not competitive, an established firm will maximize profits from sales of the
intermediate input by charging a price that exceeds the marginal cost of producing the

intermediate input.

Shaffer (1979) conducted an economic study of the structure of the B.C. salmon

industry, the purpose of which was to determine the implications of industry structure for

industry behaviour and performance. He explicitly adopts the “limit-pricing model” in
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explaining the pricing behaviour of the B.C. salmon processing sector. Specifically, he
maintains that the oligopsonistic processors collude so as to prevent the entry of
additional firms. That is, the "total price” (money price + non-price compensation) for
the intermediate product is set high enough so that a potential entrant finds entry
unprofitable. The non-price compensation mechanisms (i.e., provision of vessel, credit,
services. etc.) are viewed as a barrier to the entry of new wholesalers. A new entrant
would have to "lure” fishers away from processors with whom they have vertical ties in

order to participate in the market.

Does the empirical evidence offered in the previous chapter support the
hypothesis that non-price compensation is strategically used to deter entry into the B.C.
processing sector? The data indicates that non-price compensation is most common in
exchanges between salmon canners and salmon seiners, and between processors of
herring roe and herring seiners. In order for this hypothesis to be consistent with the
data, it must be explained why salmon canners and herring roe processors are more
desirous of entry prevention, or better able to deter entry, than are other wholesalers.

Note that Shaffer's study was confined to the B.C. salmon industry. He noted,
however, that buyer-seller ties were much greater for the traditionally-canned species
(and net landings generally) than for the principal fresh/frozen species (and troll landings
generally). He atzibutes the existence of entry prevention through non-price competition
in the salmon canning sector, and its absence in the fresh/frozen salmon market, to the
fact that the canning sector is a "strong oligopsony”, while the buyers operating in the
fresh/frozen market form a "weak oligopsony”. As such, fresh/frozen wholesalers ". . .
are subject to a greater degree of price competition.” (Shaffer, 1979: 76).

The distinction between "weak” and "strong" oligopsony is necessarily somewhat
arbitrary. The measure used by Shaffer to characterize market structure is the share of

salmon production-value by largest firms. In 1976, the three largest processors
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accounted for 81.7% of the value of canned production and 48.7% of the value of
fresh/frozen production; the five largest processors accounted for 89.1% of canned and
62.4% of fresh/frozen. Schwindt (1982) reports that, in 1980, the two largest enterprises
accounted for 58.7% of canned production sales, and 54% of frozen production sales,
while the four largest accounted for 76.1% of canned and 63% of frozen production
sales. Thus, the distinction between "strong" and "weak" oligopsonies had become less
pronounced by 1980.

Industry concentration statistics for 1988 are presented in Tables 4-1 and 4-2.
Table 4-1 depicts, for each of the four species, the proportion of landed weight
purchased across groups of firms. The information in Table 4-1 indicates that there is a
high degree of industry concentration in the purchase of fish landings for all of the noted
species, although this concentration is less pronounced for halibut purchases. The three
largest firms in each fishery purchased 56.7% of the weight of salmon landings, 64.3% of
herring landings, 67.7% of sablefish landings and 32.6% of halibut landings.

Table 4-2 shows the proportion of wholesale earnings by product-type across
groups of iirms. This information indicates that there is a high concentration of industry
wholesale earnings in each of the product-types considered. This corcentration is highest
for smoked sablefish where the three largest firms accounted for 84% of wholesale
earnings, followed by canned salmon where the three largest firms accounted for 82.9%
of wholesale earnings, and then by fresh salmon, where the three largest firms accounted
for 62.1% of wholesale earnings.

Support for the strategic collusion hypotliesis would be indicated by a positive
correlation between industry concentration and the incidence of non-price compensation.
Casual empiricism does not offer this support, but nor does it indicate rejection of the
strategic collusion hypothesis. The industry concentration data presented in Tables 4-1
and 4-2 indicates that purchases of all species and wholesale earnings from all final
product-types are highly concentrated among a few firms. The data presented in Tables
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3-7 and 3-8, however, indicates that non-price compensation is most commonly used by
processors relying heavily on earnings from canned salmon and herring roe. Thus, non-
price competition for raw fish supplies does not appear to vary across fisheries or final
product form in the same way as does industry concentration. A more rigorous analysis
of the correlation between industry concentration and the use of non-price
compensation is undertaken in Chapter 6.

Although the market structure of the processing sector is considered by this
author to have an important influence on the nature of the contract, concentration levels
alone do not appear to explain observed variations in contractual arrangements across
fisheries or across final product-forms. This thesis offers an alternative explanation for
observed contractual structure in the intermediate market for raw fish. Note that the
structure of the processing sector is not dismissed by this thesis as an important
determinant to the structure of the contractual relationship existing between fishers and
processors. Rather, it is the hypotliesis that the contractual structure is chosen so as to
promote or maintain market power among fish wholesalers/processors that is
questionable. Even if fish processing was conducted within a competitive industry, it is
possible that the transacting parties would rely, under certain circumstances, partially

upon non-price compensation mechanisms.



Table 4-1: INDUSTRY CONCENTRATION OF DELIVERIES BY SPECIES, 1588

Salmon Herring Halibut Sablefish
3 Largest 56.7% 64.3% 32.6% 67.7%
Firms
4 Largest 62.8% 72.2% 38.8% 75.5%
Firms
Total Number 77 12 45 40
of Pirms

Source: Data compiled from unpublished statistics obtained from the
Statistics Division, Department of Fisheries and Oceans, Vancouver




Table 4-2: INDUSTRY CONCENTRATION OF FISH WHOLRSALE RARNINGS BY

FINAL PRODUCT-FORM, 1988

3 Largest 4 Largest Total Numbaer
Firms Firms of Firms
Canned 82.9% 87.8% 27
Salmon
Fresh 62.1% 71.4% 67
Salmon
Frozen 37.6% 44.2% 70
Salmon
Smoked 50.8% 59.9% 43
Salmon
Salmon 59.4% 67.0% 36
Roe
Fresh 47.3% 53.6% 39
Halibut
Frozen 46.4% 58.2% 34
Halibut
Fresh 56.9% 62.9% 23
Sablefish
Frozen 35.1% 40.8% 28
Sablefish
Smoked 24.0% 88.5% 8
Sablefish
Berring 50.0% 68.7% 14
Roe

Source: Data compiled from unpublished statistics obtained from the Ministry of
Fisheries and Agriculture, Province of British Columbia




Transaction Cost Economies

The importance of "transactions costs" in determining whether a transaction will
take place across firms or within a single firm was recognized by Coase (1937). He
stressed that, if an intra-firm transaction is deemed more profitable than an inter-firm
transaction, there must be a cost to using the price mechanism. Coase (1937) and
Williamson (1975) have distinguished four types of transaction costs. First, some
contingencies that the parties to the transaction will face may not be foreseeable at the
contracting date. Adapting to such circumstances when they occur may involve costly
negotiations between the two parties. Second, even if they could be foreseen, there may
be too many contingencies to write into the contract. Third, monitoring the contract, or
ensuring that the other party abides by the terms of the contract, may be costly. Fourth,
enforcing the contract, either through the legal system or the market mechanism, may be

costly.

Risk-Bearing and Moral Hazard

The adoption of a particular governance structure may stem from the desire to
remedy a moral hazard problem. Moral hazard problems arise because of the "conjoining
of inharmonious incentives with uncertainty"!!. On the one hand, the theory of optimal
insurance demonstrates that the optimal division of profit between a risk-neutral party
and a risk-averse party has the former bear all the risk, if incentive issues are left aside
(Arrow, 1970; Borch, 1963). That is, the risk-averse party should have a constant
income over all states of nature. On the other hand, such an insurance scheme eliminates
the incentive of the risk-averse party to behave as a joint profit-maximizing agent

(Holmstrom, 1979; Shavell, 1979; Grossman and Hart, 1983).

Hwilliamson, 1975.
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Williamson (1975:84) illustrates the moral hazard problem by considering the
problem of contracting for an intermediate good whose final cost is subject to
uncertainty. Given that the supplier is risk-averse, a fixed-price contract to deliver a
specific amount will be undertaken only if that price includes a risk premium acceptable
to the supplier. A risk-neutral buyer may prefer to bear the risk by offering a cost-plus
contract. This contract, however, impairs the incentives of the supplier to achieve least-
cost performance. The integration of the two stages of production attenuates the
opportunistic incentives of the supplier, and is also likely to reduce the monitoring costs
of the buyer (Alchian and Demsetz, 1972).

Does non-price compensation from processors to fishers serve to reallocate risk
between fishers and processors so as to reduce transacticns costs and promote efficient
exchange? Non-arms' length transactions involve processor-provision of some
combination of vessel, gear, financing, repair and maintenance, ice, nets and lofts, and
accounting and banking services. The fishers then receive a piece rate, determined at the
time of exchange. This arrangement may be thought of as a variation of the "cost-plus"
contract. A processor takes on a portion of the fisher's fixed costs; subsequent payments
serve as a return on that portion of the investment undertaken by the fisher. In this way,
the fisher's net eamings are subject to less variability than if the fisher absorbed all of the
investment costs. This consideration would tend to support the possibility that
contractual structure in the intermediate market for raw fish derives from risk-
reallocation incentives if it could be demonstrated that fishers are more risk-averse than
are wholesalers.

There does exist a high degree of uncertainty both with respect to supply of the
intermediate input and, in some cases, the price of the final product. It is also likely that,
in many cases, there is an asymmetry between supplier and buyer with respect to

acceptable degrees of risk. Many buyers of raw fish purchase a variety of species and



many produce a variety of final product-types. These practices tend to insulate them
from fluctuations in the input supply or final price of any one product.

Many fishers rely heavily on the catch of one particular species of fish caught
with a particular gear-type. The earnings of these fishers are highly sensitive to
fluctuations in the supply of that species and in fluctuations of expected wholesale prices.
There also exist fishers who operate in several fisheries and whose earnings are,
therefore, less sensitive to variations in the landed value of one species.

What kind of empirical evidence would support the risk-allocation hypothesis?
We would expect that transactions involving fishers who are heavily dependent on
income from one fishery, and processors that are very well insulated from intermediate
and wholesale price fluctuations, would involve non-monetary compensation
mechanisms. Conversely, the incidence of non-monetary compensation should be lower
for those fishers less dependent on earnings from one species and trading with processors
that are relatively less well insulated from price fluctuations.

The available empirical evidence does not refute the risk-allocation hypothesis.
This thesis, however, offers an alternative rationale for the existence of non-price

compensation mechanisms in long-term contracts between fishers and wholesalers.

The Hold-Up Problem

Klein, Crawford and Alchian (KCA) (1978) illustrate the effect of the potential
for post-contractual opportunism upon the efficacy with which different governance
structures permit the completion of a transaction. They consider a situation in which an
asset 1s owned by an upstream firm that produces an intermediate input for a
downstream firm. KCA maintain that as assets become more specific, the possible gain
from opportunistic behaviour increases. That is, the less valuable are the supplier’s

investments in servicing an alternative customer, the more likely it is that the
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downstream firm will take advantage of the low opportunity costs faced by the supplier.
The downstream firm in the KCA example, having knowledge of the upstream firm's
"next-best" rental opportunity, has an incentive to renege on its contractual obligations
by reducing its rental offer ex post. Although the lower rental rate may have been
unacceptable to the upstream firm prior to making the specific investiment, the ex post
absence of a more profitable alternative renders it in the best interest of the upstream
firm to provide the service at the lower rental rate.

KCA submit that the problem of post-contractual opportunism can be avoided in
one of the following ways:

1. The downstream firm could vertically integrate by itself investing in the

specific asset, thereby removing the opportunity to hold-up the upstream firm.
2. A long-term contract could be formed between the two parties in which:

a) the terms of trade are explicitly stated for all contingencies, and legally
enforceable by a third party; or

b) the terms of trade are implicitly agreed upon and the market mechanism is
relied upon to enforce the contract via the imposition of a capital loss on the
opportunistic party by the withdrawal of future business.

Since it is often very costly to specify in a written contract every contingency to
which an optimal response is required, and because legal redress is expensive, the parties
to the transaction will often prefer a market enforcement mechanism of the type (2b)
over an explicit long-term contract. This contract is equivalent to Telser's (1980) "self-
enforcing agreement” in which "...each party believes himself to be better off by
continuing the agreement than he would be by ending it."!2

The threat of termination alone, however, may not be sufficient to uphold the
contract. Specifically, the one-time gain from contractual deviance may exceed the

expected future net benefits from the trading relationship. Moreover, the threat of

12Telser, 1980:27



termination may not be credible. If it is in the best interest of the wronged party to renew
the contract in the following period, even after accounting for the possibility of future
hnld-up, the termination threat may not be viewed as credible by the potentially

offending party.

Williamson (1983), in developing his "hostage model”, examines self-enforcing
agreements in an intermediate product market that involve "credible commitments". He
considers an intermediate product that can be produced by one of two technologies: a
"general purpose” technology or a "special purpose” technology. The latter involves
investment in "transaction-specific” inputs and is more efficient at serving steady-state
demands. Demand for the final product is assumed to be stochastic. There are two
periods: orders are placed in the first, and production, if any, occurs in the second. If the
special-purpose technology is adopted, the transaction-specific investment costs are
incurred in period 1.

Efficiency considerations dictate that, for a given price of the intermediate input,
the specific technology is employed if the total cost of production is less than that
incurred with the general purpose technology. However, because there is some positive
probability that the buyer will cancel the order after the supplier has incurred the specific
investment cost, the supplier may find that the individually profit-maximizing strategy is
to adopt the (jointly) inefficient general-purpose technology.

One way to avoid this market failure is for the supplier to make the specific asset
investment and for the buyer to post a hostage; that is, the seller receives some form of
advanced payment that is retained if the order is cancelled in the second period. The
buyer's posting of a hostage of appropriate magnitude serves as a credible commitment
to the supplier in that the possibility of ex post hold-up is eliminated. Although the order
may be cancelled in the second period, it is now the buyer that incurs the cost of

cancellation rather than the seller.
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A "pure hostage" is that of general purchasing power. In the absence of
"bounded rationality"!3 joined with "opportunism"!4, a security bond in the amount equal
to the specific investment cost would yield an efficient contract. Williamson (1983) cites
three possible ways in which the posting of a pure hostage may incite supplier
opportunism: contrived cancellation; misrepresentation of specific investment costs; and
expropriation of sellers through haggling at the contract negotiation stage.

In order to protect contracts against expropriation, the contractual relation may
be expanded by devising a mutual reliance relation. That is, instead of posting a pure
hostage, the buyer may reciprocally invest in specific capital that has value only in
servicing the final demands for the product in question. If the non salvageable value of
the advance commitment undertaken by the buyer equals that of the supplier, the
efficient exchange result will emerge.

Williamson maintains that the use of hostages to support exchange is widespread
and economically important. It is not immediately obvious in many contractual
relationships that a hostage is, in fact, an element of the contract. In many instances, the
use of a hostage may be overshadowed by a complex governance structure that has

arisen in response to expropriation hazards.

A number of indusiry studies explore the influence of transaction specific assets
on contractual choice. Monteverde and Teece (1982a), in their study of auto
components, found a positive and significant relationship between vertical integration
and technical know-how. In a later article, Monteverde and Teece (1982b) found a
positive relationship between the value of specialized tooling used in auto component

manufacturing and the probability of quasi-integration. The existence of relationship-

13Bounded rationality refers to individuals' inherent limitations of knowledge, foresight, skill and time
(Simon, 1961). Comparative institutional choice decisions become relevant when the bounded
rationality problem arises in the presence of uncertainty and/or complexity (Williamson, 1975:23).
140pportunism refers to the pursuit of self-interest via strategic misrepresentation (Schelling, 1960);
Goffman, 1969; Williamson, 1975).
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specific human capital underlies the choice betwzen internal and external sales
representatives in Anderson and Schmettleins' study (1984) of the electronic components
industry. In his study of aerospace procurement decision making, Masten (1984) found
that the vast majority of investments in specialized tooling and test equipment were
undertaken by the prime contractor.

The hypothesis that ex ante long-term contingent claims contracts are usec to
guard against ex post performance problems has beer empirically supported by Joskow
(1987). He examines the importance of specific relationship investments in determining
the duration of coal contracts negotiated between coal suppliers and electrical utilities.
The empirical results obtained indicate that, as relationship-specific investments become
more important, the parties rely on longer-term contracts that specify the terms and

conditions of repeated transactions ex ante, rather than relying on repeated bargaining.

This thesis posits that the structure of incomplete long-term contracts in the
intermediate market for raw fish serves to circumvent the hold-vp prcblem. In particvlar,
the non-monetary compensation mechanisms observed to accompany long-term
contracts play the role of Williamsonian hostages. The following chapter presents a
general model of the hold-up problem. An applicaticn of this model to the intermediate

market for raw fish is then presented.



CHAPTER 5: MODELLING THE HOLD-UP PROBLEM

The following simpie illustration depicts the way in which the potentiai for ex
J'ast hold-up may present a contracting problem for the exchange of one unit of an
intermediate produci, X. Consider a potcntial transaction, T, between two parties.
Drnote the upstream supplier of the intermediate product by S and the downstream
buyer of the intermediate product by B. The downstream buyer may be the producer of
another intermediate product, or the producer of a final product. Assume, for illustrative
simplicity, that the buyer transforms product X into a final product Y which is exchanged
on the whoizsale market.

In order to facilitate the transaction, T, both parties must undertake fixed
relation-specific ex ante investments, the costs of which are Igand Iz. That is, in stage
1 supplier S undertakes a discrete investment, Ig, which allows him/her to produce the
int=rmediate product according to the specifications of buyer, B. Similarly, the buyer,
anticipating delivery of this specialized intermediate product, undertakes a discrete
investment, I, which serves to augment the value of the final product for the wholesale
market. These investments are relation-specific in the sense that Ig and I represent
investment costs in excess of those that would be undertaken in an alternative
transaction. For simplicity, assume that variable costs of production are zero for both
parties.

Exchange of the intermediate product takes place in stage 2, at which time the
value of tke final product on the wholesale market is also revealed. Let R denote the
expected wholesale revenue generated by transaction T and R 4 denote the wholesale

revenue that the final product would generate in its next best alternative transaction.!

IThere are really two second-best alternatives here: one between supplier S and an alternative buyer, and
ove between buyer B and an altenative supplier. Let R, = MAX[R® ,R} ], where R}, is the expected

wholesale renvenue to bz generated in supplier S's next best alternative transaclion, and Rﬁ is the
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Assume that both parties hold the same expectations regarding the values of Rt and R,.
Together, therefore, the relation-specific investments are expected to yield a relation-
specific gross wholesale revenue of R = Ry - R,, to be realized at the end of stage 2.
That is, R represents wholesale revenue in excess of that which could be generated from
the most profitable alternative transaction. Thus, the relation-specific wholesale revenue,
R, 1s the impetus for both parties to invest in relation-specific assets.

It is assumed that the objective of each party is to engage in a transaction that is
expected to yield the highest private return. Thus, in stage 1, each party decides whether
or not to undertake the relation-specific investment based on the expected private return
from doing so. Given risk neutrality on the part of both parties, ex ante efficiency
considerations dictate that the investments I and Iy should be undertaken if R> Ig+
I.

In Figure 1, the gross expected relation-specific wholesale revenue, R, from the
transaction is given by the distance 0g0g. Ex ante specific investment costs incurred by
the supplier of the intermediate product are given by the distance Oglg, and those by the
buyer, Oglg. Note again that these are not the total investments undertaken by the two
partics, but only the value of the relationship-specific investments. Note also that the
Ccuas of ti.ese investments are inclusive ¢f opportunity costs (i.e., the foregone benefits
incurred by the next best alternative investment). Thus, the total rent from the
transaction is then given by the distance R - I - Ig. As long as both parties anticipate an
ex posi return in excess of their initial investment costs, the transaction is one that results

in (expected) gains from trade accruing to both the supplier and the wholesaler.

expected wholesale revenue to be generate in buyer B's next best alternative transaction for the
infermediate input.
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Figure 1

[—

The ex post opportunity costs of the relation-specific investments are revealed in
stage 2. The supplier's ex post opportunity cost of investment is equal to the maximum
amount another wholesaler(s) is willing to pay for the intermediate product. The
opportunity cost of the buyer's investment is equal to the net wholesale revenue that
could be generated by purchasing the intermediate product from another supplier.
Denote the ex post opportunity cost of the supplier's investment by L, and that of the
wholesaler's investment by L. In stage 2, each party must decide whether or not to
complete the exchange of the intermediate product under transacticn T, or to engage in
the next best aiternative exchange. It is assumed that there is a cost to engaging in an
alternative ex post exchange. Specifically, if a party reneges on an ex ante agreement, the
possibility of future transactions between the original parties is eliminated. Thus, in
deciding on whether or not to complete the transaction ex post, each party will weigh the
current benefit from an alternative exchange (Lg or Lg) against the expected discounted
value of future earnings that would be lost in the absence of future transactions between
parties S and B.

Ex post efficiency (i.e., maximization of quasirent?) dictates that this transaction,

T, between supplier, S, and buyer, B, be undertaken, rather than the next best alternative

2"The quasi-rent value of the asset is the excess of its value over its . . . value in its next best use 10
another (user)." (Klein, Crawford and Alchian). In this application, the value of quasi-rent is given by:
QR = R he Ls - LB.
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transaction, as long as R > Lg + Lg. That is, an ex post exchange between the parties

should occur if that exchange generates a larger quasirent than any alternative exchange.

The following discussion considers four possible ex post oucomes:

1. Each party's ex post opportunity cost exceeds their respective initial
investment costs.

2. The supplier’s ex post opportunity cost is less than his/her initial
investment cost, while the buyer's ex post opportunity cost exceeds

his/her initial investment cost.

3. The buyer's ex post opportunity cost is less than his/her initial
investment cost, while the supplier's ex post opportunity cost exceeds
his/her initial investment cost.

4. Both the buyer and the supplier incur initial specific investment costs
that exceed their respective ex post opportunity costs.

1. Ex Post Exchange in the Absence of Hold-Up

Figure 2 illustrates a situation in which each party faces ex post opportunity costs
that exceed their initial investment costs. That is, Oglg < OgLg and Oglg < OgLg. Both the
supplier and the buyer, in alternative transactions, are able to recover their initial specific
investment costs.3 Note that, in the transaction illustrated in Figure 2, the supplier is
unwilling to accept ex post compensation for the intermediate product less than Oglg
while the buyer is unwilling, ex post, to pay compensation that would leave him/her with
less than OgLg. Since ex post gains from trade exist (i.e., R - Lg - Lg >0), exchange

between parties S and B will occur, as efficiency dictates.

3Note that although investments I and 1; are relation-specific, they are not necessarily worthless in an
alternative ex post exchange (i.e..Lg, Ly 20 ). The specificity of investments derives from the ex ante
expectation that, R > 0 oaly if investments I and I; are employed in transaction T. Moreover,
investments I and I are relation-specific in an ex posr sense as long asR> Lo+ Ly .
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Figure 2

R-Ig - I

R-Lg- Ly

The quasi-rent from the transaction is identified as R - Lg - Lp, or as the distance
LsLy in Figure 2. Each party would like to extract for him/herself as much of the quasi-
rent as possible. The actual division of the surplus depends upon the relative ex post
bargaining strengths of the two parties. In any case, compensation to the supplier of the
intermediate product will be somewhere between OsLg and OgLg; the buyer will be left
with the remainder, if any. Under these ex post circumstances, neither party has cause to
regret having incurred the initial relation-specific investment costs. Thes if ex ante
expectations are such that Oglg < OsLg and Oglg < OgLg, both the buyer and supplier will

have an incentive to undertake their respective ex ante invesments.

2. Downstr Hold-

Figure 3 illustrates the circumstances under which the supplier is subject to
potential hold-up by the buyer. The supplier's ex post opportunity cost of investment, L,
is less than the ex ante relation-specific investment costs, Is. That is, the supplier's next

best alternative to selling to buyer B, is to sell to another wholesaler that would offer a
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maximum of Lg for the intermediate product. The alternative ex post exchange would
result in a net loss for the supplier. The wholesaler, B, on the other hand, is able to
receive net revenue in the amount OgLy if the initial investment is used to purchase and
process the intermediate product produced by an alternative supplier. Thus, the buyer
profits from undertaking the relation-specific ex ante investment, even in an alternative
ex post exchange.

Since the ex post quasi-rent to this transaction is positive (i.e., R- Lg - Lg > 0),
ex post exchange will take place, given initial investments. It is possible, however, that
the transaction could result ir: a net loss to the supplier. Given that the wholesaler has
knowledge of the supplier's "next-best" alternative, and that the wholesaler wishes to
capture as much of the quasi-rent as possible, he/she may offer a price for the
intermediate product that would not allow the supplier to recover the initial investment,
0Ogls. Although expected compensation in any amount less than Oglg would have been
unacceptable to the supplier prior to him/her undertaking the initial investment, the ex
post absence of a more profitable alternative renders it in the best interest of the supplier
to accept any compensation in excess of Lg. If the supplier holds the ex ante expectation
that OglLg < Oglg, he/she will recognize the potential for ex post hold-up and will be

unwilling to incur the ex ante investment costs.

3. Upstream Hold-Up

Circumstances may also permit the supplier to hold-up the wholesaler. Suppose,
for example, circumstances result in ex post opportunity costs that are relatively high for
the supplier and low for the wholesaler, as depicted in Figure 4. If OgLg > Oglg and
OglLg < Oglp, the upstream firm has the opportunity to hold-up the wholesaler by
demanding compensation greater than (R - Ig). Given that ex ante investments have

already been undertaken, and given the absence of a more profitable ex post alternative,
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the wholesaler, albeit reluctant, will accept the terms of the transaction as long as he/she

receives net revenues in excess of OgLg. Of course if the wholesaler expects to be held-

up in the ex post exchange, he/she will be unwilling to incur the ex ante investment costs

in stage 1.
Figure 3
R-I5-1Ig
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0 Lg Ig Ly I Og
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Figure 4
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4. Both Parties Face Low Ex Post Opportunity Costs

Figure 5 illustrates circumstances under which the ex post alternatives facing both
parties are such that ex ante specific investments cannot be recovered by either party in
an alternative ex post exchange. Given that each party expects the absence of profitable
ex post alternatives, will the initial relation-specific investments be undertaken? This
depends upon whether one of the parties expects to be held-up by the other party. The
ability to behave opporiunistically in an ex post exchange arises from the existence of ex
post bargaining strength. Given symmetry of information, both ex post and ex ante, each
party is aware that the other party has no profitable ex pes? alternatives and, therefore,
no ex post bargaining strength. Thus, the potential for opportunistic behaviour does not
exist. Since there are positive gains from trade, both ex post and ex ante, this transaction
will occur as efficiency dictates.

Given the potential for either upstream or downstream hold-up, market failure
occurs because potential gains from trade arising from ex ante relation-specific
investments are unexploited. The potential victim refuses to undertake ex ante relation-
specific investments because he/she expects that, given the opportunity, the other party

will engage in ex post hold-up.

Figure 5
R-Ig- Iy
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Figure 6 replicates the situation presented in Figure 3, where the supplier is the
potential victim of ex post hold-up. Under these circumstances, it is in the wholesaler's
best interest to exchange with this supplier rather than another since the net wholesale
revenue obtainable from this transaction exceeds that of the next best alternative, OgLg.
If, for example, the division of rent was such that the wholesaler received the portion
0pS;, and the supplier received the portion 0gS;, both parties would do better than they
could in an alternative transaction. The wholesaler's problem is to convince the supplier
in period 1 that the iniermediate price paid in period 2 will result in 0gS; 2 Ogls.
Alternatively, if the wholesaler was the potential victim of hold-up, as illustrated in

Figure 4, the supplier would find it desirable to convince the wholesaler that 0gS; 2 Ig.

Figure 6

Williamsen (1987) has observed that transactions that are potentially subject to
hold-up are often supported by the potentially opportunistic party making an ex ante
credible commitment to the exchange. The following simple model illustrates how an ex
ante contractual agreement, accompanied by credible investments, serves to promote the

efiicient cxchange of an intermediate product.
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The Model

There are two risk-neutral economic agents: a buyer or wholesaler, B, and a
supplier, S. At the beginning of the period, the wholesaler and supplier consider making
relationship-specific investments in order to complete a transaction, T, of an intermediate
product, X, at the end of the period. Denote these initial specific investments by Ig and
Ig. Recall that these are not the total investments undertaken by the two parties, but only
the value of the relationship-specific investments. Both economic agents wish to
maximize the individual return to their respective ex ante specific investment.

Let R; be the state-contingent ex post return to the transaction; that is, R; is the
market value of the output when the two specific investments, Ig and I, are combined,
where state i occurs with probability p;. Further, define ex post opportunity costs as
follows: Lg; is the supplier's ex post opportunity cost of the initial specific investment, Ig,
in state i; Lg; is the buyer's ex post opportunity cost of the initial specific investment, Ig,
in state i. The initial investments, I and I, are specific to the transaction if : E(Rj) >
E(Lg;) + E(Lgy); that is, the ex post quasi-rent is strictly positive. It is assumed that this
specificity conditicn is satisfied throughout the analysis.

Recall that market failure resulting from the hold-up problem occurs if one of the
parties fails to undertake an ex ante efficient relation-specific investment because he/she
anticipates a net loss with the completion of the ex post exchange. That is, both parties
want to avoid a situation in which ex post efficiency dictates that an exchange takes
place. but in which the initial investment is regretted. The model proczeds as follows: 1.
the conditions for ex ante efficiency are established; 2.the conditions for ex post
contractual performance are established; 3. the conditions which lead to market failure

are established; 4. an efficient contract which combats market failure is presented.
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Ex Ante Efficiency

There are three conditions necessary in order for the initiial specific investments,
Ig and I, to be undertaken: (1)the parties must hold the expectation that the gross
collective return from the specific investments at least covers the sum invested; (2) the
supplier expects to at ieast recover the costs of the intitial investment, Ig; (3) the buyer
expects to at least recover the costs of the initial investment, Ig. These three conditions
are represented by the following set of equations, where Nt denotes the net expected
return from the transaction, Ng denotes the net expected return accruing to the suppliet;

and N denotes the net expected return accruing to the buyer.

NT = E(Rl)-IS - IB > 0 (1)

A"
o

Ns = E(K)) - I > )

Ng = E(W) -1z 20 3)

where K; is defined as the state-specific retirn to the supplier's initial specific
investment,* and E(W;) = E(R;) - E(Kj). Equation (1) simply states that, of all possible
transactions, transaction T is expected to generate the greatest total surplus. Equation
(2) states that, in order to agree to the transaction, the supplier must expect to earn a
return, E(K}), sufficient to recover the intial specific investment co<:. ig. Similarly,
equation (3) states that the buyer will agree to the transaction if he/she € «;<Cts to earn a

return, E(W,), sufficient to recover the :nitial specific investment cost, Ig.

“Note that K; is not the total return to the supplier’s investment costs, but just the retumn arising from the
existence of the specific intitial invesment costs, lg.
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Each party's expectation of net returns depends upon the possibility and direction
of ex post hold-up. The potential for hold-up is, in turn, dependent upon the ex post

contractual performance constraints faced by each party.

Ex Post Contractual Performance

We begin by establishing the conditions under which it is in both parties best
interests to complete an ex post exchange, given that ex ante investments have been
made. In deciding whether or not to complete the ex post exchange, each party must
take into account the cost of violating the agreement rcacﬁcd in stage 1. Suppose that
two parties establish an (implicit or explicit) contractual understanding and proceed to
undertake relation-specific investments. In many trading relationships, failure to
complete the transaction in stage 2 negates the possibility of future trade between these
two parties. Thus, a party will renege on the ex ante agreement if the gain from doing so
(i.e., the ex post opportunity cost) exceeds the cost of doing so (i.e., the loss of future
net benefits from this trading relationship). It is assumed, for simplicity, that expected net
benefits from future transactions between these two parties is equal to zero.

Given that state i obtains, the following conditions must be satisfied if an ex post

exchange between these two parties is to be realized:

v

Lg; 4

Lg; 5)

Ki
W.

1

v

Equation (4) is the seller's ex post performance constraint in state i: The return to the
specific investment, K; , must exceed the payoff possible in an alternative transaction,

Lg;. Equation (5) is the wholesaler's performance constraint in state i: the net payoff from
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the exchange this period, W, must exceed the ex post opy ortunity cost of the

returns:

In addition, each party expects to receive some portion of the quasi-rent, R; - Lg; - Lg;.
Symmetry of information implies that both parties are aware of their own and each
other's ex post opportunity costs. If both parties are opportunistic, each will attempt to
maximize their individual shares cf ihe ex post quasi-rent. Given that the distribution of
bargaining power is solely determined by relative ex post opportunity costs, then, ex
ante, each party would expect to receive one-half of the ex post surplus in each state. We

are now in a position to identify each party's ex ante expectation of ex post returns:

E(K; = 2pilK; + R;- Lg; - Lg;)/ 2]

= ZPX[LSI + (Rl - LSi - LBI)/Z]
= Zp;[R; +Lg; - Lg;)/ 2] (6)

E(W) = IplW; + R;-Lg; -Lp)/2]
= Zp;[Lp;+ (R;-Lg; - Lg;)/2]
= Zp;[(R; + Lg; - Lg;)/ 2] (7)

Equation (6) d=fine: the supplier's expected ex post returii from the transaction: the
supplier must rec..ive at least K; = Lg; ir order ic complete the ex post exchange; in

addition, the supplier expects to extract one-half of the ex post quasi-rent. Similarly, the
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buyer expects to receive his/her option value, Lg;, plus one-half of the ex post quasi-rent,

as indicated in equation (7).

Market Failure Conditi
Efficiency considerations dictate that the transaction between these two parties
take place if ex ante expected net rents from this transaction and future transactions are
non-negative. Market failure obtains if, given (1) (i.e., Ny 2 0), either the supplier or the
buyer does not expect to recover his/her initial investment costs from this transaction and

future transactions. Formally, market failure results if:

Case (i): Nr2 0 and Ng <0, or
Nt2 0 and E(K;)-Ig <0, or

Nr2 0 and Zp[R;+Lg; -Lp;)/2] < Ig (8)
Case (ii): Nr20and Ng <0, or

Nr2 0 and E(W)-Iz <0, or

NTZ 0 and Zpl[(R] +LBi - le)/2] < IB (9)

Does there ¢xist a contract which promotes effic:ent exchange when one of the above
situations presents itself? In Case (i), the potentially opportunistic party is the buyer.
Since the transaction, T, generates at ieast as much rent as any alternative transaction
(i.e., Ny =0), it is ir the supplier's best interest to convirce the buyer that the latter will
not be the victim of ex post hold-up. The converse is true if Case (ii) presents itself; the

buyer has an inceative to convince the supplier that hold-up will not occur. The
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following section nresents a contract in which the potentially opportunistic party makes

an ex ante credible committment to a non-opportnistic ex post exchange.

An Efficient Contract

Consider the following ex ante contract between the two parties: The buyer B
agrecs to pay the supplier S a state specific sum K| = K, for delivery of the intermediate
product, and, in addition, takes ¢ 5G of the sapplier's specific investment, Ig. The
contract is efficient if the values of K;and G are such that the ex post contractual
performance is guaranteed and the incentive exists for both parties to make the ex ante

investments. Formally, we need to find G such that:

EK)+G-Ig 2 0
IpilRj+Lg -Lg;)/2]1+G-1g 2 0

and:

EW)-G-Ig 2 0

Zpil(R;+Lg; -Lg)/2]-G-152 0
Thu:,

Ig-E(K;)) € G £ EW) -1
or:

Ig-Zpi(R;+Lg; -Lp;)/2) € G < Zp[(R;+Lg; -Lg;)/2] -1

The viability assumption (i.e., E(R;) - Ig - Iz > 0) ensures that such a G always exists.

Case (1)

If G > 0, then the buyer is paying part of the supplier’s investment. That is, when

the supplier is the potential victim of ex post hold-up, it is the supplier that requires an



inducement to undertake the initial specific investment. In order to induce the supplier to
partake in the transaction, the buyer must incur a minimum credible committment cost of
Ig - E(K}); the maximum committment cost the buyer is willing to incur is given by
EW) -Ig.

Figure 7a illustrates such a contract when the supplier is the potentiai victim of ex
post hold-up.. The distances OgE(R;) and OgE(R;) are identical in Figure 7a, as both
parties hold the same expectation regarding the wholesale revenue from the sale of the
final product. In the absence of an ex ante credible committment, the supplier's expected
return is given by E(K;), a return that is insufficient to entice the supplier to undertake
the initial investment cost, Ig. If the ex ante contract is accompanied by a payment, G:;]i",
from the buyer to the supplier, the expected return is just sufficient to induce the supplier
to undertake the investment, I.

The contract itlustrated in Figure 7a defines the lower boundary ci a range of
contracts that promote efficient transactions when the supplier is the potential victim of
ex post hold-up. It is a contract in which the supplier receives the lowest possible ex post
compensation consistent with contractual performance in conjunction with the lowest
possible ex ante credible commitment consistent with ex ante efficiency (i.é., E(K) +
G;lin - I¢ = 0). The wholesaler extracts the entire expected rent from the transaction (i.e.,
ER) - EX) - G;in -Ig =E(R) -»IS - Ig. Thus, this contract can be thought of that which
would obtain if the buyer had all of tke ex ante bargaining power.

If the supplier had some ex ante bargaining power, he/she could negotiate a
contract which zllowed for a positive expected return to the specific investment, Ig.
Note, however, that a higher state-specific compensation package is not credible. That
is, although the buyer ccuid promise 1w pay K; > K;, it is not in his/her best interest to
abide by this promise ex post, nor is it necessary to induce the supplier's ex post

contractual performance. Thus, a positive expected return to the supplier can only be in

the form of higher values of G*.
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Figure 7a

Gmip
[ I
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: | l l !
0s E(Lg) E(K;) E(K;) + Goin ER)
E(W)) - G, E(W;)
* | } | l |
0p Iy ELg) | | ER)
Grmin

What is the maximumn credible commitment the buyer is willing to undertake in
order to induce the supplier to undertake the initial investment Iz? The maximum value
of G, G;m , is that for which the buyer's ex ante expected return is zero:

G = E(W)- Iy

max

This contract in which the minimum state-specific compensation but maximum

credible commitment to the supplier obtains is illustrated in Figure 7b.

»

The above analysis indicates that when the supplier is the potential victim of
“ - - . . - *
hold-up, a contract in which the buyer makes an ex ante credibie commitment, G, ;, <

* - . .
G* < G,,.x» serves to promote efficient transactions.
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Case (ii)

It is also possible that it is the buyer/wholesaler that is the potential victim of
hold-up. Under these circumstances, equilibrium values of G will be negative; that is, the
supplier will partially assume the buyer's initial investment costs. The following contract

ensures efficient exchange when equation (9) is not satisfied:

A

K; = Lg

A

G in = Ig - E(W)

Again, this is a contract which offers the supplier the minimum state-specific

compensation package, K; = K; = Lg;. Ex ante however, the supplier must incur a

minimum credible committment cost of G ;, in order to induce the buyer to partake in
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the transaction. This contract can be thought of as that which would obtain if the
supplier had all of the ex anre bargaining power. If the buyer had <ome ex ante
bargaining power, he/she could negotiate a contract which allowed for a positive return
to the specific investment, Ig. The above contract is illustrated in Figure 8a. Note that
the supplier earns a positive expected rent (i.e., E(Kj) - I - (A}mm > () while a zero .
expected rent accrues ¢o the buyer (i.e., E(W;) - Iz + émin = 0).

What is the maximum credible commitment the supplier is willing to undertake in

order to induce the buyer to undertake the initial investment Iz? The maximum value of

-~
G. G . 1s that for which the supplier's ex ante expected return is zerc:

E(K)-Grux-Is =0

Such a contract is illustrated in Figure 8b.

Figure 8a
) E(K}) - G min E(K;) |
! | | i | A. !
0 I E(Lg) i | ER)
&min
G min
f |
Is
! l | | ‘ !
05 E(Lg;) EW,) E(W) + G oy E(R)
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F%ggre 8b

£
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G max
G max
! ]

I
f |- | i i 1
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Thus, when the buyer is the potential victim of hold-up, a contract in which ti¢ supplier

makes an X @ite credibie commitment, G ;, < G < G .4 .- S€Tves to promote efficient

transactions.

B. Applying the Hold-Up Model to the B.C. Intermediate Market for Raw Fish

How does the above model explain contractual structure and contractual choice
in the B.C. interinediate market for raw fish? Consider a potentiai transaction, T,
between :;ﬁshei (%) and a wholesaler (B) that generatcs a total return in excess oI either
party’s next best alternative. Suppose the fishe-'s initial seasonal investmens, Ig, is
specific to this particular transaction; thew the ex post opportunity cost of that

investment, Lg, will be less than the size of the initial investment itself. For exampie,
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suppose a salmon seiner undertakes a large initial investment prior to exchange; part of
ific to a small group of processors. In particular, the
attributes of the target species and the nature of the gear results in a catch configuration
that is valuable to canners, but not as valuable to the fresh/frozen processors.

Ex ante, the fisher will not expect ex post compensation in excess of onc-half of

the quasi-rent. If the fisher's expected ex post coripensation, E(K) is less than his/her

initial investment costs, the fisher will not be willing to undertake this highly specific

investment, I, unless the canner, B, credibly commits to the transaction. The credible
committinent, G*, takes the form of ex ante non-monetary compensation. As noted
previously, such compensation includes a variety of non-price services (egs., vessel
maiatenance and repair, moorage, nets and lofts, packing and collection, etc.) as well as
the prov:';ion of vessel financing, and/or even the provision of the vessel itself.

The season-end bonuses that are observed to accompany long-term contracts are
captured by the variable K in the above model. Recall that K| is defined as the state-
contingent return to the supplier's specific investment in ‘he transaction. There is a
temporal aspect to the bonus system that the model presented in this thesis does not
capture. For the purpose of simplification, a transaction between a supplier and a buyer
has been modelled as a one-shot exchange or delivery of fish. In fact, riany transactions
between two parties involve a succession of deliveries. The bonus is paid at the end of
the season subsequent to the completion of all deliveries.

The hold-up model presented in this cbapter allows for both upstream and

downstream hold-up. In the case of potential upstream hold-up, the processor, B,

et

credibly commits to the exchange by undertaking $G* of the fisher's initial specific
investment, I. In the case of potential downstream hold-up, however, it s the supplier
that would be required to credibly commit to the transaCtion by urdertaking $& of the
buyer's initial specific investment Iz. We do not observe such behaviour in the B.L.

intermediate market for raw fish. That is, fishers do nnt undertake investments for the



purpose of credibly committing to exchange with a processor. The mode] indicates that
such investments would be necessary in order to avoid the market failufe that would
result if the processor’s initial investment had a very low value in an alternative ex post
exchange. Thus, it must be the case that, relative to fishers' ex ante invesmén ts,
processors’ investmenis involve a lower degree of specificity to a particular transaction.
This is indeed the case. Although canners do undertake an investment in a processihg
techrology that is quite specific to the intermediate product produced by salmon seiners,
there were, in 1988, 549 vessels supplying this product. Conversely, only 13
establishments were licensed to operate a commercial salmon cannery in 1988. Thus, the
salmion seiner's initial investment is specific to a very small number of processors; thus, it
is alzc much more specific to a particular transaction.

_The potential for hold-up exists only in the presence of transaction-specific
assets. Both harvesting and processing technologies in the intermediate market for raw
fish exhibit varying degrees of specificity. A salmon-seine harvesting technology, for
example, is specific to schooling species and results in a catch-configuration such that the
majority of the harvest is suitable only for the canned market. Similarly, the canning
technology requires inputs that cannot be redeployed to process species other than
salmon. On the other hand, the salmon trolling harvesting technique may be employed in
the capture of both schooling and non-schooling species, and produces a catch-
conﬁguratipn that is suitable to a nurnber of final product forms. Similarly, the
zmployment of a freezing technology ir: the harvesting sector allows the wholesaler
flexibility é.cross other fish species. Thus, salmon trolling involves a lower degree of asset
specificity than does salmon seining, as does the production of a frozen final product
relative to a canned final product. Therefore, salmon trollers ahd wholesalers operating
in the freésh/frozen market should be more likely to operate on the spot market than to |

engage in transactions governed by incomplete, long-term contracts.
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‘This application of tﬁc hold-up problem differs somewhat from the way hold-up
has been previously illustrated in the literature. The potential for hold-up has been
perceived to exist in circumstances where one agent's investment is specific to a single
buyer or seller; that is, when there exists no alternative exchange. Although there are 13
canners operating in the B.C. intermediate market for fish, it is not the case that a vessel
has 13 equally accessible alternative ex post exchanges. Some harvesting activity takes
place in remote areas served only by one processor. Given positive transportation costs
and the high perishability of the intermédiatc product, such a processor effectively has
MONOpsGNy POwer. |

This study, however, introduces the notion that the potential for hold-up may
also exist in markets where investmehts are specific to multiple buyers and/or sellers.
Even where two or more canners operate within close proximity of each other, the
seller's alternatives are limited by the fact that these canners face capacity constraints. In
years where harvests are low, processors wil! operate at below capacity and fishers may
then face several alternative exchanges; i.e., there would be no hold-up problem.
However, in seasons where the total harvest of fish is large, the capacity constraint on
each processor may be binding. If a fisher has incurred investment costs that are specific

to a small number of processors, he/she potentially faces ex post hold-up.

Are the empirical regularities in this industry consistent with the above theory?
The following empirical analysis indicates a strong correlation between the incidence of
non-price compensation and the degree of asset specificity in transactions. This
correlation supports the hypothesis that contractual arrangements in the intermediate
| market for raw fish are chosen so as to minimize the transactions costs arising from the

possilility of post-contractual opportunistic hold-up.
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CHAPTER 6: EMPIRICAL METHODOLOGY

The purpose of the empirical analysis is to examine the way in which the nature
of the contract varies across product and technological charaéteristics in both the
harvesting and processing sectors. This is accomplished by analyzing individual
transactions between fishers and processors. The hypothesis of the thesis is supported if

‘there exists a (significantly) positive relationship between the degree of asset-specificity
in transactions and the incidence of vertical ties (i.e., incomplete long-term contfacting)
between processors and fishers.

A transaction is defined as the delivery of a load of a particular species and
product-form from one vessel to one proceséor, as recoxded on a sales slip. A particulz;f \
transaction is characterized as taking place under a long-term, incomplete contract if at

least one of the foliowing criteria are met:

1. the vessel owner/operator received a season-end bonus from the
buyer/processor;

2. the vessel is fully or partially owned by the proces.éor;

3. the vessel is fully or partially financed by the processor, but not owned
by the processor.

It is important to note that other non-price compensation mechanisms (e.g., processor-
provision of moorage, storage space, vessel maintenance) are also indicative of a long-
term contractual relationship. Unfortunately, information on these variables is

unavaﬂable.
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In order to determine the way in which the observed non-price compensation
mechanisms vary across other attributes of the transaction, a stratified random sample! of
transactions has been generated from the 1988 fishing season. The sample consists of
15,753 transactions between 726 vessels and 75 buyers. For each of the vessels, fhe
identity of the ownér(s) and creditor(s) (if any) are known; it is also known whether or
not the vessel received a season~énd bonus. The distribution of ownership shares across
owners is also known; thus, each transaction can be characterized as belonging to oneyof
the following categories: the processor had majority ownership in the vessel; the -
processor had mir.ority ownership in the vessel; the processor financed the vessel; the
vessel received a season-end bonus?; or thére were no observable vertical ties tﬁét
characterized the transaction.

The sample represents arcross-section of vessels and processors operating in at
leaét one of the following fisheries: salmor. (which includes 5 different species), herring,
halibut, and sablefish (black ced). The attributes of the intermediate product vary both

across and within these fisheries, as do the harvesting and processing technologies.

A. Measuring Asset Specificity

As noted previously, asset-specificity in the harvesting sector derives from the

following sources: high perishability of the intermediate product and the inflexibility of

Observations have nc: been drawn at random: from the population, but are randomly drawn within
particular trata. That is, the data are deliberately sampled so that both spot-market and each type of
Iong-term conaract transzction is adequately represented in the sample. Since, for example, processor-
owned vessels constitute only 12% of all vessels in the popuiation, a random sampling technique would
resuit ind viry few number of obervations exhibiting this characteristic. Thus, of the 726 vessels in the

~ sample. 0% meet one of the above criteria for a long-term contract, while the other 50% do not. Within
cach sirata, however, the vessels used in the sample were selected randomly.

2The 1988 Cost and Eamings Survey was boycotted by vessel owner/operators with strong processor
affiliations: thus, all vessels receiving bonuses in the sample are neither owned nor financed by

processors. This renders the above categories of long-term contracts mutually exclusive.
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the harvesting technology employed in the transaction. Asset-specificity in the processing

sector derives from the inflexibility of the processing technology.

Perishability

The effects of perishability are partially captured by both the identification of the
species delivered in each transaction, as well as the forn: in which it is delivered. On
average, herring can be held for a maximum of 1 to 2 days after capture and prior to
delivery, salmon for 3 to 4 days, sablefish for 5 to 7 days, ard halibut 1-2 weeks. Note
that the perishability fankings given above hold for a given delivered product-form,
specifically, fish delivered "in the round"2. The effects of perishability can be attenuated

by on-board dressing (gutting and heading) and freezing.

Flexibility of the Harvesting Technology
There are three ways in which flexibility of the harvesting technology is
important: flexibility across fisheries/species, flexibility across intermediate product-form,

and flexibility across final product form.

A. Flexibility Across Fisheries/Species

The flexibility of the harvesting technology across fisheries is partially captured
by the number of fishery-specific gommercial harvesting licences attgchcd to the vessel.
That is, a vessel licensed to operate in oni_;,l one fishery is considered a more specific
invesnnent than one Iicensed to fisk in svﬁeral fisheries. 2
Identification of the gear-type erhploycd in the tmnsagﬁon also captures flexibility
across fisheries éxldior species. Five main gear-types are employed in the four fl"‘xvsheries

under consideraticn: purse-seine, gillnet and tro!l gear are employed in the salmon

3Fish delivered in the round are not gutted or headed, nor are they frozen on board.
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fishery; purse-seine and gillnst gear are employed in the herring fishery; longline gear is
employed in the halibut fishery; and longline and trap gear are employed in the sablefish
fishery. In general, net gear is the least tlexible across fisheries and species because it is
designed to target schooling species of fish (pink; chum, sockeye and herring). Note also
that the salmon pursé-sciners and gillnetters are specific to the salmon fishery and the
herring purse-seiners and gillnetters are specific to the herring fishery. That is, the nets
are not used interchangeably across these fisheries. Longline gear is more flexible than
trap gear as the former is employed in both the halibut and sablefish fisheries, while trap
gear is specific to sablefish. Troll gear is employed in the salmon fishery and tends to
target chinook and coho, although it is at lcast»as efficient (in terms of catch per unit of

effort) at harvesting the schooling species of salmon.

B. Flexibility Across Delivered Product-Form

Flexibility across delivered product-form is captured by specifying the volume of
catch delivered per transaction. Gear-types that generate iarge volumes of catch per
delivery are relatively inflexible across delivered product-form. Purse-seire gear, for
example, results in such large volumes of salmon or herring that any type of on-board
processing is exnﬁmcly difficult; consequently most transactions for which seine gear
was employed consist of fish delivered in the round. Fishers using salmon troll gear,

however, are able to accomplish some on-board processing.

C. Flexibility Across Final Product-Form
Recall that raw salmon is directed primarily toward either the canned or

fresh/frozen markets; halibut and sablefish to the fresh/frozen markets; and herring

primarily to the herring roe market. Salmon caught with purse-seine gear is gencrally
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most appropriate for the canned market. This is partly due o the nature of the species
themselves, and also because the fish is frequently mar,;éd and bruised by the net.
~Gillnetters are able to exert more control over the quality-67 the intermediate product
than are purse-seiners, and serve both the canned and fresh/frozen markets. Troll-caught
salmor could be directed toward either the canned or fresh/frozen market, although it
receives a higher price on the fresh/frozen markst. The importance of suitability of the
intermediate product ta final product-form derives from the number of potential buyers
available to a particular fisher. In 1988, thirtcen establishments were licensed to operate -

a commercial salmon cannery, while 126 cold storage facilities were issued processing

licences. There were 35 firms licensed to process roe hérring.

It is difficult to arrive at a general specificity ranking that embodies all the gear-
types under consideration. Among the salmon gear-types, purse-seine gear is the most
specific, and troll gear the least. Similarly, trap gear can be ranked as more specific than

fongline gear.

Flexbility of the Processing Tec(malogy

As discussed previously, the canning technology involves investments v/hich are
highly specific to producing canned salrmi. The same is true for investment in the
‘brining inputs required to produce roe herring, although the size ¢f the investment is
muchi lower than that for canning equiprnent/facilities. On the other hand, investments
undertaken to process fresh/frozen fish are not“Speciﬁc to a particular species, or even (o
fish itself (eg., freezer space could be allocated o the production of fruit and/or
vegetables). In order to account for asset specificity in processing, the buyer involved in
~ each salmon transaction is identified as either a processor with canning facilities, or one

without canning facilities.
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B. Empirical Testing

Both parametric and non-parametric tests have been conducted ir order to
explore the validity of the thesis' hypothesis. Non-parametric tests are distribution-free
and require no assumptions regarding the precise form of the sampled population.
However, parametric statistical tests are more powerful than nonparametric tests, in the
sense that the probability of making a Type Il error* is lower (Downie and Heath, 1974:
260). The nonparametric test used in this analysis is the chi-square test; the parametric

test involves deriving the maximume-likelihood estimates of a probit model.

gw! --S a ! ',

The chi-square test of independence is the non-parametric test used to explore
the significance of the explanatory variables (Downie and Heath, 1974), Let us first
determine whether or not there is significant variation of contractual choice across

fisheries. Define the null hypothesis as:

H, : Contractual choice is independent of the fishery, or

L L {L
I
N N

where p is the probability of observing a long-term contract in fishery i, p; is the

probability of observing a long-term contract in fishery j, and »# is the probability,of
observing a long-term contract, irrespéczive of the fishery. Similarly, f," is the number of

i

ransactions governed by long-term contracts in fishery i, f jL is the number of

*A Type Il error occurs With the failure to reject tire null hypoyhesis wher it should be rejected.
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transactions governed by long-term contracts in fishery /, and f* is the total number of

transactions governed by long-term contracts. It is useful to summarize observed

frequencies of transactions across fisheries in a coniingency table,

CONTINGENCY TABLE #1

OBSERVED FREQUENQIES -

Sdmon Herring Hdibut  Scbidish  Totd
LongTerm Contract 8242 - 174 55 7 177 8648
S pot-Market Contract 6621 110 211 163~ 7105
Totd 14863 284 266 340 15753

EXPECTED FREQUENCIES

Samon Herring Hadlibui Sablefish
Long-T erm Contract 8159.41 155.91 146.03 186.65

S not-Mar ket Contract 6703.59 128.09 1190.97 153.35

The sample consists qf 15,753 transactions.\Theﬁtransactions governed by a long-
term contract number §,648. That, 18, these are transactions in whiéh the proceséof had
full or partial ownership in the ves-el, financed the véssel, or compcnéatsd the fisher with
a season-end bonus. A épot-market arrangement goveraéd 7,105 transactions. Of the

14,863 saimon deliveries, 8,242 were conducted under an incomplete, long-term
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contract, and 6,621 were exchanged on the spot-market. Similarly, of the 266 halibut

deliveries, 211 “:/ere conducted on the spot market, and 55 via a long-term contract.
Given the null hypothesis, expected frequencies for each cell of the contingency

table can be generated. The expected frequency for cell 1,1 (i.e., the cell in row 3 and

column 1) is computed as foliows:

2. f ”Zuf/
fi= s

where r denotes the row. ¢ denotes the column, z f° is the total number of transactions
il - "

observed in the salmon fishery, z f? is the total number of transactions observed to be

le

governed by a long-term contract, and Zf ? is the total number of transactions.
e ;

Expected frequencies for the other cells are similarly computed. Thus, expected
frequencies are simply the number of obscivations we would expect in each category,
given that contractual choice is independent of the fishery in which the transaction takes

place.

The chi-square statistic of independence is used to determine whether expected
frequencies deviate significantly from observed frequencies. The computed chi-square
statistic is given by:

x2 = 2(}“0 _ er)z /er
The cmﬁpuied chi-square for the above contingency table is x° = 133.42.
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‘The critical chi-square value for (r - I)(c - 1)5=3 degnees of freedom, and for a
level of significance, a0 =.01, is %* =11.3449. That is, the probability that the computed
chi-square statistic exceeds the critical value of 11.5449 is equa! to .01. Thus, the null
hypothesis that contractual choice is independent of the fishery is easily rc‘jg;ctc(i.

In order to observe the way in which observed frequencies deviate from expected

i~

t} _ Le .
frequencies, the value ¥ = (f - % . has been plotted in a bar-graph in Figure 6-

1. Of particular interest here is the direction of this deviation. A posﬁivc value 6"\ b
implies that, for a given ciassiﬁcgtion of contractual arrangement and species, tl}erc are a
greater number of transactions thar expected under the null hypothesis. The data below*
indicates that \Pr‘c > 0 for transactions gcverncd by longi—term contracts ix;,thc salmon
and heriing fisheries. Conversely, in the sablefish and halibut ﬁshericé, there is a greater

¥

occurrence of spot-market contracts chan expected under the null hypothesis. |

In order for the thesis' hypothesis to be consistent with thiésc values for ‘¥ (, tl;c
degree of a:set specificity shouid be highest in the hcﬁné fishery followed by the salmon
fishery, then the saklefish fishery, and lowest in the hélibut fishery. Recall those
characteristics that contribute to asset-specifity i'ﬂ» the transsction: perishability of the
intcimediate product; ﬂexibility of the harvesting technology across species, intermediate
product-form and fip:{ product-form; and flexibility of the processing techno]ogy across

intermediate and final pro~dct-form.

3r denotes the number of rows in the contingency table, and ¢ denotes the number of columns
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(OBSERVED-EXPECT ED)EXPECTED
Herring Salmon Sablefish  Halibut

Long-T erm Lantract 012 001 0.05 0.62
S pot-Marker Contract 0.14 0,01 0.06 0.76

FIGURE 6-1

CONTRACTUAL CHOICE ACROSS FISHERiES

1
[N

050+
B 000 S
050+
1004

Hexring Sdron . Sddefish Hdlibut

The above ranking for ‘P . is identical to the previously defined perishability
ranking Moreover,‘the speciﬁcit_v ranking across gear-types also supports the above
values for ¥ . Herring fi’shers rely very heavily on the most inflexible harvesting
technology (i.e., purse seining); some sahmn fishers‘also employ this inflexib!e

’harve;sting wechnology but otherS use a hi;gnly flexible gear-type (troll gear), The long-
lline gear empjoyed in ihe halibut ﬁshery is also identified es flexible across species and
final product-form. Finally specificity in the processing technology is also consistent with
the above ranking. Recall thet the bulk of raw herring is directed to the market for

‘ heii:ing roe. Inveeuhents in the processing of herring roe are not adaptable to other
species or product-forms. Similariy, a large;pmportion of salmon is directed toward the

canned market, a product-form that also involves specific investments. Sablefish and
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halibut, however, are directed towa-d. the fresh/frozen market, which :involve very
flexible processing technologies. :

The above chi-square test does not capture the effects of the above variables
individually. That is; the c'ontribution of peﬁshability to contractuai choice cannot be
distinguished from those of technological inflexibility in harvesting or processing. The
cross-section of fisheﬁes involved in this study does not allow this obsérvational
équivalence; issue to be completely resolved “That is, there ix notkenough variation ih. all
variables across or within these four ¥sheries in order to determine their independent

influence on contractua! choice. Nonetheless, strong empirical support for the above

variables is obtained by applying the chi-square analysis to different subsets of the data.

Perishability

| Recall that the perishabiﬁty of a fisher's catch can be alleviated by on-board
dressing and/or frcezing. A chi-squgwe test of the significance of delivered product-form
to observed contractual choice is conducted below. Contin r?ency Table #2 indicates that,
of the 15,753 transaciions, 11,588 consisted of fishldelivered in the round (fresh and
undressed), 3,808 consisted of a fresh[-dressed intermediate produzt, and 357 consisted
of fish that had been frozen on-board prior to delivery. The majority of round deliveries
7,282) werc exchanged under a long-term contract, while the majority of drcs’scd.
(2,525) and frozen (274) deliveries were exchanged on the spot-market. The expected
frequencies of transactions in each classification are also shown in Contingency Table #2
along with the computed and critical chi-square values. Note that the null hypothesis is

easily rejected at the .01 level of significance.
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CONTINGENCY TABLE #2
OBSERVED FREQUFNGES
- Round Dressed Frozen 'i‘bid
Long-7 erm Controct 7282 1323 83 8648 .
S pot-Mcrket Controct 4306 2525 274 7105
T otcd 11588 3808 357 15753
EXPECTFD FREQUENCIES
Round Dressed Frozen
LongTermConitract -~ 6361.52 2090.50 195.98
S pot-Markel Controct 522648 171750 . 16102
COMPUTED = 1101.14 CRITICAL = Q.2
CHI-SQUARE CHI-SQUAQE
o (21 -Ol)

The deviations of observed from expected frequencies, \Pr,c are recorded below

and illusfrated in Figure 6-2.

s
BN

L ong-T erm Contract
Spot-Market Contrect

(OBSERVED-EXPECTED)EXPECTED

Round Dressed Frozen
.. 014 - 037 ° -058
<018 0.47

0.70

The deviation of observed frequency from that cxpcctéd under the null

hypothesis is positive for transactions involving {ish delivered in the round and negative

for fish delivered in the dressed or frozen product-forms. Given that delivered product-

tform is an accurate proxy for perishability, these results are consistent with the paper's

identification of the perishability variable as a determinant of contractual choice.
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FIGURE 6-2

CONTRACTUAL CHOICE ACROSS DELIVERED
PRODUCT-FORM

R ound A Dressed  Frazen
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& {ong-term Contract [ Spot-market Contract

Note that the above chi-squarq test does not allow us to deﬁnitigvcly idéntify
peﬁshai)ility as an importzint determinant of contractual choice. This is because delivered
product-form is correlated with other variables that are proposed to determine
contractuél choice. Contingency tables 2a to 2i illustrate the observed frequencies of
transactiohé across delivered product-form, when all other variables that potentially
affect contractual choice are held constant. In particular, for each of the chi-square tests,
2a t;) 2i, the following variables are held cbnstarit: species®, gear-type and number of
licences attached to the vessel. The way in which contractual choice varies across
delivered procuct form is then analyzed.

All 3,750 trafisactions referred to in contingency table 2a were conducted by
salmon seiners with onlykone licence. Of these transactions, 3,507 consisted of fish

delivered in the round and 243 consisted of a fresh-dressed intermediate product. Note

-

SThere is onty one delivered product-form for all specics but salmoa. Thus, the obscrvations in
contingency tables 2a-2i vonsist of salmon iransactions only.
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that the computed chi-square is significant at phc .001 level of significance. Moreover,
the deviation of observed from expected freqdency, P, is positive for round deliveries
and negative for dressed deliveries. Cbhtin"gency table 2b refers to iransactions
conducted by saimon seiners with twé licences, while TaBle 2c consists of transactions
conducted by salmon seiners with three or more licences. Eaéh of these tests indicates
that delivered produci-form is a significant determinant of contractual choice for

transactions involving salmon seine gear.

Contingéncy tables 2d to 2f refer iv grahsactions ir\;\;olving sélmon gillnetters.

Table 2d illustrates-the dist:ibution of transactions across contractual choice and.
delivered product-form for vessels with one licence, Table 2e for vessels with\ two
liccncés, and Table 2f for vessels with three or more licences. The chi-square analyses
indicate that delivered product-form is an important determinant of coniractual choice
forl gillnetters with one licence (o = .10). However, the computed chi-square statistic is
insignificant in tests 2 and 2f. That is, for transactions invoiving multiple-licensed
gillnetters, delivered producf—form does not appear to be an important determinant of

contractual choice.

CONT INGENCY TABLE #2a ' 120 kand Fraen
| 1.00"
I3 - . N -
E-dmon Sdnes; Onelicenca | 080"
OBSERVED FREQUENC ES 0401
- 3 0401
- ‘ 0.207
,5 Round Dmssed Totul 0.00
Long-Tem Contract 2804 136 2940 _0'20 ]
Spotit arkstContmct 703 107 810 '
040
Total 3507 243 3750
COM PUTRD = 77 22 Tae 001 =] Long-term Spot-markzt
CHESQUUARE Contract Contract
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CONTINGENCY TABLE #2b 260: Rand Freeen
Sdmon Seiners; Two Licences 1.50
OBSERVED FREQUENC =4 B" ] 'm
" 050
Round Dregged Tom)
Lang Temm Contmct . 2161 172 2333 0001~
Spoti arketContmct: 193 55 246 0 SOJL B
Total 2354 227 2581 ' ‘
COM PUTED 6135 = 001 Long-term [ Spot-market
CHISQUARE Contract Contract
wlNGENCNTAﬂng, 030( Rard Frceen
0.25
Salmn Seiners; Three ar Mare Licences 020
015
OBSERVED FR4()UENCES , 5. 0107
005
(0100] —%—6
. R d Dmgged Tota) B
7 Lang-Tezm COntnct o‘::)e N 131 839 '0% i —-
-0.10
Spoti! arketContmact 276 79 355 Q15
Total 984 210 1194 __ ,
COMPUTED 759 o= 01 long-term  [1] Spot-market
CHESQUARE Contract Contract:
r~ -
CONT INGENCY TABLE #2d 0.0 Rand Frazen
Salrnon Gillnetters, One Licence 005 e
OBSERVED FREQUENC ES 5 000 =y ==
R0105)
Round Dmesged Tota]
Long-Tem Contmct 1005 105 _ 1110 -0.10
SpotM arketContmct 1571 206 1777 015/
Total 2576 m 07| T 7
COM PUTED 323 a= 10 3 E Inng-te}rm O Epolm-market
CHISQUARE " Contract Contract
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CONT INGENCY TABLE #2e Y oo Rand Frazen
| Sﬁuiul%ﬂﬁ =Y TwoLicenoes Om _%M
OBEBERVEL VREQUENCXES 9_‘ 002
B IR
- Round Dregged Towa]
Long-Temm Contmact 252 37 209 005
SpotM arket Cantract 921 v 149 1070 _0 (B ] :
Total 1173 186 1359 '
S Long-term [ Spot-market
COM FUTED 0243 ineigrificont '
CHISQUARE Contract Contract
CONT INGENCY TABLE #2 o5 o Frezen
Sinnl(ﬁlhm. Sar Mare Liceroes 0.00
OBSERVED FREQUENC ES 3 005
Round D?med Total _0‘ 1 0
LongTem Contmact 109 23 132
SpotiM arket Contmct a3 - 119 5621 0.5/
Total 552 142 694, '
COM PUTED 0924 heigrificert Bl Long-term Spol-market
CHFSQUARE - Contract Contract
OONT INGENCY TABLE #29 010 Rard Frazen
SelmonTrvllers; One Licenoe 005
; i )OO0
OBSERVED FREQUENC ES > 0.05
- -0.10
Fmsah Frozen Tola.ﬂ _0 1 5
Long-Tem Contmct 249 20 269, _0‘20‘
Spoti arket Contmct 578 68 646 0.5
Total 827 88 915
COM PUTED 209 poges Long-term (7] Spot-market
CHISQUARE Contract Contract
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CONTINGENCY TABLE #2h ] b0 Rand Fraen
| ‘ 0Q21 =
Safmon Trallers; Two Licenoes :
. O,m —%.n__' + - 4
' OBSERVED FREQUENCES i B“ -GCQ ’
, S 010"}
Fresh Fozen Total 006 ‘
LongTeam Contract 216 27 . 243 '0.08 ]
Spot¥ arketContmct . 757 108 ess}’ 010b
Total 973 135 »11\'!2 .
COMPUTED - 033, Ireigraficant E long-term [ Spot~market
CHESQUARE ) Contract Contract i
CONT INGENCY TABLE #2i g, o Pae
Seimon Trallers; 3ar Mare Licenoes . 0.10
OBSERVED FREQUENCES B“ ‘ OCB .
_ 000 —l
Fmesh Fozen Tota) '
Long-Tem Contract 51 36 . 87 005
SpotM arketContact 186 98 284 . ’O -'O 1
Total 237 © 134 31
COM PUTED - 136 W E]ldﬁg—term (] Spot-market
CHISQUARE ~ Contract Contract

Contingency tables 2g to 2i refer to transactions involving salmon trollers. The sample
consists of very few troller exchanges for which aeliveries were in the round. Thus, these
observations were categorized as fresh or frozen. Frésh deliveries include both the very
few round deliveries as well as exchanges in which fish were dressed. As with the gillnet
exchanges, celivered product-fgnn is found to be insi gnificant in detérmining contractual
choice for transactions in which vessels have twe or more licences.

The above analysis indicates that the import rice of perishability as a determinant
of Contractual choice decreases with the flexibility olf the Harvcstihg technology. In

particular, perishability is an important determinant of contractual choice for transactions
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The above analysis indicates that the importance of\‘perishability as a determinant
of contractual choice decreases with the flexibility of the harvesting technology. In
partlcu}ar perishability is an unportant deierminant of contractual ch01ce for transactions
involving seiners and for transactlons in which the vessel is conﬁned to operatmg in one
fishery. This suggests that the flexibility of the harvesting technology across fisheries, :
and across intetmediate.and final product-forms, has a greater influence upon the choice

of contractual arrangement than does perishability.

ificity of the H ing Technol

. Gear Type

In order to establish the importance of gear-type in the choice of contractual
arrangement, a chi-square test is firsy -onducted on the data 6 observed frequencies
‘shown in contmgency table #3. Of the 15,753 observations, 7,809 deliveries were from
seiners, 4,940 from gillnetters, 257 from sablefish trap vessels, 52 from longliners, and
2, 395 from trollers. The majority of seine and trap deliveries were exchanged under
long -term contracts while the ma]onty of deliveries from the ather gear-types were
exchanged on the spot market. The highly swmﬁcant computed chi-square stahstlc of
4 ,203.33 1nd1cates that there is mgmﬁcanf ue\latlon of observed from expected |

frequenc1es across gear—types and contractual choice.
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CONTINGENCY T ABLE #3

CPSERVED FREQUENQES

sdne  Gilng Trep Longlne'f Tl Tod

LongT em Contract &286 1531 146 86 59 8648
Spot-Morket Confract 1523 340 Mmoo %6 179 7108
Tokd 7509 2040 257 352 2395 15754

ot -  ——r—

EXPECTED FREQUENCES

. séne  Gilnet Trqw  Longine Trall
LongTemContract 48694  2711.94 .00 1932 131479
Spot-Merket Contrect 352206 222806  'iS91. 18876 108021
COMPUTED = 420333 - CRITICAL = 13728
CHI-SQUARE CHI-SQUARE
- @,.01

The deviaticits of observed from expected frequenc1cs W, . are recorded below
and ﬂlustrated in Figure £-3. The deviation of ochrvcd frequency from that expected
~ under the null hypothc;s;s is positive for transactions mvolvmg fish delivered by seine and
tap gear and negative for fish dciivered by gillnetters, Ionghner and trollers. Given the
previous speciiicity raaking acroszqear-typcs the signs «f W fo: each category appear
to be roughly consistent with the paper's hypothesis. That i5 salmes transactions in
‘whicn the most specific gear-type, seine gear, is employed are cenducted more
frequently by long-tcrm contract than expected unficr the null hypothesis. Similarly,
ndnsactlons of sablefish trap landings are also conduc’ed vnder long-term contract to a

greater extent than catch harvested by the moie flexible longline gear.
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(CBSERVED- EXPECTED)EXPECIED
Sene Gling Trgp Londine Troll
LongT am Contract 0.47 044 om 055 034
Spot-Marke! Confract 057 03 - 0M4 0.68 0.66
FIGURE 6-3

Seine Gillnet Trop Langine Trdi
0.80 ‘
060 ‘ : ;
c40 i B ! j

B tagtemContrat 1 spot-market Contract

Note again, however that the above chi-square test does not allow us to
definitiveiy identify gear-type as an importani determinant of contractual choice. This iks
because gear-type may be correlated with other variables that are proposed to contribute
to contractual preferernce. Comihgency tables 3a to 3h illustrate the observed frequencies
of Iraiisactions across gear-type when all other variables that potentially affect
contractual choice are held constant. In narticular, fdr each of the chi-square tests, 3a to
31, the following variables are held const at: s cies, delivered product-form, and

number of licences attached to the vessel. The way in which contractual choice varies

across gear-type is then analyzed.
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Sare Glingt

CONTINGENCY TABLE #3a 0.80 1
Salmor, Round:, Ore Licence 0.60

0.40;

OBSERVED FREQUENC ES 5 0.20 %
0.0G6
Sehe ' Ginet Tota]} L0
Long-Tem Contract 2804 1006 3810 040
Spot¥ arratContzact 7e3 1579 2282} ! 060
Total A 3507 2585 6092

& Long-term [ Spot-market

COM PUTED = 106974 « =.001

CHESQUARE Contract ~ Contract

CONT INGENCY TABLE #3b e, ciret

Sahmory Round; Two Licences 1.00 , N
'OBSBRV'ED FREQUENCES Oa)
0.001 : |
Seine G ihet Total

long-Tem Contzact 2161 252 2413 0.80
Spot:M arketContract ' 193 930 1123 .00
[Towm1 2354 1182 3536 '
¢
COM PUTED = 1803 53 o = 001 = Long-term ’ (] Spot-market
CHIBQUARE Contract Contract

S

Contingency tableé 3a to 3c iilustrate the distribution of spbt—market and long-
term contract transactions across the seine and gillnet gear-types. All of these deliveries’
consisted of a round prodﬁét-form. The deliveries referred to in Table 3a were all
conducted by vessels witt. Lnly one licence; those Table 3b by vessels with two licences,
and those in Table 3c by vessels licenced to operate in three or more fisheries. The |
-omputed chi-square statistic is highly significant in each of these tests. Moreover, the

deviation of observed from {requencies for each gear/coni‘aci classification is consistent
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with the thesis’ hypothesis. That is, transactions involving seine gear are overwhelmingly

conducted via long-term contractual arrangements.

CONTINGENCY TABLE #3c N amr ™ clind
Sabnm = - 1 0: &0
Round; 3or More Licences 0.40
' 020
OBSERVED FREQUENCES B“ Dm ]
: 020
. 7 Saine Gilnet Total 'O 4) ]
Long<Term Contract 708 109 817 040 [
SpotM arketContmact 276 as 721 080
Total 984 554 1538
P — - popm popye E long-term [ Spot- market
CHISQUARE Contract Contract

Contingency tables 3d to 3f illusnreiie tne distribution of salmon transactions
across the three gear-tyjies employed in the salmon fishery. All of these deliveries
conéisted of a dressed intermediate produci-form. The exchanges of fish summarized‘in
Table(3d were all delivered by single-licensed vessels, and ’those in Tables 3e and 3f by
mqliiple-liccnsed vessels. Again, the computed chi-sqnare statistics are highly significant.
The mgét ransaction-specific gear-type, seine gear, was employed primarily in |

exchanées 'governed by long-térm contract, while vessels equipped with the less specific

gear-types, gillnetters and trollers, operated more heavily on the spot market.

Contirigency tables 3g and 3k illustrate the distribution of sablefish deliveries, all ‘7
of which wc;fe in a dressed proyduct-form, across trap and long-line gear. The delivreries
of sablefish i‘eferrcd to in Table 5g were conducted by vessels liccncéd to operaie in
fewer man'ﬁlree fisheries, while those referred to in Table 3h were conducted by vessels
with three or more licences. The cdmpute;l chiﬁsquarc statistic is insigniﬁcant for |

contingency table 3g, but significant for contingency table 3h. The deviations of
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observed from expected frequencies are pOS’tIVC for deliveries harvested by trap gear and

negative for deliveries harvested by longline gear This is consistent with the them

contention that the preference for long-term contracting is positively correlated with the

presence of transaction-specific assets.

Sdre

CONTINGENCY TABLE #3d 060 Qg Trd
Sabmorg Dressed; One Licence 040
.. OBSERVED FREQUENCES > 020
| 000 @g
Sehe  Giet Tol  Towl
Long-Tem Contract - 136 105 248 489| 0201
SpotM arketContmact 107 206 570 883l | I
Total 243 311 818 1372 040
l
. |comrpureD = 5435 o« =.001 |- E degfqm N Spot-market
CHESQUARE ] Corifrecy Conredt,
CONTINGENCY TABLE #3e 150 Seée Gt Trdl
Sahoxx, Dréssed; TwoLicences 1.00
OBSERVED FREQUENC ES 5 050
00 =TT
Selns  Gilnet DL  Total ‘
Long-Tem Contract 172 37 216, 425) 0.80
SpotM arket Contmact 55 s 748 - 952 1ol
Total 227 186 964 1377 o
COM PUTED = 25734 « =001 = Longtem Os pot-merket
CHESQUARE - Cotrad Contret
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CHISQUARE

CONTINGENCY T ABLE #3t | Seme Gline
Sl 0.80
0.601
Dresed; 3oar More Licenoes "
‘, 0.40
OBSERVED FREQUENC ES 9_‘ 0.20
0.001
Sedne G Inet Tl Tota] _Om ]
Laag-Tenn Contract 131 23 51 205 040
Spoti arket Contmct 79 119 184 282 060
Toml 210 142 235 587, "
[com puTED = 10955 « =.001 E Lg‘g’rerm Spo-market
CHISQUARE : Contract Cotrad -
CONT INGEI Y TABLE #3g 060, Trep . Longine
nmd: Less than 3Licences - 0.401
OBSERVED ngmﬁnc ES 9" Om
. 0.001
T=p Langlne Total
Long-Tem Contiact ' 4 51 -0.201
SpotM arketCantmact 28 & 34
Total : 75 10 85 040
{COMPUTED - 189 hagnificant = Langterm [] Spa-market
CHEBQUARE Contrat Contract
CONTINGENCY TABLE #3h 0D Tre Lagre
' Dressat 3ar More Licenoss 020
| 0.10
ossgavm) FREQUENC ES 3 000
T=p Longlhe Tota] ‘ 0107
Long TemCor-uact 36 27 63 00
Spotd arketContact p.7) 46 69
Total 3 3 131 -O.\IJ
COMPUTED = 815 e 05 . | e Logtarr [ Spo-rake |
N Qrircd - Qo
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Vessel Flexibility

The flexibility of the vessel across fiskeres and intermediate product is captured
by observing differences in Coquacﬁng behaviour between single-licensed and multipte-
licensed vessels. Contingency table #4 illustzates the distribution of spot-market and
long-term transactions across categonss denviing the number of licences attachzd to the
vessel. Of the 15,753 transactions, ’},605 were conducted by vessels with only one
licence (or iab), 5,454 by vessels with tv0 Jicences, 2,250 ty vessels with 3 licences, and
494 by vessels with 4 o’ rore icences. The majority of transactions in which vessels had
two or fewer licences were govémed by long-teﬁn cdntracts. Conversely, vessels with

multiple licences opesated primarily on the spot markgi.

__CONTINGENCY TABLE #4

OBSERVED FREQUENCIES .
. 1Tcb  2Tchs  3Tchs >3Tabs  Told
Long-T erm Controct 4385 317 - 995 201 8648
Spot-Marksi Contract 5270 2337 1255 243 7105
Told 7505 5454 2250 444 15753
EXPE CTED FREQUENCIES -
, iTcb  2Tcbs  3Tcbs  >3Tobs
Long T erm Contract 417495 299411 123519 24374
Spot-Mcrket Contract 343005 245989 101481 20026
COMPUTED = 1827 CRITICAL = 135
CHI-S QUARE  CHI-SQUARE .
: @..0D

The computed chi-square statistic is significant, implying that the vessel's

fiexibility across fisheries is ar isaportant determinant of coniractual choice. The -~
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deviations of observed from expected frequencies, \Pr,c’ are shown in the following

table, and graphically de

. :. R (A -
picted in Figure ¢-A. _ .

“{LonG-T erm Contracs
S pot-Market Contract

(OBSERVED - EXPECTED)EXPECTED

1T 2Tdbs 3Tobs >3 Tcbs
0.05 0.04 -0.19 . =018
-0.05 -0.05 024 - 021

Teansactions geverred by spot-marke; contracts are observed to increase with

vessel flexibility. That is, multiple-licensed vessels are icss specific @ the the praduction

of a particular intermediate product, and, therefore, less specific to a particular

transaction. The thesis' hypothesis implies that a5 assets become less transaction-specific,

there is a decreased probability of exchanging under a long-term contract.

FIGURE 6-4
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In order to ensure that 1t is indemgi vessel flexibility that is guiding C(;ntractual
preference, an additional series of tests arc condﬁcted which hold constant other
variables that potentially contfibute to contractual choice. Conting;:pcy tables 4a io 4j
report the distributions of spot-market and long-term trgmséctions across numbers of
vessel licences while holding constant species, gear-type and deliveréd product-f‘ormb..

For salmon transactions, illustrated in tables 4a to 4f, the chi-square statistic is
significant for each of the tests. The deviations of observed from expected frcélucncies,
‘¥, in each classification are, in general, as predicted by the thesis' hypothésis.T That is,

“transactions in which the vessel has few licences tend to be dominated by strOnglvertical

ties between fisher and processor.

CONTINGENCY TABLE #a Il A
: 0.80;
Sdnory Seine Gear; Rourd 060
= 00
OBSERVED FREQUENC ES ' o
: : 0
) , 1Teb 2Tebe 3Teba >3Tebs  Tot] 0D
Leng-Tezm Contiact 604 61 566 12 5673 00
SpotMaeiCanbact |- 703 193 .- 238 3’ 0P -(1 @
a1 s 24 @4 160 AS
COMPUTED = 23849 T a=m1 B logter U Spomaiket
CHISQUARE Qotradt Qofrad

7Note that in tests 4a and 4b there are fewer than expected (under the null) exchanges governed by long-
term contracts for vessels with only one licence. This result is not consistent with the thesis’ hypothesis.
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CONT INGENCY TABLE #4b L
‘ 0.50; . :
Sdmon; Seine Gear; Dressed - 040+
0.301
OBSERVED FREQUENC ES 8%8
> 000
1Tab 32Tabs 3Tabs >3 Tabs Total -0.10
Long-Tem Contmact 136 172 128 3 439 020
SpotM arketContact 107 55 76 3 21 8%
Toml 243 227 204 6 680 )
[computED = 2116 a =.001 = Langtem Spat-maket
CHISQUARL Caontrat Contrat
CONTINGENCYTABLE #4c .
Sdmon; Gilinet Gecr; Round
OBSERVED FREQUENC ES
1Tab 2Tabs 3Tabs- >3Tabs  .Tow]
Long-Tele: Contact 1005 252 108 1 1366
SpobM azketContzact 1571 921 402 a 2935,
Total 2576 um 510 a  wo
COM PUTED = 16279 a =.001 ,
CHISQUARE Catrad Cantrat
OONTINGENCY TABLE #4d
) 0.407
Sdmon; Gilinet Gear; Dressed - 020
0.001
OBSERVED FREQUENC ES 00
’ > 040
.. 1Tab 2Tabs 3Tsbs >3 Tabs Total 040
LongTem Contmct 105 37 PX) 0 . 165 _0' 80
SpotiM arketCootiact 206 149 es 3 474 R .&J’
Total ; m 186 111 31 639 o
. "-"‘-
COMPUTED = 2595 , a =.001 g Langterm [ Spo-maket
CHISQUARE Caontrad Cotrat . |
]
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y 2 3 >3

CONTINGENCY TABLE #de
Sdimon; Troll Gear; Fresh Dressed :
OBSERVED FREQUENC ES
“1Tab 2Tabs 3Tabs >3 Tabs Total |
Long-Tem Contact 249 216 a 8 516
{SpotM atketContiact 578 757 - 159 27 1521
Total 827 973 202 35 2037
COMPUTED = 1689 o =.001
CHESQUARE
) —
CONT INGENCY TABLE #4f
) 0.80
Sdmon; Troll Gear; Frozen 0.60
OBSERVED FREQUENC ES 0.40
3 0.20
1Tab 2Tabs 3Tabs 33 Tabe Tota] 0.001
Long-Tem Contmact 20 2 13 19 83 020
SpotM arketContract &8 108 €9 29 274 0.40
Total 88 135 86 48 357 ) ) 7
COMPUTED ~ = 857 @ =05 B lagtem L spat-maket
CHISQUARE Cantrat Cantract
- ] 2 3 >3
CWTINGE?\CYTABLE#A@ 7 To Tas " Tobs T
Longine Gex; Fresh Dressed 1.50
OBSERVED PREQUENC ES 1.00
B« 050
1wih 2Tabs 3Tabs >3 Tabs - Yol 0.00
Long-Tem Contract 7 5 'y 77 81 0.50
Bpot avketContact 'l as 150 58 257 1.0
Totl 1 50 192 -85 338 ’
COM PUTED = 1815 o =.001 = Langterm 0 Spd—fgkd
CHISQUARE i Cafrad Canr
Y el k)

121 |



CONTINGENCY TABLE #4h

Herring, Seine Gear; Round

OBSERVED FREQUENCES

1 2 3 >3
Tcb Tds Tds Tdz

0.60
0.40
020
0.00
020
0.40"

1Tab 2Tsbs 3Tabs >3 Tabs Tota)
Long-Sens Contract 7 147 17 3 174
SpotM arketContmact 6 73 a7 4 110
Total 13 220 44 7 284
COM PUTED 13 65 a =.01
CHISQUARE

B Logtam Spat-maket
Caradt Centrat

Contingency table 4g illustrates the distribution of both sablefish and halibut

longline deliveries across contractual arrangement.® The chi-square statistic is significant

and the deviations of observed from expected frequencies, ‘P, as predicted by the thesis'

hypothesis.

Contingency table 4h refers to observations of herring seine deliveries, all of

which were in the round. The computed chi-square statistic is significant at o = .01. The

deviations of observed from expected frequencies are consistent with the thesis'

hypothesis with the exception of the single-licence classification. Here, more transactions -

than expected under the null hypothesis were conducted on the spot-market. The thesis'

hypothesis predicts that fewer than expected under the null hypothesis would be |

conducted on the spot market.

8Sablefish and halibut deliveries have been combined for this test because there are an insufficient
number of fresh-dressed sablefish deliveries by longliners to allow a separate test.
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2Tds

CONTINGENCY TABLE #4i - — 1‘£D‘r
i o 0.80
Sdbiefish; Trop Gear; Round 0.60 1
OBSERVED FREQUENC ES o | 2401
= E’ C.201
2 Tabks 3;1‘abs >Y Tabs Total '8‘%’* t:] -
Long Tem Contmct 52 5 6 - 63 040! ‘ et
SpotM aﬂ:et?onuact - 18 1 8 - . 27 -0: 60
Total 70 . 6 14 90,
COM PUTED = 603  a=05 7 = Langtam [l S pat-market
CHIEQUARE ‘ ' F Contrat Contrat
: A ' <3 >2
CONTINGENCY TABLE #4j Yot Yets
, 1.0
Sablefish; Trap Gear; Dressed 0.80
0.80 o
OBSERVED FREQUENC ES 0.40 Dt
3 Tab ‘ 2 Tab Tota] > G.20 |
_ ‘ < a - > 9 o - ) : )
Long-Tem Contmact 47 36 83 _8£ %—J
SpotM atketContract 28 22 56 ’ O' 0
Total 75 58 133 o ]
. lcoM PUTED = 0004 nsinificant =] Longtem ] Spat-maket
CHESQUARE Contract . Contrat

Contingency tables 4i and 4j refer to transactions of sablefish. The effect of vessel
flexibility across fisheries on contractual choice is found to be signiﬁéxant»for vessels
usihg trap gear and dclifcrinLg a round product form, but insignificant for vessels
delivering a fresh dressed interfnedielte product. The deviaticns of observed from

expected frequencies are consistent with the pred.ctions of the thesis' hypothesis.

123



The above chi-square tests indicate that the specificity of the vessel to a ‘
particular fishery is directly related to the incidence of transactions governed by long-

erm contracts.

Flexibility of Pr ing Technology

- In order to account for the effect of investment specificity in processing upon
’contractual choice, each exchange is characterized as either between a fisher and a
processor with canning facilities, or between a fisher and a processof without canning
facilities. Recall that investments in canning equipment are highly specific to the
‘production of canned salmon. Other investments in procéssing (eg., freezing capacity)

are more flexible across intermediate and final products.

CONTINGENCY TABLE #5

OBSERVED FREQUENCIES

Canning No CcnninQ

F ccilities F ccilities Totd
L ong-T erm Contract : 7319 923 8242
Spot-Market Contract 3658 2963 6621
T otd 10977 3886 14863°

EXPECTED FREQUENCIES

Conning No Canning

F acilities f ccilities
Long-T em Contract 6087.09 2154.91

( Spot-Maket Contrect 488991 1731.09
COMPUTED = 214059 CRITICAL 6.64
CHI-SQUARE CHI-SQUARE
: ' (1,.01)
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Cpntmgency table #5 summarizes the distribution of salmon deliveries across
processors tha: have canning facilities and those that do not. Of the 14,853 observations
of salmon deliveries, 10,977 were made to companies that have canning facilities and
3,886 to companies without canning facilities. The vast majority of exchanges befween

-fishers and canners were governed by long-term contracts, while the majority of
deliveries to non-canners were conducted on the spot market. The chi-square statistic is
highly sigaificant. implying that specificity in processiflg is & primary determinant of
contractual choicé. The diriaction of deviations from observed and exnected frequencies,

illustrated in Figure 6-5, are consistent with the thesis' hypothesis.

FIGURE 6-5

CONTRACTUAL CHOICE ACROSS VESSEL
TYPE

. Canners Non-Canners

0.80 7
0.60 1
0.40 ;
0.20

0.00 1
-0.20 1
-0.40

’ -0.6C ¢

& long-term Contract L] Spot—market Contract

In order t¢ more definitively establish support for the contention that specificity
1n processing contributes to contractual preference, an additional series of tests are
conducted which held constant other variables that potentially contribute to contractual

choice. Contingency tables 5a to 5f illustrate the distribution of spot-market and long-
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term trarsactions across canners and non-canners while holding constant the following
variables: delivered product-form, gear-type, and number of vessel licences. Only
transactions involving a round p.uduct-form are considered, since no other product—fohn
(i.e., dressed or frozen) is directed toward the canned market. Each of the corresponding
chi-square tests is significant with the exception of that for contingency table #5c.
Moreover the deviations of observed from expected (nnder the null) frequencies are
positive for long-term transactions between fishers and canners, and negative for long-
term transactions between fishers and non-canners. This indicates a positive correlation

between the incidence of vertical ties and asset-specificity in the processing technology.

CONT INGENCY TABLE #50 - :"‘m
Sdmon Senas 2007
Rounct Onelicence B
— 1.5 !
OBSERVED PREQUENC ES 10+ § -
Carmer Nm-Carmer ol 0507 ‘
Leng Tem Contmact 2658 145 2804, ol e
Spota arketCantct 553 150 763 050+
Total 13 296 3750
COX PUTED n81 a= 001 = bng-ieym i Spcf‘.—markei
CHIGQUARE Contract Contract
Nav
CONTINGENCY TABLE #5b Care Care
Sdmon Seners 1507
Round: Two Licences —_—
100 g
OBSERVED FREQUENC ES 050+ ;
5 ==
Carmer NonCammer Tom] 00— E
Loag Tem Contact 2006 155 2804, 0801
Spotil arkstC oot 22 101 703 100!
{Toml 2098 25 3750) )
COMDUTED s s e E long-term [ Spot-market
CHISQUARE Contract Contract




CONTINGENCY TABLE #5¢ ! CZ';;
Sdmon Seiners 020«
Round 3 or Morelicences 015 —
OBSERVED FREQUENC ES Q10
> QL6
Carmer NmCaz?u Tota] Q.00 y
Long Tem Contmact 590 118 708| 0064 —
Spota arketCantmct 215 57 276 010
Toml 808 175 98¢ a
COMPUTED - 216 iosigrificant = iﬂng—tem {3 Spot-market
CHISQUARE Contract Contract
CONTINGENCY TABLE #5d . N
Sdmon Glilngters oA
Roung 1 Licence }
020 .
OBBERVED FREQUENC ES 000 }
> T
Canner Ran<C anner Total 0207
LongTem Contract 97 151 10481 040
Spot# arketContract 844 £93 1537 060
Total 1741 844 2584 '
COM PUTED - 26672 p—— g E long-term  [J Spot-market
CHISQUARE % Contract Contract
L
Nerv
CONT INGENCY TABLE #5e G o
Sdmon Gilinefters 040
Roungd 2 Licences ‘
0.20
GBSERVED PREQUENCES om . ; }
=2
Carmer NanCanner Tota] 0D
Long Tem Contmct 219 13 254 L4
SpotM arketContmact 582 s 230 04
Totai B0 381 1182 )
]
Co¥ PUTED - prpn e & long-term  LJ Spot-market |
CHISQUARE Contract Contract é
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CONT INGENCY TABLE #5f
= Sdiron Gllinetters 0.601
Round 3 or Morelicences 0.401
. 0201
OBSERVED FREQUENC ES 0.00
020
Cannexr Non-Canner Tota) 0.401
Long#Ffarm Cantract 109 0 T2 109 -Ow
8potH arketContyact 253 192 445 :?%
Total 362 is2 554
COMPUTED . 7197 ool El1ong-term Spot-market
CHISQUARE , Contract -Contract

i

The foregoing non-parametric empirical analysis offers strong supnort for the
thesis' contention that contractual choice in the mtermedrate market for raw frsh is
determined by the presence of transactron—specrﬁc assets in both harvestrng and
processrng.Tne results of the empmcal analysis can be summarized as follows:

- The following variables have been identified as irnportérnt determinants .of contractual
choice: perishability of the intermedrate pro_duct-form, flexibility of the gear across ~
intermediate product-forms, and flexibility of the ﬁshing vessel across fisheries.

- There exists a positi\}e correlation between therdegree of asset—specificity and the
1ncrdence of transactions conducted via incomplete long-term contracts

- The higher is the degree of asset—specrfrclty, the stronger 1s the vertical t1e existing

between fisher and processor.
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robit Model
The probit model belongs to the general olass of qualitative choice models. All .

qualitative choice models calculate the probability that a decisior-maker will choose a
particular alternative from a set of al;ematives, given categorical data, YE(=1,...,K)
observed by the researcher. The models differ in the functional form that relates the
observed data to the probability (Train, 1986: 7). _‘

~The probit probability mode! is assotiated withrthe cumulativ\e normal probability
funcﬁoo. Assume that there exists a theoretical inoex Z ‘which is determined by a vector
of explanatory variables X. The index Z is assufned to i)e a continuous variable which is

“random and normally distributed.

Z; = a + pX; S ' -

It is assumed that observations on Z are not available; instead, the data distinguishes only
whether md1v1dua1 observatlons are in one category (i.e., one range. of the index Z; ) or a
second category (another range of Z;). Probit ana]y51s obtains estimates for the
:parameters o and P and the relationship ,betweep Z and the observed categorlc,dl
variable, YK (Pindyck and Rubinfeld, 1981: 281).

How cao the probit model be applied to contractual choice in the mtennediete
market for raw fish? The varlable Z r'a;l be interpreted as the propensny of the exehange
to ex post hold- -up. In this parﬂcular application, then, Z is a theoretical construct based .
on the model presented in Chapter 3. Although Z is unobservable, the available data
(information on vessel ownership and financing, and bonus payments) indicates whether,
based on the tliesis' hypothesis, Z takes on high values (f.e., there is a high propensity to
hold-up) or whether Z takes on low values (i.e., there is a low propensity io hold-up).

According to the thesis' hypothesis, high values of Z increase the probability that the
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transaction is conducted underran incomplete, long-term contract Assume that the

propensity of an exchange to hold-up is a linear functlon of the vector of explanatory 7
vanables X. Then the probit model provides a suitable means of estlmatlng the slope and ‘
intercept parameters of the relationship between the propensity to hold-up and the

roposed explanatory variables.

; The_jBigagy, Probit Model

| - It is useful to first model a binary choice problem. How does the underlying index
Z relatc to the actual contractual information available? Let Y represent a dummy
variable whicrh edualc when the vessel is owned or financed by the processor, or when
the processor compensatea the fisher with a season- end bonus, and 0 otherwise. Then
assarie that, for each individual transaction; Zl represents the cr1t1cal cutoff value wh1ch

‘translates the u underlying index into a contractval choice. Spemﬁcally.

Y, =1 if Z; >7;"

0 if z; <7

The probit model assumes that Z isa normally dlstnbuted random variable. The
probability that Zl is Iess thau or equal toZ; can be computed from the cumulatlve

normal probdb111ty function. The standardlzed normal dlstnbutlon function is wntten

("
P; = F(Z;) = 1 e~ s

e

where sisa random vanable which is normally distributed with mean zero and unit
variance. To obtain an estimate of the 1ndex Z;we apply the inverse of the cumulanve

normal fenction (Pindyck and Rubinfeld, 1981 281 282)
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zl = FlP) - o +BX;

N

The estimated coefficients, B, reflect the effect 6f a change iri an independ&nt
variable upon Z, The magmtude of the i increase in prouablhty depends upon the original
probabilitr and thus upon the initial values of all .he independent vanables and their
coefficients. levs while the qlgn of the estimated coefﬁcient indicates the direction of
change the magnitude depends upon the probablllty dens‘tv fmctmu or the \teeyness of

the cumulative density function (Judgc et. al., 1981: 767)

The probability that transaction i is governed by 1 tong-term contract, Y,
depends upon the propensity of transactiop ¢ o ex post hold-up, Z;, which is in turn
dependent upon the degree of asset specificity in transaciipn i. Asset-specificity in

transactions is accounted for by the following vector of explanatory variables, X;:

X;= [CAN?;, %DELIVj, TRAPY; GILLNET”[, SEINE?[, ROUND ,,WEIGHT,,
TABS;]

and:

CAN?; =1  if the ith transaction involved a processor that had
invested in canmng facilities ’

i

0 otherwise

3
-
»

%DELIV; = percentage of 1988 induétry catch delivered to the buyer ’

1

TRAP?

-,

1 if transaction { involved the employment of trap gear

0 6therwiss R ' -
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GILLNET?,- = 1 if transaction i involved the emp;loymént of gillnet

. : . gear

= 0 otherwise

SEINE?; = 1 if transaction { involved the employinent of seine gear

= 0 otherwise -

ROUND?; = 1 if transaction i consisted of fish delivered in the round

= 0 otherwise _
WEIGHT; = volume of catch delivered

TABS; = number of additional fishery-specific licences attached to the
vessel involved in transaction i

The variable CAN?; is intended to account for the existence of asset-specificity in
the processing technology. As CAN ?; increases from 0 ie 1, the processor's investrnent
becomes more specific to the trasaction. The variable ‘%DELIV,- denotes the
concentration of deliveries to the individual processor; the purpose of including this
variable is to explore the Schwindi-Schaffer—Pinkerton hypothesis that industry
| coriceﬁtration is the fnost important determinant of non-price coynpetiﬁion. Increases in
indl;strj/ concentration are hypothesized to lead to a higher incidence of vertical ties. The
rémaining variables (TRAP?;, . .. TvABS i) serve Vas pquies fo; capturingm the degr\:é of
asse;-spe}:iﬁcity embodied in the harvesting technology. With the excepu’oh of | TABS;,
observations on these variables are each entered so that they positively COr_r%:stiond i
higher levels of asset-specifity. An increase in the variable TABS ; indicates an incfeaée in’
the number of fishery-specific licences attached to the vessel; thus, higher values for

TABS; correspongls to a lower degree of asset specificity.
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A cs( of the hypothes'is HO‘: B1 = By =.... = Bg = 0 is conducted using
the 11ke11h0r\d ratio prmedum If nis the number of successes (Y; = 1) observed in the T

oosgrvatxons, then the maximum value of the log-likelihood function under the null

hypothesis is:

lnL/(cAo)=n1n(”T)+(T—n)1n(T"’f/T) (6-1)

Cons quently, if the hvpothe51s is true, then asymptotically

-2[ln L(m) —In L_(Q)] ' ; ‘ (6-2) |

hasa fo;,) distribution, where In L(f)) is the value of the log-likelihood function

N

evaluated at B', the maximum likelihood es‘timators9 (Judge, et.al., 1985: 767).
Acceptance of the null hypothesrs implies that none of the explandtory variables has any
effect on the propensrfy of the tmnsactlcn 10 ex post lmla’-up

Table 6-1 summarizes the zesults of the binary problt arialysis. The computed x2 |
statistic is easily accepted at a very high level of confidence. Of particular interest are the
signs of the estimated coefficients and their asscciated t—ratics'O.

The t-statistics indicate that each variable is highly significant at greater than the
99% level. Moreover, the signs of the estimated cucfficients are largely consistent with
the thesis’ hypothesis. Note that, wrth the exception of TABS, an increase in each of the
mdependent variables causes an increase in the degree of specificity in the transaction.
Thus, the thes1s hypothes1s implies that the estimated coefficients on these variables
should be positive (i.e., an increase in asset specificity leads to an increased The only

variable for which this is not true is the variable GILLNET?. Note that there are three

9The maximum likelihood estimators are those values of B that maximizes the likeiihood function, i.c.,
the values of P that gives the highest probability that the sampied decnsronmakers would choosc the
alternatives that they actually did choose (Train, 1986: 45).

10The t-ratio for each of the variables is computed as follows: ty, = (B'- Bo) / s . where B'is the

‘estimated coefficient, and Sg is the estimate of its standard error.

o
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Table 6-1: Binary Prcbit Regression

Log Likelihood -8007.3
Restricded LogLikeinood -10843
Ch-Sauae (® - 56722
Levd of Significonce 3.20E-14

Vaiddle Coefficient Std Error T-Rdtio
ONE - -1.039 0.034 -30.61
CAN? 0.728 0.033 22.06

%DELIV 0.008 0.001 6.00

TRAP? 1.22 0.091 1341 -
GILLNET? 0177 0.047 -3.74
SEINE? 1.1 0.046 23.78

ROUND?  0.156 0039 400
WEIGHT ~ ZD0E-07 600E-08 279
TABS 0.091 0014 640

e

3

dunmy variables denoting gear-type. The fourth iinp;licit dummy varialz;le ;epresents ‘t»\;/o
gcar—fypes, longiine and truh gear. A negative poefﬁcient on GILLNET? is therefore
interpreted as foilows: a change in gear-&ype from troll or longline gear to gillnet gear,
reduces the probability that ihe transaction. is goveméd by an incomplete, long-term

_ contract. If gillnet Vgear is indeed more specific to a particular transaction than is longline
;)r troll gear, a negative coefficient on GILLNET? is inconsistent with the thesis’
hypothesis. "

Npte that the industry concentration variable, %DELIV, is (significantly)
positively correlated vx;ith_ contractual choice. Both the strategic collusion rationale for
non-price competition, and the rationale proposed by this thesis are consistent with this
outcome. Recall t!)&t the strategic co'llusick)n hypothésis, proposed by Shaffer (1979),
Schwindt (1982) 'and Pinkerton (1987), states that nbn-price competitioh is used by -

oligoposinistic processors to avoid the erosion of profits that wesld result from price
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competition. This hypbthesis implies that processors with a larger share of the raw
salmon market are more likely to form vertical ties (i.e., long;tenn contracts) with fishers '+
than are buyers with an insignificant market share. Conversely, the, hypothesis posed by
this thesis suggests that the probability of a long-term contract increases yvith the
propensity of the exr‘hang., to ex pcst hold-up. The propensrfyﬂto hold-up is greater the
fewer are the number of potentral alternative exchanges. The larger is the share of frsh
landings purchased by the buying party in the trnsaction, the fewer are the alternatlve
exchanges available to the seller. ’

- Direct comparisor'l:stbetween the estimated coefficients shown in Table 6-1 must
be ‘Indertaken with caution. The normalization made in conducting the probit estimation
generally leads to coefficients of an arbitrary scale. It is the relative magnitudes of
coefﬁcients that is important, rather than their absolute sizes (Pindyck and Rnbinfeld,
1985: 284-285). Moreover interpretation of th < estimated coeffrcrents must recogmze
dl‘ferences in the scale of measurement used for each of the explanatory varrables“

Rec:(] that the above model estirnates the relatlonshrp between the explanatory
variables and Zi, the probability that the transaction would 1nvolve ex post hold-up. For
example, the estimated coefﬁcrcnt for SEINE‘7 may be 1nterpreted as fo]lows in moving
from troll or longline gear to seine gear, where the latter is more specrfrc to the
transaction, the propensity of: the transaction to ex post hold-up (Zi) increases by 1.1.
This increased propensity to hold-up increases the probability that the parties to the \
transaction will engage in long-term contracting (Yi). The estimated coefficient for |

WEIGHT is interpreted as follows: a 1 pound increase in the volume of deliveries to the

RS

UTke estimated coefficienss on %DELIV and WEIGHT are deceptively snall relative to the other
coefficiznts. A unit change ir, %DELIV is a percentage point, while a unit change in WEIGHT is one
pound of cat-h, Both are continuous scales of measurement. Since the other regressors are dummy
variables the s:al’S 07 measuremcsi are discrete. Thus, a unit change in a discrete regressor is likely to
have a much greater impact than a enit change in a contmous regressor. :

} N |
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processcr increases the propensity of;the exchange to hold-up by 2E-7; thic j4 turn leads

to increased probability of a longéterm contract.

1 h}gr M‘ ultinomial Qrdered Probit Mgd,gl)

s 'Ihe’above analysis models the contractual choice problem as having only two
possible a’lternativeqs_r so that the dependent variable is dichotomous. That is, decision-
makers elect to exohange the intermeoiate preduct on the spot marke: or under an
incomplete, long-term contract. It is useful to model contractual choice so as to allow for
more than two 'possible outcomes. In particular, tho multinomial ordered probit can be

applied in the following way!2:

if Z; > u3‘

if pp<Z;<u3

N W A

if W1<Zj <
1 if pug < Z; < g

0 if Z; <

Thus, the ordered probit modol assumes there are cutoff points, L, P«lj Ko, and p3
which define the relationship oetween the observed and unobsorved dependent variables.
As in the binary probit olodel, tite parameters are estimated usuq w;fuximum-likelihood
nonlinear estimation rootine (Pindyck and Ruoif;feld, 1981:308). Let Y; =4 if the
processor had majorityn ownership in the ;/éssel, 4Y,- = 3 if the processor had niinoﬁty
owner;hip in the vessel, Y; =2 if the vessel was financed by thé precessor, Y;=1if the

vessel owner/operator received a season-end bonus from the processor, and Y; =0

‘ 12The multinomial ordered ;;i‘obii model vas Ceveloped by Zavoina and McElvey, 1975.

4
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otherwise. Note that each of these categories are mutually exclusive.

Table 6-2: Multinomial Ordered Probit Regressior.

LogLikelinood -19354
Restricted LogLikelihood 21536
Chi-Squae(® - . 4364.4

Level of Significance 3.20E-14

Vaicbie - Coefficient Sid.Error T -Rdio

ONE 09775 00315  -3105
CAN? 0.494 0.0277 17.81
%DELIV 00175 0.0011 15.53
TRAP?  1.203 0.0692 17.39

GILLNET?  0.0737 0.0409 1.80
SEINE? 0.7767 0.0407 -~ 19.08

ROUND? =~ 0203 00324 527

WEIGHT  4.00E-07 4.00E08 8.94

TABS . -0.1049 00121 -8.67
I, 02847 0.0071 39.84

H 5 0.6403 0.0101 63.18

W,08792 00114  77.32

Table 6-2 summarizes the results of the multinomial ordered probit. The signs of |
all coefficients are consistent with the thesis' liypothesis. As with ﬁlc binary probit model,
the estimated coefficients reveal the relationship between the explanatory variables and
the propensity of a transaction to ex post hold-up, Z.

Both probit regressions rcsﬁlt in significantly positive coefficienis for the
variables CAN? and %DELIV. Table 6-3 illustrates the éon"eiation matrix of explanatory

variables. There is a sttong positive correlation (.617) between the variables CAN and

%DELIV; that is, companies that have canning capacity also purchase a high proportion
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of landed weight. Despite this correlation, each of the above vaﬁables is significant,
indicating that they ar; each important determinants of contractual choice; thus |
multiéollinearity is not a serious problem. |
Note that the ordered probit model generates a positive estimated coefficient for
GILLNET?, while the binary probit model estimated a significantly, negative coefficient -
for GILLNET?.. Each of the probit regressions, then, identifies the use of seine or trap
gear in the transaction as éonnibuting to the parties' preference for a long-term contract.
The coefficient on ROUND? is also estimated to be positive ang significant under
both' probit regressions. Given that delivered product—foﬁn is an accurate proxy for
perishability, this lends support to the identification of perishability as an important
; dctelmihant of contractual choice. Similarly, the regression analyses indicate that the
volume df fish exchanged in;pact_s on the parties' preference of cémractual choice;
" specifically, larger deliveries tend to be exchanged under lon g-térm contracts.
Both regrcssjons estimate the coefficient on TABS to be signiﬁcanti§ negativc.f
.An incfease in the number of licences attached to the vessel increases the fiexibility of the
vessel across fisheries, or reduces the specificity of the vessel to the current trangaction.
Increased ﬂéxibility is thus negatively correlated with the choice of long-term contracts,
as is predicted by‘ the thesis” hypothesis. |
‘ The esﬁmat::s of 1, Ho, and pg3!3 represént the critical cut-off values of
(normalized) values of Z. That is, for values of Z in excess of the estimated threshhold,

the parties will engage in a transaction involving stronger vertical ties.

The nvabit analysis generally supports the thesis' hypothesis that contractual

choice ultiraaszty depends upon the presence of transaction specific assets in exchanges

B has been normalized to pg = 0.
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between fishers and processors. In both the binary and multinomial probit analyses, all
proxies used to measure asset specificity are identified as significant, with the exception
of GILLNET?. This implies that each of the other variables independently contributes to

the parties' preference for contractual arrangement.

Table 6-3: Correlation Matrix of Regressors

CAN? %DELIV  TRAP? GILLNET? SEINE? ROUND? WEIGHT

CAN? 1.00 0.62 -0.14 -0.01 0.23 0.28 -0
%DELIV 0.62 1.00 0.04 -0.06 0.21 0.26 0.11
TRAP? -0.14 0.04 1.00 -0.08 -0.12 -0.08 -0.10
GILLNET? -0.01 -0.06 -0.08 1.00 -0.67 0.21 -0.21
SEINE? 0.23 0.21 -0.12 -0.67 1.00 0.40 0.21
ROUND? 0.28 0.26 -0.08 0.21 0.40 1.00 0.07
WEIGHT -0.11 on -0.10 -0.21 0.21 0.07 1.00

TABS 0.14 -on 0.09 -0.07 -0.07 -0.18 0.15

TABS
-0.14
-0.11

0.09
-0.07
-0.07
-0.18

0.15

1.00



CHAPTER 7: CONCLUSION

The purpose of this thesis has been to explain observed contractual arrangements
in the B.C. intermediate market for raw fish. Two general classes of contracts have been
indentified: spot-market aVr"range:mf:ntsw and incomplete Ionig—term contracté accompanied
by non-price compensaton. The use of non—pff‘cc compensation is hypothesized to be
motivated by a desire to circumvent the hold-up problem. The potential for ex post hold-
up arises from the presence of transaction-specific assets in harvesting. Processors
undertake ex ante credible commitments in order to induce fishers to invest in these
transaction-specific assets.

The significance of this thesis is primarily the contribution of the empirical
analysis. There has been relatively little systematic empirical work done to test
hype " ~ses of contractual choice that rely on transaction cost approaches. This analysis
has objectively measured factors contrisuting to the proposed explanatory variable (i.e.,
transaction-specific sunk investments) and assembled a sample of transactions with
substannal variation in transactional characteristics. The relationship between observed
variations in transaction characteristics was then examined to test whether the predicted
relationships between them are in fact observed.

The little empirical work that has been conducted in the area of contractual
relations has been largely anecdotal, with the exception of labour contracts. Moreover,
most empirical work has focused on examining agents' choices between vertical
integration and transactions conducted in the "market”. The analysis in this thesis has

allowed for the intermediate state between spot markets and vertical integration.

The following variables are identified as contributing to asset-specificity-

penishability, volume exchanged per delivery, flexibility of the gear-type across species

140



and delivered product-form, flexibility o the vessel across fisheries and flexibility of the
processing technolcgy across intermediate and final product-forms. Both non-parametric
and parametric empirical icsting was undertaken in order 1o wst the above hypothesis.
The nour parametric chi-square analyses conducted it Chapter 6 prqyide strong
support for a positive correlation between the presence of asset specificity 1n transactions
and the presence of non-price compensation in transactions. Sinilarly, the probit
regressions undertaken in Chapter 6 are alsc supportive of a significantly positive
correlation between the aoove variables and contractual choice. Moreuver, the ordered
probit analysis r.dicates that asser specificity is positively 1clated the the strengrh of

vertical ties in transactions between fishers and processors.

This study aiso has imporrant implications for the management of commercial
&cheries. Understanding the way in which rransactors arrive at the rules that are to
govern a trading relationship is crucial in markets subject to external management. [f
fisheries managers are 10 undertake comprehensive cost-benefit analyses, contractual
responsed to proposed regulations must be considered. A natural progression of this
research involves an analysis of the effect of fisheries mansgement practises on the

nature of contractual arrangemznts between fishers and processors.
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